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WELCOME TO ICATES 2019 

 

 

 

On behalf of the organizing committee, we are pleased to announce that the 2nd 

International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 

2019) will be held from September 18 to 20, 2019 in Lviv, Ukraine.  

 

 

ICATES 2019 provides an ideal academic platform for researchers to present the latest 

research findings and describe emerging technologies, and directions in Engineering and 

Natural Sciences issues. The conference seeks to contribute to presenting novel research 

results in all aspects of Engineering, Technology and Natural Sciences. The conference 

aims to bring together leading academic scientists, researchers and research scholars to 

exchange and share their experiences and research results about all aspects of 

Engineering and Natural Sciences. It also provides the premier interdisciplinary forum 

for scientists, engineers, and practitioners to present their latest research results, ideas, 

developments, and applications in all areas of Engineering and Natural Sciences. The 

conference will bring together leading academic scientists, researchers and scholars in the 

domain of interest from around the world.  

 

The scientific program will focus on current advances in the research, production and use 

of Engineering and Natural Sciences with particular focus on their role in maintaining 

academic level in Engineering and Applied Sciences and elevating the science level. The 

conference's goal will to provide a scientific forum for all international prestige scholars 

around the world and enable the interactive exchange of state-of-the-art knowledge. The 

conference will focus on evidence-based benefits proven in clinical trials and scientific 

experiments. 

 

 

Best regards, 

 

Prof. Dr. Mükrimin Ş. Güney 

Chairman of the Conference 
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Researchers from nine different countries which are the USA, Poland, Indonesia, Algeria, Sri Lanka, Morocco, 

Lithunia, Serbia, Ukraine and Turkey, made oral presentation in the International Conference on Agriculture, 

Technology, Engineering and Sciences (ICATES 2019) held between 18-20 September 2019 in Lviv, Ukraine. 

Prof. Dr. Mükrimin Ş. Güney 

Chairman of the Conference 
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Abstract 

 

This study is an experimental study conducted to investigate the effect of SPSS (Statistical Package 

for the Social Sciences) Course to student attitudes and achievement about Statistics. Participants 

in this study were 60 students of the second year of the Faculty for Entrepreneurial business and 

management of non-real estate (University Union Nikola Tesla in Serbia). The students studied 

Statistics material with the help of software SPSS with the same content as in classical teaching, 

but with the accentuated power of visualization, with plenty illustrations, etc. in software SPSS. A 

survey conducted at the end of the research showed that students are very interested in this kind of 

teaching. They think that statistics software can help understood attitude and how it impacts the 

learning process. 

 

Keywords: IT, Statistics, education, lecturing, software, SPSS. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

1.Introduction 

 

This paper presents a broad overview of the role information technology (IT) tools can play 

in helping faculty students. The focus of this study is to demonstrate and discuss the educational 

advantages of Computer Assisted Instruction (CAI).  

Several researchers have studied CAI in teaching statistics, for example: mathematical 

statistics, biostatistics, social statistics and even business statistics with different level (e.g., 

Spinelli, 2001; Harrington, 1999; Warner and Meehan, 2001; Thyer et al., 1997; Oswald, 1996). 

Some of the aspects of CAI were also studied in the investigations, including teaching statistics 

with laboratories (Prvan et al., 2002), and using spreadsheets, for example Excel, instead of 

particular software programs such as Minitab or SAS (Spinelli, 2001; Warner and Meehan, 2001). 

Recently, researchers have begun to combine and compare CAI with programmed 

instruction/distance learning approaches (e.g., Harrington, 1999; Thyer et al., 1998).  

On the other hand, literature review shows that only a few studies have particularly 

investigated CAI in teaching introductory (Spinelli, 2001; Warner and Meehan, 2001). These 

studies illustrate that investigating CAI in teaching introductory statistics is very important because 

after taking introductory statistics courses, most of undergraduate and graduate students do not 

take any further statistics courses because of negative feelings and anxiety towards statistics 

statistics (Garfield and Ahlgren, 1988; Peterson, 1991; Rosenthal, 1992).  

Statistical packages are software designed for the explicit purpose of performing statistical 

analyses. Statisticians have used several packages for many years, including SPSS 

(http://www.spss.com), S-plus (http://www.insightful.com), R (http://www.r-project.org), SAS 

(http://www.sas.com), and Minitab(http://www.minitab.com).  

SPSS introduced the first mainframe statistical software package to appear on a personal 

computer. In addition, SPSS was the first package released of statistical products for the Microsoft 

Windows personal computer operating system. SPSS recently received the 2002 Illinois High Tech 

Award for statistical software innovation. It is used in statistical education particularly for social 

science courses in areas such as psychology, sociology and education. According to Prvan et al., 

(2002), SPSS will carry out almost all statistical analyses required at a professional level, and 

certainly covers all that would be needed in a first statistics course. It is particularly good for 

analysis of questionnaire data.  

We used in our research software SPSS and tested it in class in order to see how they would 

affect teaching process. 

 

2. Material and Method 

 

2.1. Aim and questions of the research 

 

Thanks to the experiences of some previous researches and results, some of the questions during 

this research were: 

1. What do students think of integrating technology in a statistics course? Do they prefer this 

or traditional way and why? 

2. Do students think it is easier to understand and learn the matter individually and during the 

classes by integrating IT? 

 

2.2. Participants of the Research 

http://www.spss.com/
http://www.minitab.com/
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The research was conducted on 60 students of the second year of the Faculty for Entrepreneurial 

business and management of non-real estate of the Union Nikola Tesla University, Belgrade, 

Serbia. 

 

2.3. Methods, Techniques and Apparatus 
 

Students had a course in Statistics studied by integrating IT, with the SPSS program. The material 

includes examples that we have dealt with the mentioned software tool. Students could solve 

problems in a much faster and more efficient way. In that way, students made conclusions about 

dependent variables by changing independent variables (their relationship, correlations, etc.). 

 

2.4. Course of Statistics 
 

For the Statistics course (introductory statistics), we chose the SPSS program as one of the most 

represented in the teaching, Figure 1. Course of content included descriptive statistics, frequency 

distribution, central tendency and variability, hypothesis testing, t tests, correlation, regression and 

nonparametric statistics (chi-square). In the paper, the process of data entry to the database (Figure 

2), the data processing by the Descriptive method (Figure 3) and the results shown in Figure 4, is 

shown in the next example. 

 
Figure 1. IBM SPSS Statistics program. 
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Figure 2. SPSS Descriptive Statistics (step 1). 

 

Example: 

In the example, a part of the research, which involved a total of 100 (100) respondents, descriptive 

statistics (minimum, maximum, arithmetic mean and standard deviation) for the following 

variables: 

 

Godište - age of respondents, ranked data with 1, 2, 3, 4, 5, 6, 7, 8, 9; 

BračniSt - marital status of respondents, ranked data with 1, 2, 3, 4; 

ŠkolskaSpr - school respondents, ranked data with 1, 2, 3, 4, 5; 

BrDece - number of children, ranked data with 1, 2, 3, 4, 5. 
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Figure 3. Database Descriptive statistics in SPSS (step 2 and 3). 

 

 

3. Results and Discussion 

 

The results obtained without working in this section should be given. Suggestions and opinions 

for readers can be specified. When asked whether they prefer classical or IT (integrating 

technology in a statistics course) way of learning (lectures and individual work), students answered 

the question as shown in Figure 5, explaining it with the following reasons: 

 

 I liked that by directly changing the values of parameters we could see changes in statistical 

tests 

 The graphs have helped me a lot in understanding certain problems 

 The tasks were resolved much faster and easier with the help of the SPSS software package 
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Figure 4. Descriptive statistics in SPSS (output) 

 

 
 

Figure 5. Students’ answers to the question: whether the IT should be used in lecturing and 

learning statistics? 
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The purpose of this paper was to gather evidence that might support further investigation in the 

use of IT to teaching introductory statistics course. This research shows that SPSS is a useful tool 

for teaching introductory statistics course. SPSS could be used as a first statistics package, 

especially for psychology, social science or education students. Prvan et al., (2002) indicated that 

SPSS is particularly good with questionnaire data and produces high quality output (e.g. in cross 

tabulations), so it is attractive for these particular groups of students. This finding support the result 

of Prvan et al., (2002) study that examined practical comparison of Minitab, Excel and SPSS. 

 

According to Yilmaz (1996), traditional methods of teaching introductory statistics are generally 

viewed as being ineffective because they fail to establish a clear link between statistics and its uses 

in the real world. To be more effective, using computers with software programs in the 

introductory statistics course would be one of the important ways to improve student knowledge 

about statistics and its usefulness in real life. It is a fact that emphasis on real-world applications 

with the computers is becoming more prevalent in introduction statistics courses at many colleges 

and universities, including this course. 

 

According to Hornby (1995), the opportunity to use computers in teaching statistics provides hands 

on activities, supports cooperative learning, provides active/constructive learning experiences and 

produces greater peer interaction. Moreover, one-hour laboratory provides opportunities for 

students to engage with statistical concepts within a learning environment supported through 

problem-based learning and exchange of ideas, irrespective of the particular package that is being 

used. The GAISE College Report (Franklin and Garfield, 2006) lists some issues to consider when 

IT to use in helping students learn statistics: 

 

• Ease of data entry, ability to import data in multiple formats 

• Interactive capabilities 

• Dynamic linking between data, graphical, and numerical analyses 

• Ease of use for particular audiences 

• Availability to students, portability. 

 

Technology has been and will continue to be a major factor in improving student learning of 

statistics. With an increased emphasis on statistics education at all educational levels, we hope to 

see more high quality research projects in years to come that will provide information on 

appropriate uses of technology to improve student learning of statistics. 
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Abstract 

 

The total amount of world production of hazelnut is mainly around 800.000 tons/year. About 65% 

of world’s hazelnut production is harvesting in Turkey. Hazelnut is a crucial and nonequivalent 

material for praline production, which is semi-finished product of chocolate industry. Moreover, 

hazelnut has an annual export revenue of approximately $ 2 billion as an important product for 

Turkey.  Due to the appropriate climatic conditions and availability of harvesting in the extreme 

sloppy and less qualified agricultural land of Ordu, Giresun and Trabzon, the protection and 

development of hazelnut-planted areas becomes among the priority issues. The slope 

fragmentation of cultivated areas and cultivar characteristics do not allow for mechanization, 

except for lowlands. This leads to increases in hazelnut production costs and also in laborintensive 

requirements during the harvest period. In Turkey, most hazelnuts remain multistemmed and are 

planted in brush. All of the hazelnut harvesting is still done entirely by hand in this region of 

Turkey. Due to the fact that machine farming has not been passed or not widespread in this region, 

production costs have increased such that they remain at very high levels when compared with 

other countries or other cities in Turkey.  In this study, it has focused on the mechanized harvesting, 

and sustainability of the hazelnut cultivation in less qualified sloppy mountainous agricultural 

lands. 

 

Keywords: Hazelnut, harvesting, plantage, sloping land 
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1.Introduction 

 

Hazelnut, a non-hygroscobic porous material with high oil content, is accepted as grains [1]. The 

rapid increase in population, the need of healthy nutrition and provide of sufficient food materials 

reveal the need for optimum evaluation of the agricultural areas. On the other side,  hazelnut has 

an annual export revenue of approximately $ 2 billion as an important product for Turkey.  Due to 

the appropriate climatic conditions and availability of harvesting in the extreme sloppy and less 

qualified agricultural land of Ordu, Giresun and Trabzon, the protection and development of 

hazelnut-planted areas becomes among the priority issues [2].  

 

The slope fragmentation of cultivated areas and cultivar characteristics do not allow for 

mechanization, except for lowlands. This leads to increases in hazelnut production costs and also 

in laborintensive requirements during the harvest period. In Turkey, most hazelnuts remain 

multistemmed and are planted in brush. All of the hazelnut harvesting is still done entirely by hand 

in Turkey [3].  

 

Due to the fact that machine farming has not been passed or not widespread in this region, 

production costs have increased such that they remain at very high levels when compared with 

other countries or other cities in Turkey.  In this study, it has focused on the mechanized 

harvesting, and sustainability of the hazelnut cultivation in less qualified sloppy mountainous 

agricultural lands [2]. 

 

2.Material and methods 

 

Harvesting machines for some fruits such as apples and some nuts such as walnuts, chestnuts, 

hazelnuts, and olives  are similar to each other. It is possible to group the harvesting machines 

suitable for these products into two categories as picking from branches or collecting from ground 

border. In this study, the machines that collect the products from ground borde will be investigated. 

It is possible to classify this machines as rotary brush with moving band, and vacuum suction 

systems.  These types of machines were commercialized nowadays. .  

 

Current status and systems  

 

2.1 Machines with rotary brush and moving band 

 

Such machines have been developed for collecting ground falling fruits such as apples, pears, etc, 

which are suitable for fruit juice for further evaluation.. This kind of machines can be easily 

adapted to nuts such as hazelnuts, walnuts and chestnuts, and olives due to use of some appropriate 

equipments. They are driven by its own gasoline engines. This motor drives the machine with 

adjustable slow speeds. At the same time, it rotates the conveying band mechanism from bottom 

to the top to fill the product available for the vehicle width. The driver or the operator can change 

the direction of the vehicle / machine from back side of  the machine Figure 1 [4, 5].  
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Figure 1: Machines with rotary brush and moving band 

 

2.2 Vacuum suction machines 

 

Vacuum suction machines can pick up the product by vacuum hose and brushed  or unbrushed 

nozzles. High pressure type radial fans are used for vacuum. The fan powers vary according to the 

suction distance. Commercializing units can reach up to 100 meters of suction distance. The 

harvesting products are picked up by vacuum power from the ground conveyed by the high air 

velocities in the suitable diameter hose and come to the collection and precipitation chamber. In 

the collecting chamber, harvesting product are seperated  due to the sufficient big cross-sectional 

area of chamber. The collected product can be taken off due to suitable air lock mechanism 

continuously or sliding door mechanism batchwise.   Hose suction machine adaptation was applied 

in Italy  as follows [6].  

2.2.1 Portable back type vacuum suction unit 

 

The product, which is sucked and conveyed through the hose, accumulates due to its weight in the 

precipitation chamber. The hopper must be emptied at various intervals.  

 

 

https://www.cifarelli.it/
https://www.cifarelli.it/
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Figure 2 Portable back type vacuum suction unit 

 

 

2.2.2 Tractor-adapted vacuum suction unit with grain extraction function 

 

The system is driven by the tail shaft of the tractor. Therefore, it requires working with large 

tractors. The system is equipped with an airlock mechanism for vacuum suction and continuous 

discharge of the product. Also the grain extraction function is also available in the system. The 

same system is available in self-propelled and small tractor-mounted applications  [7].  

 

 
Figure 3 Tractor-adapted vacuum suction unit with grain extraction function 

 

 

 

2.2.3 Figure 3. Vacuum suction unit adapted to the crawler digger 
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In order to carry the vacuum suction harvesting system in the case of sloping and high sloping 

land, the system is installed is  on a crawler digger which is applied and tried in sicily [8]. 

 

 
Figure 3. Vacuum suction unit adapted to the crawler digger 

 

 

Recommended compact portable system 

 

The cultivation of hazelnuts at sloping lands is characterized by several factors that make it 

difficult and dangerous to use mechanization systems for operators, at all stages of cultivation, 

especially in the harvesting phase. Some of these factors are predominantly irregular plantations, 

a high degree of acclimatization of the land slopes, uneven ground conditions, a lack or absence 

of business and interpersonal viability, presence of obstacles to the passage of machines, and 

unusual soil management with the abandonment of pruning residues on the ground. 

 

Considering the heavy conditions and the slope of the terrain, a functionable system is required. 

Also, the initial investment cost should not be high. Even though their catalogs value of 1 ton/hour 

of flatland type harvester, they can barely reach to 1-2 ton/day because of unexpected difficult 

conditions. have a capacity of 1 ton per hour, even harvesting machines requiring flat tractors can 

collect around 1 tonne of hazelnuts per day. Manually, 20-30 kg of nuts per day can be picked up.. 

It is aimed that the designed system can be operated with minimum labor force, compact and small 

structure, low energy requirement, suitable for various heavy conditions. Considering all these,  

harvesting capacity shall be between 100-200 kg per day with one or two operators.  The self 

propelled gasoline motor suction system can be driven manually or electrically by a two or three 

wheeled structure in the form of a platform.  System hopper can have batch type unloading 

mechanism or  if needed suitable for continuous operation.The design of lightweight, small size 

and compact unit is crucial. It shall be passed on the small pathway either hand-driven or 

electrically driven. This small and compact unit shall take the harvesting product from reasonable 
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and appropriate distances, be able to work in all heavy conditions and to reduce the labor costs of 

harvesting generally in significant amount. 

 

3.Conclusion 

 

Principally, both kind of harvester should be adapted and used on sloping land. Optimum 

evaluation of suitable land for agriculture is an issue that should be taken into consideration in 

terms of food safety. In the first class irrigable lands, all kinds of agriculture can be made easily 

and productive in 2, 3 and 4 times per year depending on the climate conditions. In Turkey, the 

ratio of first class irrigable land to total surface area is one of the lowest in the world. This is a 

critical disadvantage compared to other countries. Nuts such as hazelnut, walnuts and almonds do 

not require such lands generally. On the other side, hazelnuts need to have high relative air 

humidity level in June and July. This high relative humidity is available in the Eastern Black Sea 

region. The products grown in appropriate climatic conditions of eastern blacksea are superior to 

other regions via product feature, especially in terms of flavor. The heavy and challenging 

geographic conditions in this region make he cultivation and harvesting process difficult and 

expensive. Therefore, the unit harvesting cost of product in this region are also higher than other 

regions. The high cultivation cost causes to the fact that the hazelnut producers in our region do 

not apply adequate yearly maintenance and fertilization work to their plantage. It is crucial to 

preservation hazelnut planting areas in the Eastern Black Sea region with high slopin land structure 

and to reduce total cultivation costs inclusive harvesting. 

 

Hazelnut lands in the provinces of Ordu, Giresun and Trabzon generally have moderate and high 

slope. The lands in this region are divided into small parts by inheritance. It is almost impossible 

alternative agricultural production in the lands of this region. Moreover, ensuring the sustainability 

of hazelnut agriculture in this region and to keep and protect the first class irrigable lands for other 

products not suitable for sloping subjected second class lands for world agricultural food safety 

policy. Therefore, it is important to apply mechanical harvesting methods to reduce harvest costs 

in this region.  
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Abstract 

 

Sciencetific name of Hazelnut is Corylus avellana. The total amount of world production of 

hazelnut is mainly around 800.000 tons/year. About 65% of world’s hazelnut production is 

harvesting in Turkey. Besides its economic importance, the high nutritional value of hazelnut 

makes it a special food. Hazelnut is a crucial and non-equivalent material for praline production, 

which is semi-finished product of chocolate industry. The hazelnut is a small deciduous tree 

originated in southern Europe and Turkey. It is now being cultivated in many regions of the world, 

as a major commercial crop. Hazelnuts are rich in unsaturated fats (mostly oleic acid), protein, 

complex carbohydrates, dietary fiber high in magnesium, calcium, zinc and vitamins B and E. 

Hazelnuts are good for your heart, help reduce the risk of cancer, and aid in muscle, skin, bone, 

joint and digestive health. This study has focused on Fatty acids content and nutritional effect of 

hazelnut. 

 

Keywords: Hazelnut, content, nutritional effect, fatty acids 
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Introduction  

 

High nutritional value of hazelnut is significant. Nutritional analyses of hazelnut present a high 

protein content (16.9%). Moreover, its protein quality (66.6%) is also high in comparison to many 

proteins of plant origin. It appeared to be one of the best sources of plant origin for iron (5.8 

mg/100g), calcium (160.0 mg/100 g), and zinc (2.2 mg/100g), which are the most important 

minerals for growth and development. Hazelnut were also found to be rich in potassium(655 

mg/100g), which is necessary for nerve stimulation and functioning of muscle tissue. Hazelnuts 

were found to be good sources for vitamins B1 (0.33 mg/100g), and B2 (0.12 mg/100g), and very 

good sources for vitamin B6 (0.24 mg/100g) and Vitamin E (31.4 mg/100g). itaminsB2 and B6 are 

especially important nutrients for the schoolage children. The hazelnut is also the second best 

source of vitamin E after plant oils. This vitamin is essential for the normal functioning of muscle 

tissue and the reproduction system. It protects the organism agains cancer. Vitamin E also prevents 

the hemolysis of erythrocytes, and thus protects the body against anemia. The fat content of 

important varieties of Turkish hazelnuts is around 61%.  Because of their chemical and nutritional 

compositions, hazelnuts have potential benefical health effects [1].  

 

The main fatty acids in hazelnut varieties were oleic (79.4%), linoleic (13.0%) and palmitic acid 

(5.4%). The ratios of polyunsaturated/saturated and unsaturated/saturated fatty acids of  hazelnuts 

varieties were found to be between 1.23 and 2.87, and 11.1 and 16.4, respectively. 

The average niacin, vitamin B1, vitamin B2, vitamin B6, ascorbic acid, folic acid, retinol and total 

tocopherol contents of hazelnut kernels were 1.45 mg/100 g, 0.28 mg/100 g, 0.05 mg/100 g, 0.5 

mg/100 g, 2.45 mg/100 g, 0.043 mg/100 g, 3.25 mg/100 g and 26.9 mg/100 g, respectively. The 

amount of the essential amino acids, mostly as arginine (2003 mg/100 g) and leucine (1150 mg/100 

g), and the non-essential amino acids, mostly as glutamic acid (2714 mg/100 g) and aspartic acid 

(1493 mg/100 g) were also determined in the hazelnut varieties. Mineral compositions of the 

hazelnut varieties, e.g., K, Mn, Mg, Ca, Fe, Zn, Na and Cu were (averagely) measured as 863 

mg/100 g, 186 mg/100 g, 173 mg/100 g, 5.6 mg/100 g, 4.2 mg/100 g, 2.9 mg/100 g, 2.6 mg/100 g 

and 2.3 mg/100 g, respectively [2].  

 

Hazelnut contains saturated and unsaturated fatty acids. Saturated fat is one of the two main classes 

of fat, the other being unsaturated fat. These groups differ slightly in their chemical structure and 

properties. For instance, saturated fat is generally solid at room temperature, while unsaturated fat 

is liquid. The amount of these and their ratio to each other are important in healthy nutrition. In 

this study, nutritional contents of hazelnut were examined, especially some important unsaturated 

fatty acids contents  and their influences were presented in detail. In addition, hazelnut nutritional 

effect on healthy diet in other important issues has been tried to give. 
 

Material and methods 
 

Fat content and fatty acid compositon of Turkish hazelnut are given Table 1 [3]. The hazelnut 

cultivars, Tombul, Palaz and Kalınkara, contained 60.88%, 60.40% and 61.55% fat, respectively. 

There were no significant differences in fat content among cultivars. The saturated fatty acids 

found in the hazelnut kernels were palmitic acid as the predominant one followed by stearic acid. 

Also traces of palmitoleic acid was identified. Among the varieties, the main unsaturated fatty acid 

was oleic acid, 79.37% to 80.86%. While linoleic acid ranged from 10.41% to 11.86%, linolenic 

acid was detected only at trace levels. Significant differences were found among the cultivars for 
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the saturated fatty acids palmitic and stearic. No significant differences were found for the 

unsaturated fatty acids. The total fat content of the varieties increased from 58.68% to 62.48% 

during storage. The difference was statistically significant. The palmitic and oleic acid content of 

the stored nuts were found higher whereas linoleic acid was lower compared with fresh nuts. 

Differences in palmitic and linoleic acid contents during storage were statistically significant. No 

significant differences were found for other fatty acids, palmitoleic, stearic, oleic and linolenic 

(Table 2) [3]. The fat content of the hazelnuts stored unshelled and shelled differed significantly. 

They were, respectively, 60.05% and 62.58%. However, there were no significant differences for 

each of the fatty acids. At the end of storage period, the total saturated fatty acid content of the 

three hazelnut cultivars was a little higher (8.30%) compared with the beginning of storage 

(8.14%); the total unsaturated fatty acid content changed from 92.12% to 90.88%. There were no 

significant differences at the beginning of the test period, 6 months or 12 months of storage. The 

unsaturated fatty acid content of nuts makes them nutritional products, but also makes them more 

susceptible to autoxidation. It is necessary to know the chemical and fatty acid composition of 

hazelnuts and the change of these parameters during the storage because of their relationship with 

nutrition and oxidation. The total fat, palmitic and linoleic acid contents of hazelnut changed 

during the storage at 21C and 60–65% relative humidity. No significant differences were found 

for other fatty acids. The change of fat content of cultivars depending on whether nuts were shelled 

or unshelled was found to be statistically significant. While the total saturated fatty acid content 

increased from 8.14% to 8.30%, the total unsaturated fatty acid content changed from 92.12% to 

90.88% in the storage period. 
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Fat content of roasted Turkish hazelnut (Tombul variety) has been investigated by National 

Agrarian University Lviv. The results are presented in Table 3 [4]. Roasting process makes 

additionally drying effect on samples. It is important the temperature and duration of roasting 

process. In that context, it seems to be changed some fat content of roasting hazelnut samples 

comparing with raw samples, Table 3.  

Table 3. Fatty acid composition of roasted hazelnut by cold pressing method 

Fatty acids and code 

Fattyacidscontentinpercentages 

Crushed nut 

(large fraction) 

Crushed nut 

(small fraction) 
Whole hazelnut 

Capric, 10:0 0,1 0,1 0,1 

Lauric, 12:0 0,8 0,7 0,7 

Myristic, 14:0 1,6 1,6 1,5 

Pentadecylic, 15:0 0,8 0,8 0,7 

Palmitic,16:0  5,8 5,7 5,6 

Palmitoleic,16:1  0,4 0,4 0,4 

Stearic, 18:0 3,4 3,2 3,1 

Oleic, 18:1 70,7 71,7 70,8 

Linoleic, 18:2 14,2 13,8 14,7 

α-Linolenic, 18:3 1,9 1,7 2,1 

Arachidic, 20:0 0,2 0,2 0,2 

8-Eicosenoic, 20:1 0,1 0,1 0,1 

 

 

In a study performed by Arslan et al., fat contents of  7 different Turkish hazelnut varieties were 

examined, Table 3. Moreover, polyunsaturated / saturated and unsaturated / saturated fat ratios 

were investigated in the same study, Table 4. 

 

Table 4. Fatty acid compositions of hazelnut oils of seven Turkish varieties [4] 
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Table 4. The ratios of polyunsaturated/ saturated and unsaturated/saturated fatty acids of 

hazelnuts oils from seven Turkish varieties [4] 

 
 

Conclusion 

Hazelnuts are is rich in unsaturated fats (mostly oleic acid), significantly high in magnesium, 

calcium and vitamins B, E, and folic acid. They are good for your heart, help reduce the risk of 

cancer, and aid in muscle, skin, bone, joint and digestive health. Monounsaturated and 

polyunsaturated fats have a beneficial effect on your heart by lowering the bad cholesterol levels 

in your blood. The omega-3 and omega-6 fatty acids in hazelnuts are important components of cell 

membranes and are involved in the regulation of inflammation and prevention of hypertension. A 

major type of monounsaturated fat in hazelnuts is oleic acid. Oleic acid has beneficial effects on 

your health and may have a positive role in reducing cholesterol levels and blood pressure [5].  

 

References 

 

[1]. E. Alphan, M. Pala, F. Açkurt, T. Yilmaz, Nutritional Composition Of Hazelnuts And Its 

Effects On Glucose And Lipid Metabolısm, ISHS Acta Horticulturae 445: IV International 

Symposium on Hazelnut 1997.   

[2]. I. Koksal, N. Artik, A. Simsek., N. Gunes, Nutrient composition of hazelnut (Corylus 

avellana L.) varieties cultivated in Turkey, Food Chemistry 99 (2006) 509–515  

[3] Mehmet Ali Koyuncu, Change Of Fat Content And Fatty Acid Composition Of Turkish 

Hazelnuts (Corylus Avellana L.) During Storage Journal of Food Quality 27 (2004) 304–309 

[4]. G. Kambur, D. Arslan,  M. M. Ozcan, Some compositional and physical characteristics of 

some Turkish hazelnut (Corylus avellana L.) variety fruits and their corresponding oils, 

International Food Research Journal 20(5): 2161-2165 (2013) 

[5]. https://www.healthline.com/nutrition/hazelnut-benefits  

 

 

 

 

 

 

 

 

 

 

https://nutritiondata.self.com/facts/nut-and-seed-products/3116/2
https://www.ncbi.nlm.nih.gov/pubmed/25172755
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3622620/
https://www.actahort.org/books/445/index.htm
https://www.actahort.org/books/445/index.htm
https://www.healthline.com/nutrition/hazelnut-benefits


2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

 

 

Evaluatıon of Renewable Energy in Mixed Used Buildings in Giresun 
 

Kerem Apaydın 1*, Hakan Adatepe   
 

1*Giresun University, Faculty of Engineering, Department of Energy Systems Engineering, Giresun/Turkey 

e-mail: apaydnkerem@gmail.com 

Giresun University, Faculty of Engineering, Department of Energy Systems Engineering,  Giresun/Turkey 

e-mail: adatepehakan@yahoo.com 

  

  
*Corresponding Author: 
apaydnkerem@gmail.com 

 

 
 

Abstract 

 

In this study, APAYDIN Shopping Center (AVM) which is a mixed-use building located in the 

central district of Giresun province was examined the energy usage potential of the building was 

revised and the energy saving potentials were determined. The devices and systems that make 

electricity consumption at the shopping mall were examined by observations and calculations. The 

condition of the building was analyzed by analyzing the air conditioners, air control devices (air 

curtains), refrigerated product display cabinets, cold stores and lighting fixtures and all the vehicles 

that cause electricity consumption. In addition, if the energy source used in the structure is 

provided from solar energy which is renewable energy, annual energy saving, investment cost 

analysis etc. account. 

 

Keywords: Renewable Energy, Mixed Use Structure, Solar Energy 
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1. Introduction 

 

Objective: In accordance with engineering principles and architecture of the structure, use 

of the structures in which the structures show variability to produce energy, to obtain information 

about this system and to analyze the production. 

Method: To determine the necessary production technology and elements as a result of the 

researches and to calculate the energy that can be produced in computer-aided simulation program. 

Conclusion: The most important element of engineering services is customer desire. For this 

reason, production technology is designed according to economic conditions, depreciation period 

and efficiency. The most important parts in this design are PV panels, inverter and batteries. 

1.1.Energy 

Energy is defined as the ability to do the job. Energy is found in many things and can take 

many forms. For example, while kinetic energy is motion energy, potential energy is energy 

originating from the position or structure of an object. Energy never disappears, but can be 

converted from one form to another [1]. 

 

1.1.1. Renewable Energy 

Renewable energy is the energy obtained from the flow of energy in the continuous natural 

processes. According to Uyar (2004), renewable energy is defined as "the energy source that can 

be present in the same day as nature's own evolution" [2]. 

The advantage of renewable energy sources over conventional energy sources is that it does 

not pollute the environment and is friendly to nature and living things. However, there are 

disadvantages. Geographically, they are not abundant everywhere; they must also be collected 

from large areas because they are not intense forms of energy [3]. 

Renewable energy is divided into 4 classes:  

Direct Solar Energy (heat,light),  

Biological (wood,grain-animals, organic residues, biological gas,animal-human power),  

Indirect Solar Energy (water or hydraulic, wind, wave),  

Geothermal(heat flow). 

 

1.2.Solar Energy 
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Solar energy is obtained by converting the energy of photons in sunlight into electrical 

energy. As long as life continues, the energy obtained from the Sun will be continuous. In addition, 

it is an advantageous renewable energy source due to the fact that the solar cells are clean and 

environmentally friendly, the system components are modular and have long life, easy 

maintenance and low cost, they can respond to various variations such as connecting the batteries 

in series or parallel. The biggest disadvantage of solar cell systems is that the time-dependent 

efficiency of solar energy is low and the initial investment cost is high.  

 

1.3.Energy Efficiency 

Energy efficiency; our standard of living is to do the same amount of work by using less 

energy without reducing production quality and quantity. Energy losses in gas, steam, heat, air and 

electricity are prevented by energy efficiency, wastes are evaluated, or by using advanced 

technologies, energy demand is reduced without reducing production. Energy efficiency; In 

addition to the use of more efficient energy resources, it can also be realized through measures to 

increase efficiency such as advanced industrial processes and energy recovery. [4] 

 

Figure 1. World wide Advantages of Solar Radiation Performance 

 

2. Material and Method 
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2.1. How Electricity is Produced From the Sun and Working PV System 

Figure 2. Solar Cell Working Diagram 

The generation of electricity from the sun is realized by using PV systems and thermal 

methods. Electricity produced by using PV from solar energy is cheaper. 

The generation of electrical energy from solar energy by thermal means is carried out in two ways 

as Radiation-focused systems and Radiation-reflective systems. 

The batteries of PV systems consist of semiconductor materials, but these semiconductors 

require P and N doping to form a solar cell. After the semiconductor joints are formed, the electrons 

breaking from the N type move towards the P type by the photons in the solar rays. This event 

continues until load balance occurs on both sides. The photons of the light flux absorbed by the 

semiconductor form electron-hol pairs, which are collected separately on both sides of the 

semiconductor member. This results in an electric current proportional to the illuminated face of 

the joint and the intensity of the light falling there. 

 

 

2.2. PV System Parts 
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Figure 3. PV System Parts 

 

1. PV Modules                               6. Controller (overvoltage protection) 

2. Charge Controller (overvoltage protection) 7. Energy meter 

3. DC switch disconnector              8. Main protection 

4. Inverter                                                       9. Transformer 

5. AC switch disconnector 

2.4. Building Electricity Consumption 

 

Energy consumption of the building as of 2018 New Year is examined on a monthly basis. 

These data are detailed with separate tables and graphs. These data will be considered as reference 

in the analyzes. 

 

 

 

 

Table 1- January 2018- December 2018 Table of Electricity Consumption 
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MONTHS 
CONSUMPTION COST 

kWh Unit Price Total 

January 45.813 0,3576 16.382,73 TL 

February 40.554 0,3576 14.502,11 TL 

March 42.347 0,3576 15.143,29 TL 

April 39.220 0,3725 14.609,45 TL 

May 38.868 0,3725 14.478,33 TL 

June 49.281 0,3725 18.357,17 TL 

July 59.568 0,4122 24.553,93 TL 

Agust 57.774 0,5354 30.932,20 TL 

September 49.161 0,5530 27.186,03 TL 

October 41.024 0,5295 21.722,21 TL 

November 34.652 0,5710 19.786,29 TL 

December 42.324 0,5710 24.167,00 TL 

TOTAL 540.586   334.418,90 TL 

 

Figure 4. Year of 2018 Electricity consumption 
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2.5. Cost Analysis 

 

The electricity is purchased from AKSA electricity distribution company. The current tariff 

used is a single time / single term tariff. Meter values of the structure are taken on a monthly basis. 

At the end of the calculations, the appropriateness of the current tariff will be checked and, if 

appropriate, a tariff change will be proposed to reduce the cost. Calculations will be made on the 

unit prices of EMRA (Energy Market Regulatory Authority). 

Solar energy panels will be designed to use the whole area directly on the roof of the building 

and receive direct sunlight. The area where the panels will be installed is approximately 900 m² in 

two separate sections. During the design phase, energy calculations will be performed in PVSyst 

simulation program. By calculating the maximum electrical energy that can be obtained from the 

designed panels, the monthly and annual savings provided by the energy obtained will be presented 

in tables and graphs. The applicability of the system will be discussed by considering the costs and 

depreciation periods. 

 

3. Results and Discussion 

 

3.1 Analysis Result 

The simulation was made with a small demo of 8 pieces. The calculation results will be treated as 

if this demo will be applied to the entire roof. The results of the analysis performed with the PvSyst 

are given below. 
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Figure 5. Solar paths at Giresun, (Lat. 40.92 N, Long. 38.39 E Alt. 10m) Legal Time 

 

Figure 6. Roof area where the system will be installed 
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Figure 7. Characteristics of a grid inverter
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Figure 8. Near Shadings definition 
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Figure 9. Grid-Connected System: Simulation Parameters 

 

3.2 Results   

 

During the installation of the demon on the roof, it is foreseen that 15% of the roof area 

cannot be installed due to the form. With this prediction, the roof area of 900m2 was calculated as 

820m2 and 450 demo modules were installed. 
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Figure 10. Grid-Connected System: Main results 
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Figure 11. Grid-Connected System: Loss diagram 

 

After the loss of the system, the annual electricity generation of the system: 

2,813x450(pcs)=1,265,850 kWh/year 

Total consumption amount for 2018 is 540,586 kWh per a year. 

The excess energy produced is thought to be supplied to the grid. Annual electricity supplied 

to the grid: 725,264 kWh per a year 

The depreciation period will be calculated when the quotation for the project is received. 
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Abstract 

 

In this study; A hydraulic press design with an H-type table with a capacity of 10 tons has been 

constructed in accordance with the engineering principles and safety conditions. The three-

dimensional model of the hydraulic press was created using Solidworks and Creo programs. 

Essential calculations of hydraulic press elements have been made. Computer-aided programs are 

used for safe design under the required load. In order to ensure that the elastic deformation limit 

and the load of the frame are not exceeded in the frame design of the press, analytical calculations 

of the press frame are optimized with the help of the finite element method. The most important 

element in engineering services is customer desire. Therefore, the manufacturing conditions of the 

designed press are designed according to important conditions such as the environment and the 

place to be used. In this design, one of the most important parts is motor and pump. Production 

plan and cost analysis were made and manufacturing technical drawings were prepared for each 

part. 

 

Keywords: Hydraulic press, H-type press, Press design 
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1. Introduction 

 

Objective: To design a hydraulic presses based on engineering principles and safety 

calculations in accordance with engineering principles, to obtain information about presses and to 

analyze control purposes. [1,2,8]. 

Method: Determining the hydraulic press elements as a result of the researches, making the 

necessary mathematical calculations and testing the reliability under the required loads with 

computer aided programs [7]. 

Conclusion: The most important element of engineering services is customer desire. 

Therefore, the press is designed according to important conditions such as manufacturing 

conditions, environment and place where it will be used. In this design, the most important parts 

are engine and pump [1,7,9]. 

 

 

1.4. Pres 

Presses are the machines that convert the rotational movement taken from the electric motor 

into mechanical energy and use this energy. 

The presses are divided into two classes according to the drive system. 

Mechanical presses 

Hydraulic presses [8,9,10]. 

 

Figure 1. Pres 
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1.1.1. Hydraulic Presses 

Hydraulic presses working in the help of oil. As with mechanical presses, it can be single-

acting, double-acting or open-bodied or closed-bodied (flat-edged) according to the body 

structures [8]. 

1.5. Advantages of Hydraulics 

Maintain and repair are easy in the hydraulic system . They are easy to maintain because the 

number of elements used in the circuit is not very high and the structures are relatively 

simple.Well-trained specialist personnel can perform maintenance and repair in precision 

automatic controlled circuits. It is possible to secure the hydraulic system from several 

points. Pressure control valves to be placed at critical points because the system can be eliminated 

from the damage caused by excessive pressure in the system. 

The hydraulic system can be remotely controlled and suitable for automatic 

control. Hydraulic system can be easily used in the design of automatic and modem machines. 

In the hydraulic system, smooth movement is produced. Since the using fluid is 

incompressible, a rigid and regular movement is obtained [4]. 

 

 

 

Figure 2. Hydraulic Systems 

 

If the hydraulic system encounters an unexpected load or resistance during operation, it stops 

and waits. When this overload disappears, it continues to act as if nothing had happened. 

In this case, the safety valve enters the circuit and eliminates the damage caused by the rising 

pressure [5]. 
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Figure 3. Hydraulic System 

 

The hydraulic system operates silently and quietly. If a metallic noise occurs during operation, 

there is no oil left in the oil tank or the pump is sucking air. It is sucking air from the suction line 

or the suction pipe above the oil level. In the hydraulic system, large forces and moments can be 

produced at very high pressure. It is possible to adjust and control the movements very precisely. 

Hydraulic components have a long service life and are economical in the long term. Since oil is 

used as fluid in the hydraulic system, there is no need to consider the lubrication problem in the 

design of the system. Lubricates oil valves and other elements that pass through the system while 

it is running. It is possible to obtain infinitely variable speed values. Speed can be adjusted while 

the movement is in progress. Speed can be increased or decreased. At any time, the direction of 

movement can be rotated to the opposite direction if linear, circular or angular movement is 

desired. The system does not need to stop to move to the opposite side. The hydraulic system is 

easy to operate. The hydraulic elements are small in volume and occupy little space. Although they 

produce great pressure and force, their structures are small and aesthetic. When the hydraulic 

design is made, the machines appear smaller and more beautiful [5,6]. 

 

Figure 4. Hydraulic System and electric motor 
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The hydraulic elements are small in volume and occupy little space. Although they produce 

great pressure and force, their structures are small and aesthetic. When the hydraulic design is 

made, the machines appear smaller and more beautiful [12]. 

 

1.6. Comparison of Hydraulic and Mechanical Presses 

In the hydraulic press, the force is constant during the stroke, and in the mechanical press 

the force varies with the slide position. 

In the hydraulic press, the stroke height is easily adjusted and controlled. In mechanical 

press, the stroke height is limited to crank and eccentric rotation. 

The speed of the hydraulic press is adjustable, and the speed of the mechanical press is 

limited and constant with the drive system. 

The hydraulic press cannot overload, it stops the slide movement when it reaches the preset 

force. The mechanical press is overloaded and, if there is no protective system, it can damage the 

press and die. 

Mechanical presses complete the cycle quickly and are more prone to mass production. 

Since the energy is stored in the flywheel, a smaller motor is used in a mechanical 

press. Hydraulic presses use 2-2.5 times more powerful motor than an equivalent mechanical press 

[8,9,10]. 

 

Figure 5. Hydraulic and Mechanic Presses 
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Since the slide speed of the mechanical press is higher, it is more suitable for cutting and 

drilling operations requiring high impact movement. The same operations can be done on 

hydraulic presses, but the metal of the blades and punches and the shock during cutting can damage 

the hydraulic system. 

Once the mechanical presses are in motion, the slide cannot be undone and must complete 

the stroke. If the resistance is too high, it will either remain stuck down or break the mold (or break 

the press from a weak point). 

In the hydraulic system can be adjusted with a pressure regulated valve. The system pressure 

can only be maintained at a level that exceeds the material resistance. It is almost impossible to 

overload hydraulic presses. 

Mechanical press works; deep drawing irregular part shaping, cutting and die training 

Hydraulic press works; not too deep pulls, mass production, cutting, punching, ironing, 

opening cutting and automated Works [8,9]. 

 

2. Material and Method 

 

2.1. Working System of Presses 

The electric energy of the electric motor pumps are used to pump oil and pressurized oil is 

pressed into the system. This pressed oil is controlled by various direction control valves and 

pressure regulating regulators and is applied to the cylinders and mechanical energy is 

generated. The slide (moving head) connected to the rollers moves up and down. 

Since the amount and pressure of oil delivered to the cylinders can be controlled, the speed 

and the tonnage of the press can be adjusted to the desired values. Due to these features, hydraulic 

presses are preferred especially in deep drawing molds [2,9]. 
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Figure 6. Hydraulic Presses 

 

Due to these features, hydraulic presses are especially preferred in deep drawing molds. There are 

two slide movements in double-acting presses. The outer running slide is called the pot circle and 

the inside running slide is called the inner pressure. 

When the deep drawing mold is connected to the press, the pot chamber first presses the 

sheet and locks the pressure. The internal pressure is then activated and the tensioning is performed 

by pressing the sheet. Then, when the internal pressure reaches the set pressure value, the external 

pressure is released and the internal pressure starts to rise upward and the outer pressure is lifted 

up. It is possible to adjust the pressure force at the four corners of the pot chamber separately 

according to the condition of the pressed part [2,7,8,9,10]. 
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2.2. Hydraulic Press Parts 

 

 

Figure 7. Hydraulic Pres Parts 

1. Hydraulic Cylinder                                                       5. Safety Valve 

2. Control Valve                                                               6. Electric Motor 

3. Closed Direction Control Valve                                     7. Check Valve 

4. Hydraulic Pump                                                              8. Hydraulic Tank [8]. 

 

2.3. 10 Ton Hydraulic Press Design 

Motor and Pump Selection for Press Power System 

Flow calculation 

Q=(N.V.RPM)/1000       Q=1500.11,9.0,95/1000       Q=16,95  ( L)/( d) 

Power calculation 

G=(Q.P)/(RPM.600)      G=16,95.80/0.95.600      G=2.37 kW 

As a result of these calculations, HEMA 1 PN-119 type pump was chosen as the hydraulic pump 

for the power system.The electric motor has a power of 3 kW and 1500 rpm.  

Cylinder Push and Pull Force                       F=10000 kg 

Stroke length = 350 mm  Piston diameter    D= 125 mm                   
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Piston area     A=π.D2/4=π.1252/4=12271 mm2             

        F=10000.9.81=981000 N 

P=F/A                          P=981000/12271=7.9 

MPa=79 bar 

79 bar <80 bar the system is safety. 

Cylinder Stroke Completion Timet=(A.h)/Q           t= 12271.350/(16,95∗106)=0.25 

d=15,02 sn 

CONSTANTS 

V=11.9 cm2/revolution      Rpm = 1500 rpm 

Max Speed=3000 rpm/mn            Yield =0,95                    Pressure  = 80 

bar 

Speed Calculation for Stroke 

𝑋=𝑉.𝑡                           𝑉=350/15,02=23 𝑚𝑚/𝑠𝑛 

Wall Thickness Calculation for Hydraulic Pipe 

e = wall thickness                 Piston diameter = 125 mm   Pressure = 80 bar 

c = coefficient of resistance for corrosion           For St 37 steel  𝜎ç=370 𝑀𝑃𝑎 

𝑒2=𝑝𝑖𝑠𝑡𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟.(𝑝𝑢𝑚𝑝 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒)/(2.𝜎ç )+𝑐=𝑒2=125.80/2.370+1 

𝑒=4.76      𝑒=5 𝑎𝑙ı𝑛𝑑ı 

Oil Tank Account 

𝑉S𝑡𝑟𝑜𝑘=𝜋.𝑑2.ℎ/4          𝑉𝑠𝑡𝑟𝑜𝑘=3.14.1252. 350/4 

𝑉S𝑡𝑟𝑜𝑘=4.29 𝐿           𝑉T𝑎𝑛𝑘=𝑉S𝑡𝑟𝑜𝑘.3 

           𝑉T𝑎𝑛𝑘=4,29.3=12.87           VTank=13L to equaled [3,7,8,11,13]. 

 

2.4. Manufacturing Technical Drawings 
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Figure 8. Tabla Technical Drawing and Shaft Technical Drawing 

 

 

 

 

 

 

 

 

 

Figure 9. U Profile Technical Drawing and I Profile Technical Drawing 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Body Technical Drawing and Drum Technical Drawing.  

 

2.5. Hydraulic Press Body Analysis By Finite Element Method 

 

ANSYS R16.2 program was used for model analysis with finite element method. The body 

model was first transferred to ANSYS and connected with Static Structural. The material of the 
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part was previously given in SOLIDWORKS 2016 program during drawing. The model connected 

to Static Structural was introduced. 

 

 

Figure 11. Body Model and Body Mesh  

 

After entering the model, Mesh application process was started. After adjusting the Mesh 

values above, the model is "Generate Mesh" and the Mesh process is performed. 

 From the "Static Structural" section, the base of the part is fixed with "Fixed 

Support". Afterwards, a force of 100000 N was applied on the table on the body with tab Force 

again from the Static Structural part. 
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Figure 12. Force Applied to the Body and  Equivalent Stress in Body 

 

Equivalent Stress was chosen from Solution section. Thus, the equivalent stress of the 

system under 100000 N load was found. The equivalent stress must be smaller than the safety 

stress. Safety stress is the ratio of yield stress to safety coefficient. The safety coefficient (S) is 

taken as 1.3. 

 

Figure 13.  Total Deformation at Body 
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"Total Deformation" was selected from "Solution" section. St 37, which is the material of 

the body of the hydraulic press, has a yield strength of 235 MPa. In order for the body to undergo 

plastic deformation, the "Total Deformation" value must be lower than the yield strength of the 

body material. 

 

2.6. Cost Analysis 

1 TL = 0,17 $= 0,16 €= 4,33 ₴ 

Table 1. Structure Profiles Used for Body Construction. 

Size NPI 120 NPU 140 

Material NPI iron NPU iron 

Unit weight 11.2 kg / meter 16 kg / meter 

Total weight 67.2 kg  96 kg  

Overall length 6 meters 6 meters 

Unit price 1.48 TL 1.40 TL 

Quantity 1 piece 1 piece 

Amount 100 TL 135 TL 

 

  

Figure 14. Body Construction and Electric Motor. 

      Hydraulic oil 

Castrol AWS-46 was used.I used 15 kg of fat.1 can oil = 15 kg.Amount = 290 TL 

      Electric motor 
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In order to obtain the desired power; We used a VOLT electric motor with 3 kW and 1500 rpm. 

Amount = 500 TL 

      Hydraulic Cylinder-Piston 

125 * 350 mm hydraulic cylinder. It was used. Amount = 300 TL 

      Hydraulic Pump 

To give the desired flow rate and speed; 

HEMA 1 Hydraulic type PN-119 pump was used.Amount = 200 TL 

      Coupling - Drum 

Plastic Coupling was used.Amount = 50 TL . 200 mm body diameter has used the drum. 

Amount = 50 TL Other hose, oil tank and other connection employees were paid a total of 250 TL. 

 

Figure 15. Coupling and Drum and Hydraulic Pump. 

       Weld Connection 

Cost of a weld = 1 TL.There are a total of 40 welded connections. 

Amount = 40TL 

       Hole Operations 

Cost of drilling a hole = 2 TL .Drilling a total of 28 holes operation was performed. 

Amount =56 TL 

 

Figure 16. Coupling and Drum and Hydraulic Pump and Electric Motor Assembly. 
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Figure 17. Hydraulic Press Complete Assembly. 

 

3. Results and Discussion 

 

3.1 Analysis Result 

Finally, "Equivalent Stress" and "Total Deformation" was added to the model,  

"Solve" solved with. 

The total deformation of the thawed model was found to be approximately 222 MPa  

and equivalent stress was found to be 179.23 MPa. 

According to the calculations, the equivalent stress was found to be 180.77 MPa. 

σSafety=(σYield)/S                       σsafety= (235 MPa)/1,3 = 180,77 Mpa 

σEquivalent<σSafety          179,23 MPa < 180,77 Mpa      SUITABLE. 

σSafety < σYield                    222 MPa < 235 MPa           SUITABLE 

[3,7,8,11,13]. 

 

3.2 Results   

With this research, the necessary information to clarify the major problems encountered in 

the design and application phase of the hydraulic press has been given in consideration of 

technological developments. 
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Hydraulic press design is considered as the choice of motor and pump. Because with the 

energy coming from the motor, mechanical energy is transferred to the pump and work is 

done. This high motor and pump power increases the hydraulic force of the press. 

After gathering the necessary information for the article, studies were made for the hydraulic 

press for educational purposes considering the problems encountered in the application. 

It has been observed that the maximum values of static stress, deformation and natural 

frequency analyzes occur in different parts of the press body. However, the results obtained are 

reasonable and do not interfere with the operation of the press. 
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Abstract 

 

Fluidized bed can be used in various industrial areas Their applications are increasing generally, 

and preferable where is necessary precise processing technology and specific processing. 

Fluidization and fluid bed is a form and concept. Fluidization is the operation by which solid 

particles are transformed into a fluidlike state through suspension in a gas or liquid. This method 

of contacting has some complex characteristics, and only fluidization engineering puts them to 

good use. This study focuses on the understanding of this concept and importance of fluidization, 

flow regimes, fluid bed forms and the use of fluidized beds. 

 

Keywords: Fluidization, Fluidized bed, Flow regime, Application 
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1.Introduction  

 

Fluidization:  when a fluid, either a gas or a liquid, is passed upwards through the bed, the bed 

particles remain stationary or packed at low fluid velocities. This is a packed or fixed bed. If now 

the velocity of the fluid is increased, the particles will begin to separate and move away from one 

another; the bed is said to expand. On increasing the velocity further, a point will be reached at 

which the drag force exerted by the fluid on a particle is balanced by the net weight of the particle. 

The particles are now suspended in the upward-moving stream of fluid. This is the point of 

minimum fluidization, or incipient fluidization, at and beyond which the bed is said to be fluidized. 

The superficial fluid velocity in the bed at the point of incipient fluidization is called the minimum 

fluidizing velocity umf and is of crucial importance in characterising the behaviour of a fluidized 

bed. Superficial velocity is defined as the volumetric flow rate of fluid divided by the cross-

sectional area of the bed. In other words, superficial velocity is equal to the mean fluid velocity 

assuming that the particles are not present; the actual interstitial fluid velocity will, of course, be 

somewhat higher. At velocities in excess of that required for minimum fluidization one of two 

phenomena will occur. First, the bed may continue to expand and the particles space themselves 

uniformly. This is known as particulate, or homogeneous, fluidization and in general occurs when 

the fluidizing medium is a liquid. Alternatively, the excess fluid, beyond that required to achieve 

fluidization, may pass through the bed in the form of bubbles. The particles are agitated and mixed, 

violently so at higher velocities, and the bubbles rise through the bed to break at the surface. This 

is called aggregative, bubbling or heterogeneous fluidization and usually occurs where the 

fluidizing medium is a gas. It is this type of behaviour which gives rise to the analogy of a boiling 

liquid [1]  

 

2.Material and methods 

 

Flow regimes: 

Fluidization is the process of stationary solid particles brought into a dynamic “fluid-like” state by 

an upward stream of fluid (gas or liquid) [2], The physiochemical phenomenon called, 

‘fluidization’, conveys the idea of converting a bed of fine particulate materials into a fluid-like 

state by passage of a gas or liquid through it. Transport phenomena in fluidized beds have several 

complex features which can be utilized to great benefit in various processes. If a fluid is passed 

through a bed of fine particles, at lower velocities the fluid simply percolates through the void 

https://www.sciencedirect.com/topics/engineering/fluidization
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spaces between particles and this is known as a fixed bed. When displacement of particles occurs 

by increasing the flow rate of the fluid, it is known as an expanded bed. Particles are suspended at 

a higher velocity in the fluid. The buoyancy force acts as the balancing force between gravitational 

and drag forces when the bed is in suspended form. When the pressure drop across the bed becomes 

equal to the weight of particles, the bed is considered as fluidized and the superficial fluid velocity 

at which this situation is observed is called the minimum fluidization velocity [3]. If the velocity 

is excessive, particles are discharged from the fluidised bed. Hydraulic or pneumatic transport 

begins. This is known as an conveying bed [4]. Fluidization regimes in a gas-solid fluidized bed 

is presented    in Figure 1 [5].   

 

 
Figure 1: Fluidization regimes in a gas-solid fluidized bed [5] 

 

Fixed bed and minimum fluidization regimes are given again in Figure 2 (a,b). In liquid-solid 

systems, an increase in flow rate above minimum fluidization usually results in a smooth, 

progressive expansion of the bed. Gross flow instabilities are damped and remain small, and 

heterogeneity, or large-scale voids of liquid, are not observed under normal conditions. A bed such 
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as this is called a particulately fluidized bed, a homogeneously fluidized bed, or a smoothly fluidized 

bed; see Fig. 2(c). In gas-solid systems, such beds can be observed only under special conditions 

of fine light particles with dense gas at high pressure. Generally, gas-solid systems behave quite 

differently. With an increase in flow rate beyond minimum fluidization, large instabilities with 

bubbling and channeling of gas are observed. At higher flow rates, agitation becomes more violent 

and the movement of solids becomes more vigorous. In addition, the bed does not expand much 

beyond its volume at minimum fluidization. Such a bed is called an aggregative fluidized bed, a 

heterogeneous fluidized bed, or a bubbling fluidized bed; see Fig. 2(d). In a few rare cases, liquid-

solid systems also behave as bubbling beds. This occurs only with very dense solids fluidized by 

lowdensity liquids. Both gas and liquid fluidized beds are considered to be dense-phase fluidized 

beds as long as there is a fairly clearly defined upper limit or surface to the bed. Both gas and 

liquid fluidized beds are considered to be dense-phase fluidized beds as long as there is a fairly 

clearly defined upper limit or surface to the bed. In gas-solid systems, gas bubbles coalesce and 

grow as they rise, and in a deep enough bed of small diameter they may eventually become large 

enough to spread across the vessel. In the case of fine particles, they flow smoothly down by the 

wall around the rising void of gas. This is called slugging, with axial slugs, as shown in Fig. 2(e). 

For coarse particles, the portion of the bed above the bubble is pushed upward, as by a piston. 

Particles rain down from the slug, which finally disintegrates. At about this time another slug 

forms, and this unstable oscillatory motion is repeated. This is called aflat slug; see Fig. 2(f). 

Slugging is especially serious in long, narrow fluidized beds. When fine particles are fluidized at 

a sufficiently high gas flow rate, the terminal velocity of the solids is exceeded, the upper surface 

of the bed disappears, entrainment becomes appreciable, and, instead of bubbles, one 

observes a turbulent motion of solid clusters and voids of gas of various sizes and shapes. This is 

the turbulent fluidized bed, shown in Fig. 2(g). With a further increase in gas velocity, solids are 

carried out of the bed with the gas. In this state we have a disperse-, dilute-, or lean-phase fluidized 

bed with pneumatictransport of solids; Fig. 2(h)  [6].  
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Figure 2: Various forms of contacting of a batch of solids by fluids [6] 

 

Forms of fluidized bed: 

The following forms of fluidised bed may occur:  
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A-Homogeneous fluidised bed: As the flow velocity of the fluid increases, a uniform volumetric 

dilation of the fluidised bed occurs. The solid particles are evenly distributed across the entire 

layer. In reality, behaviour of this kind is to be observed only in liquids when using particles of 

equal size.  

B-Inhomogeneous fluidised bed: Classification or sorting processes take place in the fluidised bed. 

Specifically heavier particles are enriched in the lower zone. When using gases as the fluid, 

bubbling almost always occurs in the fluidised bed. The bubbles are free of solids. Smaller bubbles 

merge on their way to the surface to form larger bubbles. At the surface they burst. The surface of 

the fluidised bed looks like a boiling liquid.  

C-Channeling: If a fine-grained bulk solid is used as the solid, and if the individual particles adhere 

to each other, formation of a fluidised bed may not occur. Instead, flow channels are created. There 

is no flow through the surrounding zones. With such solids, a fluidised bed can only be created by 

additional stirring [4].  

 

 
Figure 2: Forms of fluidized bed (A: homogenous, B:inhomogenous/bubbling, C:channelling [7].  

 

Application of fluidized bed: 

Fluidized bed systems have wide application as dryers, roasters, calciners, classifiers, and reactors 

within the metallurgical, chemical, oil and gas, and pharmaceutical industries [7]. They are used 

for physical processes like mixing, classifying, drying, blanching, roasting, coating, granulation, 

agglomeration, adsorption, pneumatic transport and heating and cooling of bulk solids. The plants 
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for combustion, pyrolysis, gasification, gas cleaning, water purification, cracking and reforming 

of hydrocarbons, Fischer-Tropsch synthesis, polyethylene manufacturing, limestone calcining, 

aluminum anhydride production, granulation, vinil-chloride production, combustion of waste, 

nuclear fuel preparation, combustion of solid, liquid and gaseous fuels, catalytic or gas-solid 

reactions belong to chemical fluid bed processes. During the last years fluid beds have been applied 

more commonly for the processes of environmental technology, for example adsorptive or 

absorptive gas cleaning or for the fluidization of immobilized micro-organisms in the liquid phase 

for the production of active substances in the cleaning of sewages [8]. Moreover, reacting an active 

bed material solid with a gaseous component is a common application of fluidized beds, e.g., 

chemical looping combustion, combustion, gasification, fluid catalyst cracking, and chemical 

looping reforming [9]. Fluid bed granulation in particular is very common as it has important 

advantages over other types of granulators including good heat and mass transfer, temperature 

homogeneity, mechanical simplicity and one-pot processing capabilities. In this process 

atomizable liquids (e.g., suspensions, solutions, emulsions or melts) can be converted into free-

flowing granular solids by integration of a number of processes like wetting, drying, size 

enlargement by agglomeration, shaping and homogenization or separation into a single step of the 

process chain by using high heat and mass transfer. Another common fluid bed application is 

particle coating in fluid beds. It is a flexible and versatile process commonly used in the 

manufacture of many pharmaceutical and biotechnological products [8]. Fluid bed technology 

helps in achieving fast and uniform coating using air to mix, coat and dry the substrate at the same 

time [10].  

 

2. Conclusion 

 

Fluidization is a versatile technique for bringing about intimate contact between finely divided 

solids and a fluid. Multiphase flow and fluidization of fine particles has a wide application in the 

industry. The industrial fluidized bed process ranges from simple applications like drying, cooling, 

pneumatic transport of powders, etc. to more complex chemical reactors for oil cracking, coating 

of solids in a fluidized bed, combustion or gasification of coal or biomass, etc. The list of the 

fluidized bed application is long, along with the challenges the industry is facing with fluidization 

of such fine powders. Understanding the physical properties and flow characteristic of particles is 
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key when designing and operating such fluidized bed units. However, the relevance of fluidization 

to food processing was recognised at an early stage. It is possible to operate a fluidized bed in 

either batch or continuous mode. The phenomena of rapid particle movement and the intimate 

contact between solids and at least a portion of the gas give rise the use of fluidization technic in 

various industrial systems. The use of a fluidized bed for the drying, blanching and roasting of of 

various nuts is resulting in improved quality compared to traditional methods. It can be expected 

that fluidization technic will be gaining more importance in our environment generally.   
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Abstract 

 

In this study, the effects of different salt concentrations on germination and seedling development 

of Italian ryegrass were investigated and seeds of Lolium multiflorum were sown. Different 

concentrations of NaCl2 (0, 250, 750, 2250, 5000, 10000 ppm) were used. The study was carried 

out in Kahramanmaraş Sütçü İmam University, Faculty of Agriculture, Department of Field Crops 

in Medicinal and Aromatic Plants Laboratory at a temperature of 15℃. The experiment was laid 

out in completely randomized design (CRD) with three replications. Observations were made at 

the same time each day. Root length exceeding 1 mm were considered to be germinated. Seeds 

were monitored in the air conditioning cabinet for 14 days and then different properties such as 

germination percentage, seedling length, radicle length, plumule length, seedling fresh and dry 

weight were investigated. The differences between the averages of all the properties examined 

were significantly affected by the salt concentrations applied. The differences between salt 

concentrations were statistically significant. In terms of properties examined, salt concentrations 

of 250, 750 and 2250 ppm promoted germination and seedling development. At doses above 2250 

ppm, lower values were obtained. While the lowest germination rate (7%) was obtained in 10000 

ppm application, seedling development stopped completely. 

 

Keywords: Germination, Lolium, Salt stress, Vigour index. 
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1. Introduction 

 

Salinization is one of the major threats to agriculture worldwide, and is a major escalating 

problem. Globally, 1 billion hectares of land is negatively affected by salinity and of all irrigated 

arable land more than 20% or 63 million ha of the cultivable land is salt affected (Ghassemi et al., 

1995, Qadir et al., 2014, Hasanuzzaman et. al., 2017). This number increases with 2000 ha every 

day and crop damage in the irrigated areas is estimated at US$ 27.3 billion every year (Qadir et 

al., 2014). Due to climate change and anthropogenic activities, the salt affected area is tended to 

increase day by day (Munns and Tester, 2008). Abiotic stresses (including salinity) are accountable 

for more than 50% yield reduction (Acquaah, 2007). Plants differ in salt resistance. Even within 

the same variety, there are distinctions. Almost all soils, along with the rainy areas, contain some 

salt. However, the concentration of salts does not exceed 0.4 grams in 1 liter of soil water. The 

main source of salt accumulated in the soil is irrigation water. For example, an irrigation water 

containing 250 ppm of soluble salt will leave 2500 kg of salt per hectare after 1000 mm of 

application. If the accumulated salts cannot be removed from the root zone, salt accumulation in 

the profile is inevitable even if the quality of the water is good (Savcı, 2019). Salt balance in the 

plant root zone depends on irrigation water requirement, water quality, irrigation program, soil and 

climate characteristics. The salt resistance limits of many cultivated plants are known. In general, 

crops produce lower yields at higher salinity levels. Decreased germination percentage, reduced 

growth, altered reproductive behavior, and reduced yield are general effects on plants under salt 

stress (Turan et al., 2009). Under salt stress, hyperosmotic and hyperionic (ion toxicity) stresses 

occur due to low water potential of soil and excess sodium ion accumulation within the plant. Ionic 

stress is also associated with nutritional imbalance (Hajihashemi et al., 2009, Huang et al., 2010). 

Altered enzymatic activity, disrupted photosynthesis, oxidative stress, disrupted biomembrane 

structure and function, damage of ultrastructural cellular components, and hormonal imbalance are 

some reasons for decreasing overall growth and development of plants under salt stress (Çelik and 

Atak, 2012, Hasanuzzaman et al. 2014). Salinity is one of the most devastating abiotic stresses 

having enormous negative effects on morphological, physiological, and biochemical attributes of 

plant including germination, growth, water uptake, photosynthesis, nutrient uptake, enzymatic 

activities, and yield. Higher salinity causes lower germination rate, photosynthesis, transpiration, 

and higher accumulation of Na+ and Cl− ions which disturb the normal metabolic processes of a 
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lot of plants (Hasanuzzaman et al., 2017). A number of studies revealing the effects of salt stress 

on different plant cultivars, among which some are tolerant and some susceptible to salt stress. 

Salinity problems are encountered in many regions in Turkey. Therefore, there is a need to identify 

plants suitable for the regions where this problem occurs. Farmers do not know anything about 

this issue.  This study in accordance with requests from farmers was conducted to understand the 

level of salinity that Lolium multiflorum can tolerated. 

 

2. Material and Method 

 

The pre-treatments and bioassay were conducted in the incubator of the Kahramanmaras 

Sutcu Imam University, Faculty of Agriculture, Department of Field Crops Laboratory during 

February 2019. The study was carried out according to the completely randomized design (CRD) 

with four replications, each Petri dish being a replication. The Lolium multiflorum seeds used in 

the study were sterilized in 5% NaClO (sodium hypochlorite) solution for 5 minutes and then 

rinsed with distilled water. Different salt concentrations doses (0, 250, 750, 2250, 5000 and 10000 

ppm) were added to Petri dishes. These seeds were divided into 25 seeds in each Petri dish (90 

mm diameter) and the 10 ml distilled water was added to all Petri dishes. All Petri dishes were 

closed with lids and incubated in the dark at 15℃ for 14 days and the germination rate and seedling 

growth properties were measured. During the experiment, every day all Petri dishes were 

controlled. 

Germination rate, radicle length, plumula length, seedling fresh weight, seedling dry weight, 

vigour index values and salt tolerance index were measured. The germination rate was found by 

dividing the germinated seeds by the total number of seeds and then multiplying by 100 (Maquire, 

1962). Radicle and plumula lengths were measured separately and then both lengths measured for 

seedling length (Anonymous, 1984). The radicle and plumula were freshly weighed and the 

seedling fresh weight was measured then they incubated at 78 ℃ for 24 hours and weighed to 

determine the seedling dry weights (Anonymous, 1984). Vigour index was determined by 

multiplying seedling rate by germination rate (Abdul-Baki ve Anderson, 1973; Anonymous, 

1983).  
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Statistical analyses are summarized in Table 1 and 2 and Figure 1. For the Petri dish bioassay, 

analysis of variance (ANOVA) was performed using SAS (SAS, 2002) to determine the main 

effect of applications. Also, ANOVA was used to find the effect of seed germination with different 

salt concentrations. The mean comparisons were made using LSD at p≤0.01 between treatments 

(Steel and Torrie, 1980). 

 

3. Results and Discussion 

 

Germination is one of the most important and vital processes of plant life cycle. It is the 

determinant of the subsequent growth and yield characteristics of plants. The effect of salinity on 

germination rate of Lolium multiflorum was significant (Table 1). The highest seed germination 

was observed at 750 ppm application (98%) when the lowest germination at 10000 ppm 

application (6.67%). To a certain level of salinity, germination appears to be encouraged. After 

750 ppm, there was decreasing trend in the germination of Lolium multiflorum when the 

concentration of NaCl was increased. Salinity showed a negative effect on the germination 

percentage after 2250 ppm concentration of NaCl. A sharp decline was observed in 5000 ppm 

concentration of NaCl. Also, germination was greatly inhibited at 5000 and 10000 ppm 

concentration of NaCl (Table 1 and Figure 1). Tilaki et al. (2010) reported that the application of 

NaCl pretreatment in cane ball encourages germination in saline conditions. 

The radicle length of Lolium multiflorum also were significantly (p≤0.01) affected by salinity 

levels (Tables 1). Below the NaCl concentration of 5000 ppm, maximum radicle length was 

observed (Table 2 and Figure 1). There was no seedling growth at 10000 ppm concentration of 

NaCl while the lowest radicle length was recorded at 5000 ppm. The seedling growth may have 

been reduced due to less absorption of water by radicle and high soluble salt concentration in the 

cells. Therefore, the high concentration of NaCl in the soil significantly affects the growth of 

Lolium multiflorum. The highest radicle length was observed at 750 ppm application (5.22 cm) 

when the lowest radicle length at 5000 ppm application (1.41 cm). Seedling growth did not occur 

at a concentration of 10000 ppm NaCl. At 750 ppm application, 1.96 times longer radicle length 

was obtained than the control application. Radicle elongation to a certain level of salinity appears 

to be encouraged. Tatar et al. (2018) reported that increasing salt concentrations adversely affect 

the radicle length of perennial grass by 88% compared to control. Çavuşoğlu and Kabar (2008) 
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found that the growth of radicle in salty conditions is encouraged and this was due to the pre-

treatment of the seeds. 

 

Table 1. The Average GR, RL, PL and SL Values for Lolium multiflorum Lam. in Different Salinity 

Levels 

Different Salt 

Concentrations 

(ppm) (mg l-1 NaCl) 

GR 

(%) 

RL 

(cm) 

PL 

(cm) 

SL 

(cm) 

** ** ** ** 

0 84.33 ab 2.66 bc 10.62 a 13.28 c 

250 85.00 ab 3.18 b 10.65 a 13.83 bc 

750 98.00 a 5.22 a 10.89 a 16.11 a 

2250 84.33 ab 3.96 ab 11.32 a 15.28 ab 

5000 69.00 b 1.41 cd   6.28 b   7.69 d 

10000   6.67 c None none none 

Mean 71.22 2.73 8.29 11.03 

LSD 24.65 1.59 1.02 1.71 

CV (%) 19.11 31.89 6.79 8.52 

**Significant at P≤0.01; GR: Germination Rate; RL: Radicle length; PL: Plumula Length; SFW: 

Seedling Fresh Weight; SDW: Seedling Dry Weight; VI: Vigour Index, STI: Salt Tolerance Index 

Means with the same letter are not significantly different within each characteristic. 

The plumule length of Lolium multiflorum also were significantly (p≤0.01) affected by 

salinity levels (Tables 1). Maximum plumule length was obtained at all doses below 5000 ppm 

(Table 1 and Figure 1). Again, there was no seedling growth at 10000 ppm concentration of NaCl 

while the lowest radicle length was recorded at 5000 ppm. The seedling growth may have been 

reduced due to less absorption of water by radicle and high soluble salt concentration in the cells. 

Therefore, the high concentration of NaCl in the soil significantly affects the growth of Lolium 

multiflorum. The highest plumule length was observed at 2250 ppm application (11.32 cm) when 

the lowest plumule length at 5000 ppm application (6.28 cm). Seedling growth did not occur at a 

concentration of 10000 ppm NaCl. The mean values obtained at 0, 250, 750 and 2250 ppm NaCl 

were in the same statistical group. As in the radicle length, plumule elongation to a certain level 

of salinity appears to be encouraged. Tatar et al. (2018) reported that plumule length decreased due 

to increasing salt concentrations, whereas 15 dS m-1NaCl salinity level encourages plumule 

length. 

The seedling length of Lolium multiflorum also were significantly (p≤0.01) affected by 

salinity levels (Tables 1). At all doses below 5000 ppm the maximum seedling length was obtained 

depending on the radicle and plumule length (Table 1 and Figure 1). Again, there was no seedling 
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growth at 10000 ppm concentration of NaCl while the lowest seedling length was recorded at 5000 

ppm. The seedling growth may have been reduced due to less absorption of water by radicle and 

high soluble salt concentration in the cells. Therefore, the high concentration of NaCl in the soil 

significantly affects the growth of Lolium multiflorum. The highest seedling length was observed 

at 750 ppm application (16.11 cm) when the lowest germination at 5000 ppm application (7.69 

cm). Seedling growth did not occur at a concentration of 10000 ppm NaCl. The mean values 

obtained at 750 and 2250 ppm NaCl were in the same statistical group. Seedling length to a certain 

level of salinity appears to be encouraged. 

 

Table 2. The Average SFW, SDW, VI and STI Values for Lolium multiflorum Lam. in Different Salt 

Concentrations 

Different Salt 

Concentrations 

(ppm) 

SFW 

(g) 

SDW 

(g) 

VI STI 

(%) 

** ** ** ** 

0 0.1842 b 0.0196 b 1121 b 100.00 b 

250 0.2969 a 0.0247 a 1157 b 126.08 a 

750 0.2985 a 0.0249 a 1574 a 127.33 a 

2250 0.2969 a 0.0241 a 1287 b 123.38 a 

5000 0.1649 b 0.0132 c   511 c   55.67 c 

10000 none none none none 

Mean 0.2032 0.0174 942 88.74 

LSD 0.08 0.0039 220.61 24.44 

CV (%) 22.10 12.36 12.87 16.72 

**Significant at P<0.01; SFW: Seedling Fresh Weight; SDW: Seedling Dry Weight; VI: Vigour Index, 

STI: Salt Tolerance Index 

Means with the same letter are not significantly different within each characteristic. 

The seedling fresh weight of Lolium multiflorum also were significantly (p≤0.01) affected 

by salinity levels (Tables 2). At all doses below 5000 ppm the maximum seedling fresh weight 

was obtained (Table 2 and Figure 1). Again, there was no seedling growth at 10000 ppm 

concentration of NaCl while the lowest seedling fresh weight was recorded at 5000 ppm. 

Therefore, the high concentration of NaCl in the soil significantly affects the growth of Lolium 

multiflorum. The highest seedling fresh weight was observed at 750 ppm application (0.2985 g) 

when the lowest germination at 5000 ppm application (0.1649 g). The mean values obtained at 

250, 750 and 2250 ppm NaCl were in the same statistical group. Seedling fresh weight to a certain 

level of salinity appears to be encouraged. 
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The seedling dry weight of Lolium multiflorum also were significantly (p≤0.01) affected by 

salinity levels (Tables 2). At all doses below 5000 ppm the maximum seedling dry weight was 

obtained (Table 2 and Figure 1). Again, there was no seedling growth at 10000 ppm concentration 

of NaCl while the lowest seedling dry weight was recorded at 5000 ppm. Therefore, the high 

concentration of NaCl in the soil significantly affects the growth of Lolium multiflorum. The 

highest seedling dry weight was observed at 750 ppm application (0.0249 g) when the lowest 

germination at 5000 ppm application (0.0132 g). The mean values obtained at 250, 750 and 2250 

ppm NaCl were in the same statistical group. Seedling dry weight to a certain level of salinity 

appears to be encouraged. 
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Figure 1. Germination (a), radicle length (b), plumula length (c), seedling length (d), seedling fresh weight 

(e), seedling dry length (f), vigour index (g) and salt tolerance index (h) of Lolium multiflorum as affected 

by different salt concentrations. 

The level of activity and performance of seeds during germination and seedling emergence 

was expressed by vigor index. Salt concentrations significantly affected the vigor index of Lolium 

multiflorum. Compared to all treatments, 750 ppm application had the maximum vigor index 

(1574) which was followed by 1287 in 2250 ppm NaCl concentration. The vigor index of Lolium 

multiflorum seeds was significantly decreased due to higher levels of salinity (Table 2 and Figure 

1). Seedling growth did not occur at a concentration of 10000 ppm NaCl. In studies conducted in 

saline conditions, studies have shown that the vigor index value increases to a certain extent. Tilaki 

et al., (2010), the increase in germination and vigor index after NaCl pre-treatment may be due to 

the increase in cell division reported. 

The different salt concentrations applied in the study affected the salt tolerance index of 

Lolium multiflorum and the highest value was obtained from 127.33 ppm application. The salt 

tolerance index gradually increased due to increasing salt concentrations. Salt tolerance index 

decreased to 55.67 at 5000 ppm application. There was no seedling development at 10000 ppm 
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application (Table 2 and Figure 1). Kuşvuran et al. (2015) and Tatar et al. (2018) reported that the 

salt tolerance index gradually decreased due to the increase in salt concentration. 

 

4. Conclusion 

 

As a result of this study, the effects of irrigation waters with different salt concentrations on 

germination and seedling growth of Lolium multiflorum were found to be statistically significant. 

The differences were observed in determining the salt tolerance of the Lolium multiflorum between 

the growth parameters and the reduction of radicle and plumule lengths. Salinity positively 

affected all investigated properties for Lolium multiflorum at a certain rate. Especially, it has been 

observed that germination and seedling growth up to 2250 ppm salinity level has a positive effect. 

Although very low germination rate was observed at 10000 ppm salt concentration, seedling 

growth was completely prevented. Lolium multiflorum can be grown as an alternative plant in areas 

with salinity problems and in areas where irrigation water is saline. 
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Abstract 

 

In this study, the effects of different salt concentrations on germination and seedling development of barley were 

investigated. Seeds of three varieties of barley (Akhisar 98, Sancak and Sahinbey) were used in the experiment. 

Different concentrations of NaCl2 (0, 250, 750, 2250, 5000, 10000 ppm) were used. The study was carried out in 

Kahramanmaras Sütcü Imam University, Faculty of Agriculture, Department of Field Crops in Medicinal and 

Aromatic Plants Laboratory at a temperature of 20℃. The experiment was laid out in completely randomized design 

(CRD) with three replications. Observations were made at the same time each day. Root length exceeding 1 mm were 

considered to be germinated. Seeds were monitored in the air conditioning cabinet for 14 days and then different 

properties such as germination percentage, seedling length, radicle length, plumule length, seedling fresh and dry 

weight were investigated. The differences between the averages of some properties examined were significantly 

affected by the salt concentrations applied. The response of the varieties to the salt varied. It was observed that all 

barley varieties provide germination and seedling development at all salt concentrations applied. In all varieties, the 

lowest values were obtained at dose of 10000 ppm. 

 

Keywords: Germination, Barley, Salt stress, Vigour index. 
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1. Introduction 

 

Barley (Hordeum vulgare L.) can be planted around the world and has a wide variety. It is 

used primarily as animal food and malt. It is the fourth most important grain barley, after wheat, 

rice and corn in terms of its worldwide production and surface area (Yürük, 2012). Salinity; It is 

the event that soluble salts which are washed and mixed into the ground water, rise to the soil 

surface through capillarity together with high ground water and accumulate on the soil surface by 

evaporation of water. Salt stress is one of the most important abiotic stress factors that restrict crop 

production, especially in arid and semi-arid regions (Bayat et al., 2014; Aycan, 2018; Nawaz, 

2013). As reported in Aycan (2018), although all plant species exhibit significant growth inhibition 

at high salt concentrations, there are significant differences between species and varieties in terms 

of growth and productivity (Munns, 2002). According to Benlioglu and Ozkan (2015), salinity is 

the abiotic stress factor that most restricts agricultural production after drought. Today in the world 

of crop production areas 15-20% and about 20-50% of irrigated agricultural areas are affected by 

salinity (Pitman and Läuchli 2002; Tuteja 2007). Salinity stress in the form of osmotic stress and 

ion stress in plants, it leads to structural, physiological, biochemical and molecular level changes 

by preventing growth and development in the plant (Çulha ve Çakırlar 2011). Effects of salt stress 

on plants; the type of plant, the amount of salt applied and the duration of exposure. In saline 

environments, plants give very different responses depending on genotypic differences (Dajic 

2006). These different growth responses to salinity can vary not only for two different plant 

species, but also for different varieties of the same species (Munns 2002). Salt stress can directly 

kill the plant, it prevents growth depending on the salt tolerance of the plant and the salt 

concentration of the environment, causing chlorophyll and membrane breakdown starting from 

old leaves. As with many other stress factors, plants under salt stress close their stomata to reduce 

water loss, thereby preventing the introduction of CO2 gas (Aycan 2018). Seed germination test is 

highly recommended for toxicological monitoring due to its sensitivity, simplicity, low cost and 

applicability under different conditions (Siddiqui et al. 2011; Derya 2012). This study was carried 

out to determine the effect of different salt concentrations on germination and seedling growth of 

three barley varieties. 

 

 

2. Material and Methods 
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The pretreatment and bioassay were conducted in the incubator of the Kahramanmaras Sutcu 

Imam University, Faculty of Agriculture, Department of Field Crops Laboratory during February 

2019. The study was carried out according to the completely randomized design (CRD) with four 

replications. The seeds of barley cultivars used in the study were sterilized in 5% NaClO (sodium 

hypochlorite) solution for 5 minutes and then rinsed with distilled water. Different salt 

concentrations doses (0, 250, 750, 2250, 5000 and 10000 ppm) were added to Petri dishes. These 

seeds were divided into 25 in each Petri dish (90 mm diameter) and the 10 ml salt consantrations 

were added to all Petri dishes. All Petri dishes were closed with parfilm to prevent salt accumilation 

and incubated in the dark at 20°C for 10 days and the germination rate and seedling growth 

properties were measured. During the experiment, every day all Petri dishes were controlled. 

Germination rate, radicle length, plumula length, seedling fresh weight, seedling dry weight and 

vigour index values were measured. The germination rate was found by dividing the germinated 

seeds by the total number of seeds and then multiplying by 100 (Maquire 1962). Radicle and 

plumula lengths were measured separately and then both lengths measured for seedling length. 

The radicle and plumula were freshly weighed and the seedling fresh weight was measured then 

they incubated at 78 ° C for 24 hours and weighed to determine the seedling dry weights. Vigour 

index was determined by multiplying seedling rate by germination rate (Abdul-Baki ve Anderson 

1973). The datas in the study were subjected to variance analysis using SAS 9.3 statistical program 

(SAS 9.3, 2013). The averages were compared according to the LSD test (Steel and Torrie, 1980). 

 

3. Result and Discusion 

 

3.1. Germination Rate (%) 

 

The difference between cultivars and different salt concentration was statistically significant. 

Among the varieties in terms of germination rate, Sancak and Sahinbey are more resistant than 

Akhisar 98 to salt. The lowest germination rate (60.22%) was obtained between salt concentrations 

at 10000 ppm, while 750 ppm application increased germination (92.66%). In Akhisar 98, the 

highest germination rate was found in 750 ppm application (95.33%), in Sancak 250 ppm (96%) 

and Sahinbey is the highest germination rate was found in 2250 ppm applications (98.66%). The 

lowest germination rate was found in 10000 ppm in all cultivars.  In Akhisar 98 (26.33%), in 

Sancak (78.33%) and in Sahinbey (76.00%) (Table 1). As stated in Benlioglu and Ozkan (2015), 
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high salt concentration is the reason of insufficient germination by decreasing nutrient 

consumption of seed seeds during germination period (Sultana et al. 2000). 

 

 

 

 

3.2.Radicle Length (cm) 

 

The difference between cultivars, different salt concentration and cultivar x salt 

concentration interaction were statistically significant. In terms of radicle length, it is seen that 

Akhisar 98 is more resistant than Sancak and Sahinbey to salt. The lowest radicle length (1.92 cm) 

was obtained for salt concentration 10000 ppm, while the highest radicle length was obtained from 

250 to 2250 ppm applications (6.87 cm, 7.33 cm and 6.90 cm).  

 
Table 1. The average values of GR, RL, PL, SL, SFW, SDW and VI for salt concentrations 

  GR (%) RL 

(cm) 

PL (cm) SL 

(cm) 

SFW 

(g) 

SDW 

(g) 

VI 

  ** ** ** ** ** ** ** 

Cultivars 

Akhisar 

98 

67.61 b 6.54 a 10.17 a 16.71 a 1.92 c 1.21 c 616.67 b 

Sancak 89.16 a 4.80 b 7.55 b 12.36 b 2.49 b 1.58 a 888.11 a 

Sahinbey 85.66 a 5.15 b 7.48 b 12.63 b 2.76 a 1.45 b 886.28 a 

LSD 5.18 0.85 1.61 2.22 0.21 0.09 172.04 

  ** ** ** ** ** ** ** 

NaCI2 

Concentratio

ns 

(ppm) 

0 78.77 c 5.54 b 8.50 b 14.04 b 2.38 c 1.42 a 715.3 b 

250 86.66 b 6.87 a 10.93 a 17.81 a 2.57 bc 1.51 a 1063.4 a 

750 95.22 a 7.33 a 11.51 a 18.84 a 2.89 a 1.47 a 1275.0 a 

2250 92.66 ab 6.90 a 11.67 a 18.58 a 2.85 ab 1.48 a 1206.3 a 

5000 71.33 d 4.42 b 5.40 c 9.83 c 2.07 d 1.40 a 373.8 c 

10000 60.22 e 1.92 c 2.39 d 4.31 d 1.59 e 1.20 b 148.2 c 

LSD 7.32 1.20 2.27 3.14 0.30 0.13 243.3 

 ** ** ** ** ** ns ** 

Akhisar 98 

0 72.00 e 7.54 ab 12.34 ab 19.88 ab 1.86 f-g 1.19 701.00 d-h 

250 80.00 b-

e 

7.53 ab 10.34 b 17.87 b 1.99 e-f 1.22 715.33 d-h 

750 95.33 a-

c 

7.60 ab 9.72 b 17.32 b 2.09 d-g 1.30 826.00  c-g 

2250 89.66 a-

d 

7.46 ab 13.00 ab 20.47 ab 2.55 b-f 1.37 973.66 b-f 

5000 42.33 f 7.11 ab 11.56 ab 18.67 ab 1.88 e-h 1.16 404.00 g-ı 

10000 26.33 f 2.01 g 4.05 cd  6.07 de 1.18 h 1.04 80.00 ı 
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Sancak 

0 88.00 b-

e 

5.20 b-e 9.13 bc 14.33 bc 2.73 b-d 1.59 999.33 b-e  

250 96.00 ab 7.26 ab 11.92 ab 19.18 ab 2.87 bc 1.62 1441.66  b 

750 93.00 a-

c 

4.99 b-f 8.24 bc 13.24 b-

d 

2.42 b-g 1.54 988.66 b-e 

2250 89.66 a-

d 

6.78 ab 12.01 ab 18.79 ab 2.93 b 1.63 1326.00 bc 

5000 89.33 a-

d 

3.14 d-g 2.84 d 5.99 de 2.20 c-g 1.66 416.66 f-ı 

10000 78.33 c-

e 

1.44 g 1.19 d 2.64 e 1.82 gh 1.45 156.33 hı 

Sahinbey 

0 76.33 de 3.88 c-g 4.03 cd 7.91 c-e 2.57 b-e 1.48 445.66  e-ı 

250 84.00 a-

e 

5.83 b-d 10.55 b 16.38 b 2.85 bc 1.70 1033.33  b-

d 

750 96.66 ab 9.40 a 16.56 a 25.97 a 4.17 a 1.58 2010.33  a 

2250 98.66 a 6.48 bc 10.00 b 16.48 b 3.08 b 1.43 1319.33  bc 

5000 82.33 a-

e 

3.00 e-g 1.82 d 4.82 e 2.13 d-g 1.39 300.66 g-ı 

10000 76.00 de 2.29 fg 1.92 d 4.22 e 1.78 gh 1.13 208.33  hı 

 Mean 80.81 5.50 8.40 13.90 2.39 1.41 797.01  

 CV % 9.46 22.85 28.27 23.59 13.24 9.57 31.86  

**Significant at P<0.01 ns: not significant; GR: Germination Rate; RL: Radicle length; PL: Plumula 

Length; SFW: Seedling Fresh Weight; SDW: Seedling Dry Weight; VI: Vigor Index; +: Within a 

column, means followed by the same letter are not significantly different at the 0.01 level of 

probability by LSD multiple range test. 

In Akhisar 98, the highest radicle length was found in the same groups from control to 5000 ppm 

applications (7.54, 7.53, 7.60, 7.46 and 7.11 cm), in Sancak 250 ppm (7.26 cm) and 2250 ppm 

(6.78), in Sahinbey 750 ppm (9.40 cm). The lowest radicle length values were determined as 10000 

ppm all cultivars in Akhisar 98 (2.01 cm), in Sancak (1.44 cm) and in Sahinbey (2.29 cm) (Table 

1). According to Benlioglu and Ozkan (2015) a sharp decrease in root length occurred with dose 

increases of 6 g/l and above. The roots were seen to develop more at low doses, while at increased 

salt concentrations, root lengths were reported to be significantly limited compared to control 

doses. 

 

 

3.3.Plumule Length (cm) 

 

The difference between cultivars, different salt concentration and cultivar x salt 

concentration interaction was statistically significant. In terms of plumule length, it is seen that 

Akhisar 98 is more resistant than Sancak and Sahinbey to salt. The lowest plumule length (2.39 

cm) was obtained for salt concentration 10000 ppm, while the highest plumule length was obtained 
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in from 250 to 2250 ppm applications (10.93 cm, 11.51 cm and 11.67 cm). In Akhisar 98, the 

highest plumule length was found in the control, 2250 ppm and  5000 ppm application (12.34, 

13.00 and 11.56 cm), in Sancak 250 and 2250 ppm (11.92 cm) and in Sahinbey 750 ppm (16.56 

cm). The lowest plumule length values were determined as 10000 ppm all cultivars and in Akhisar 

98 (4.05 cm), in Sancak (1.19 cm) and in Sahinbey (1.92 cm) (Table 1). Similarly in Benlioglu 

and Ozkan (2015),the average shoot length of barley cultivars in 6 different NaCl doses ranged 

between 6.3-7.2 cm. The highest shoot length was obtained from the control group (9.3 cm) while 

the lowest shoot length was obtained from the dose of 15 g / l (2.3 cm). 

 

3.4. Seedling Length (cm) 

 

The difference between cultivars, different salt concentration and cultivar x salt 

concentration interaction were statistically significant. In terms of seedling length, it is seen that 

Akhisar 98 is more resistant than Sancak and Sahinbey to salt. The lowest seedling length (3.14 

cm) was obtained for salt concentrations 10000 ppm, while the highest seedling length were from 

250 to 2250 ppm applications in the same group (17.81 cm, 18.84 cm and 18.54 cm). The highest 

seedling length values in Akhisar 98 were found in the same group; control, 2250 ppm and 5000 

ppm (19.88, 20.47 and 18.67 cm), in Sancak  250 ppm and 2250 ppm applications gave the highest 

results (19.18 cm and 18.79 cm). Also in Sahinbey 750 ppm applications gave the highest seedling 

length values (25.97 cm) was observed (Table 1).  

3.5. Seedling Fresh Weight (g) 

 

The difference between cultivars, different salt concentration and cultivar x salt 

concentration interaction were statistically significant. In terms of seedling fresh weight average, 

Sahinbey is more resistant to salt than others. The lowest seedling fresh weight (1.59 g) was 

obtained at 10000 ppm application among salt concentrations while the highest seedling fresh 

weight was obtained at 750 ppm application (2.89 g). The highest seedling fresh weight value in 

Akhisar 98 was determined at 2250 ppm aplication (2.55 g). In Sancak, it was observed that the 

application of 2250 ppm gave the highest seedling fresh weight value (2.93 g) and in Sahinbey, 

750 ppm gave the highest seedling fresh weight value (4.17 g). The lowest seedling fresh weight 

were determined as 10000 ppm in all cultivars, in Akhisar 98 (1.18 g), in Sancak (1.82) and in 
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Sahinbey (1.78 g) (Table 1). As salt concentration increases, seedling freşh weight and seedling 

dry weight decreases due to dose increase. According to the results of other studies, it was stated 

that the fresh weights and dry weights of seedlings decreased due to the increase in salt 

concentrations (Benlioglu and Ozkan 2015; Karakullukçu ve Adak 2009; Saboraa et al. 2006). 

 

3.6. Seedling Dry Weight (g) 

 

 

There was statistically significant difference between cultivars, different salt concentration 

mean. In terms of seedling dry weight average, Sancak is more resistant to salt in the cultivars. 

Among the salt concentrations, the lowest seedling dry weight (1.20 g) was obtained at 10000 ppm 

application, while the highest seedling dry weight  was obtained  the same groups  (respectively 

1.42, 1.51, 1.47, 1.48 and 1.40 ) in all applications excep for 10000 ppm. There was no statistically 

significant difference in the dry weight of seedlings in cultivar x dose interaction (Table 1).  

  

3.7. Vigor Index 

 

The difference between salt concentration and cultivar x salt concentration interaction was 

statistically significant. Among the cultivars, it is seen that Sancak and Sahinbey is more resistant 

than Akhisar 98 to salt vigor index average. Among the salt concentrations, the lowest vigor index 

average were obtained at 5000 and 10000 ppm application in the same group (148.2 and 373.8), 

while the highest vigor index average was obtained from 250 to 2250 ppm applications in the same 

group (1063.4, 1275.0, 1206.3). The highest vigor index value in Akhisar 98 was determined in 

2250 ppm application (973.66). The highest vigor index value in Sancak was determined in 250 

ppm application (1441.66) and in Sahinbey, 750 ppm application gave the highest vigor index 

value (2010.33). The lowest vigor index was obtained in all cultivars 10000 ppm application 

Akhisar 98 (80.00), Sancak (156.33) and Sahinbey (208.33) (Table 1). 

In this study, it was seen that different salt concentrations significantly affected the 

parameters of barley cultivars germination and seedling development. According to germination 

rate, Sancak and Şahinbey are more resistant to salt stress than Akhisar 98. When the averages of 

salt concentrations were examined, 750 and 2250 ppm applications positively affected germination 

in all cultivars. In addition, the negative effects of 5000 and 10000 ppm salt concentrations on 

germination and seedling development were significantly higher than other salt concentrations. 
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As a result; It was determined that the tolerance of the barley seed to the salt was not high and 

could be adversely affected in the regions having salt water and salted irrigation water more than 

2250 ppm. 
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Abstract 

 

Advanced Oxidation Processes are applied effectively in the treatment of textile industry 

wastewater as well as in the treatment of many industrial wastewaters. In this study, the operational 

performance of the electro-Fenton (EF) process in the laboratory scale batch system for the real 

textile wastewater was investigated. For 13 different electrode pairs, the effect of EF process on 

Colour, TOC and COD removal efficiency was determined in experimental conditions. As anode 

material; steel, graphite felt, carbon fiber, titanium, carbon felt and graphite plate were used. The 

electrode types that give the best result among the different electrode pairs are Steel(A)-graphite 

felt(K), graphite felt(A)-graphite felt(K), graphite plate(A)-graphite plate(K). Colour, COD and 

TOC removal efficiencies for steel(A)graphite felt(K) were found to be 89%, 49% and 41% 

respectively, while graphite felt(A)-graphite felt(K) these values were 86%, 50% and 37%. Colour, 

COD and TOC removal efficiencies for graphite plate(A)-graphite plate(K) were 95%, 70% and 

44% respectively. For the 13 different electrode pairs, electrical energy efficiency, energy 

consumption and current efficiency were calculated. For Steel(A)-graphite felt(K), graphite 

felt(A)-graphite felt(K), graphite plate(A)-graphite plate(K) electrical energy efficiency was 33.11, 

36.58, 16.32 kWhm-3, energy consumption was 80.33, 89.67 and 41.63 kWhm3 and current 

efficiency was calculated as 0.603, 0.617 and 0.847. 

 

Keywords: Textile wastewater, electro-Fenton prosess, energy consumption. 
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1. Introduction 

 

Textile industry is one of the most polluting industry amongst all industrial sectors 

considering both the volume generated and the effluent composition. Dyes are the most toxic and 

hazardous compounds in textile wastewaters. Most of the dyes used in textile industries are 

synthetic and usually contain aromatic rings that make them harmful and biologically antagonistic 

compounds. This makes the treatment of textile wastewater a great environmental challenge 

(Nidheesh and Gandhimathi, 2014). 

 

Some advanced wastewater treatment technologies have been tested and are currently 

applied to enable textile wastewater treatment. Various technologies such as membrane filtration, 

adsorption, ozonation, and advanced oxidation processes (AOPs) have already been tested for the 

treatment of textile wastewater and/or textile dye removal from synthetic solutions (Ribeiro et al., 

2017). 

Recently, Advanced Oxidation Processes (AOPs) have become a prominent treatment 

method due to their efficacy in the treatment of wastewater containing synthetic organic 

compounds (Moreira et al., 2017; Oturan et al., 2014). Among the different AOPs, electro-Fenton 

has become a very interesting approach in which strong oxidants, hydroxyl radicals are produced 

by a combination of Fenton reaction and electrochemical process. In this technique, Fenton 

reagents, H2O2 and/or iron are produced continuously in an electrochemical reactor, respectively. 

Recently, several studies have been conducted to optimize the operational parameters and to design 

an electrochemical reactor capable of mineralizing organic compounds by electro-Fenton 

treatment (Meijide et al., 2018). 

 

The EF process involves the electro-generation of ferrous ions at the cathode as in Eq (2) 

and in situ generation of hydrogen peroxide at the cathode in the presence of dissolved oxygen as 

in Eq (3) (Nidheesh and Gandhimathi, 2014). 

 

Fe2+ + H2O2  → Fe3+ + OH+ + HO•      (1) 

Fe3+ + e‾ → Fe2+                  (2) 

O2 + 2H+ + 2e‾ → H2O2       (3) 
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The aim of this study is to investigate the color COD and TOC removal from real textile 

wastewater using EAOPs. Performances of different electrode pairs was compared in terms of 

color COD and TOC removal efficiency, electrical energy efficiency, energy consumption and 

current efficiency. 

 

2. Material and Method 

 

2.1. Electrode Materials 

 

Steel, graphite felt, carbon fiber, titanium and graphite plates were used as electrode material 

(Table 1). Electrodes are sized as 4.5 cm*6 cm for batch system studies. 

 

Table 1. Electrode Pairs 

Anode (A) Cathode (C) 

Steel Carbon felt 

Steel Carbon fiber 

Steel Graphite plate 

Steel Carbon felt 

Graphite felt Graphite felt 

Carbon fiber Carbon fiber 

Titanium Graphite felt 

Titanium Carbon fiber 

Titanium Graphite plate 

Titanium Carbon felt 

Graphite plate Graphite felt 

Carbon felt Carbon felt 

Graphite plate Graphite plate 

 

 

2.2. Wastewater Supply and Characterization 

 

Textile industry is located in the Tekirdağ in Marmara Region of Turkey. The industrial plant 

generates 50 m3/day domestic wastewater and 900 m3/day industrial wastewater and discharges 
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950 m3/day wastewater. The wastewater is subjected to physical, biological and chemical 

treatment and is discharged to the Kınıklı Stream after treatment. 

 

The values in the Table 2 show the change intervals and average values of the parameters 

for the wastewater samples used in the study. Wastewater discharged to surface water is exposed 

to physical, biological and chemical treatment. Samples used in the study were taken from 

biological treatment outlet. 

 

Table 2. Characterization of textile wastewater used in studies 

Parameters Range value 

pH 7.92-8.17 

COD (mg/L)  91.5-110.5 

Electrical conductivity (mS/cm)  1.602-1.720 

Color (Pt-Co)  113-158 

 

 

2.3. Experimental Method 

 

Electro-Fenton apparatus consisted of a circular cell made of 600 ml glass material. The 

required electrical current was supplied by LG brand digitally controlled DC power supply (DC 

POWER SUPPLY GP-4303D). The wastewater was mixed with a magnetic stirrer (MTOPS 

MS300HS Heated Magnetic Stirrer) for good homogenization and aerated with an aquarium pump. 

A Thermo Scientific-Orion Star A215 pH meter was used to adjust the pH values of wastewater at 

the beginning of the experiments and to measure these values instantly during and after the 

experiments. The plate dimensions are set to 4.5 * 6 cm, the thickness is negligible. The 

approximate surface area of all plate sizes was calculated to be 54 cm2. The distance between the 

plates was selected as 3 cm and a total of 2 plates (1 anode and 1 cathode) were used. Electrodes 

were connected to the power supply and the wastewater was continuously stirred with the magnetic 

stirrer (Figure 1). 
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Figure 1. Experimental apparatus 

 

Laboratory-scale batch system experiments were performed using 500 mL of textile 

wastewater. The pH of the wastewater was adjusted to the desired value using H2SO4 and NaOH. 

Experimental studies were conducted for 13 different electrode pairs at constant pH, Fe2+ dose, 

current and time and COD, TOC, Color (Pt-Co) parameters were examined. At the beginning of 

the experiments, constant Fe2+ concentration (except steel anode) was added to wastewater, then 

desired current was adjusted and electrolysis was started. After electrochemical treatment, the pH 

of wastewater was raised to 9-10 to allow the iron to precipitate as solid Fe(OH)3. Precipitation 

was achieved by the addition of Ca(OH)2. Then, the samples were centrifuged at 8000 rpm for 12 

minutes. After centrifugation, the samples were mixed with MnO2 for 30 minutes to remove 

residual H2O2. All samples were filtered with 0.45 mm syringe filters before analyses. Color (Pt-

Co), COD, TOC, pH and EC analyses were performed before and after electrochemical treatment. 

 

2.4 Experimental Equations 

 

Calculation of removal efficiency 

In all studies, the removal efficiency is calculated as in Equation 4. 

R(%)=(
𝐶𝑜−𝐶𝑒

𝐶𝑜
)*100                                                                                                  (4) 
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Here, C0 initially shows the concentration of contaminants in the wastewater (mg/L); Ce 

shows the concentration of contaminants (mg/L) remaining in the wastewater at time t. 

 

Current density calculation 

In the studies, current density is calculated as in Equation 5. 

J=
𝐼

𝐴
                                                                                                                           (5) 

Here J: Current density (A/cm2), A: Active anode surface area (cm2), I: Current intensity 

(A). 

 

Current efficiency calculation (GCECOD) 

Current efficiency is calculated as in Equation 6. 

𝐺𝐶𝐸𝐶𝑂𝐷 = 𝑛𝑂2. 𝐹. 𝑣.
𝐶𝑂𝐷0−𝐶𝑂𝐷𝑡

𝑀𝑂2.𝐼.𝑡
                                                                               (6) 

Here, 𝑛02 number of electrons required for water oxidation (4), F: Faraday constant (96485 

C/mol), ν: total solution volume (m3) in the reactor, COD0 pollutant concentration in the initial 

wastewater (g/L), the remaining pollutant concentration (g/L), Mo2: molecular weight of oxygen 

(32 g mol-1), I: applied current intensity (A), t: time (seconds). 

 

Energy consumption calculation (W) 

Energy consumption calculation under different experimental conditions is calculated as in 

equation 7. 

𝑊 =
𝑉.𝐼.𝑡

𝑣
                                                                                                                  (7) 

Here, W: represents the energy consumption value (kW-hour/m3), I: the applied current 

intensity (A), V: the potential difference in the system (Volt), t: time (hours) and ν: the total 

solution volume in the reactor (m3). 

 

Calculation of electrical energy efficiency (EEO) 

Electrical energy efficiency calculation under different experimental conditions is calculated 

as in equation 8. 
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𝐸𝐸𝑂 =
𝑃∗𝑡

𝑣𝑙𝑜𝑔(
𝐶𝑂𝐷𝑜

𝐶𝑂𝐷𝑡
)
                                                                                                      (8)  

Here P: is the rated power of the system (kW), COD0: initially the pollutant concentration in 

the wastewater (g/L), CODt: t the pollutant concentration remaining in the wastewater at the 

moment (g/L), ν: total solution volume in the reactor (m3) denotes time (hours) (Gonzalez-Olmos, 

2018). 

 

3. Results and Discussion 

 

3.1. Selection of the electrode pair to be used in the study 

 

The data obtained from the experimental studies using different electrode pairs specified in 

Table 1 are shown in Table 3 and Color(Pt-Co), COD and TOC removal efficiencies are shown in 

Figure 2. 

Table 3. Wastewater characteristics after experiments performed with different electrode pairs 

Electrodes pH EC Color 

(Pt-Co) 

COD 

(mg/L) 

TOC 

(ppmC) 

Inlet wastewater sample 8.75 2877 127 85.00 26.641 

Steel(A)-Graphite Felt(C) 3.45 6944 15 43.69 15.829 

Steel(A)-Carbon Fiber(C) 4.07 6986 18 39.63 14.917 

Steel(A)-Graphite Plate(C) 3.43 7049 22 36.73 14.222 

Steel (A)-Carbon Felt(C) 4.62 6750 17 35.43 14.385 

Graphite Felt(A)-Graphite Felt(C) 3.12 7118 18 42.82 16.772 

Carbon Fiber(A)-Carbon Fiber(C) 3.08 7142 18 35.21 16.382 

Titanium (A)-Graphite Felt(C) 5.3 6982 20 41.51 17.494 

Titanium (A)-Carbon Fiber(C) 5.49 7079 18 28.61 14.223 

Titanium(A)-Graphite Plate(C) 4.78 7078 9 36.51 13.505 

Titanium(A)-Carbon Felt(C) 5.22 7030 0 37.82 12.657 

Graphite Plate(A)-Graphite Felt(C) 3.01 7123 1 28.25 15.281 

Carbon Felt(A)-Carbon Felt(C) 3.07 7271 0 39.12 18.637 

Graphite Plate(A)-Graphite Plate(C) 2.78 7222 7 26.30 15.108 
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Figure 2. Color, COD and TOC removal efficiencies for different electrode combinations (pH: 3, 

Fe2+: 2 mM (excluding steel anode), I: 0.35 A, Na2SO4: 3 g/L, t: 60 minutes) 

 

Electro-Fenton experiments with different electrode pairs were carried out under constant 

experimental conditions. It was observed that the color removal efficiencies for all electrode pairs 

were above 85%. However, the most prominent electrode pairs for color removal are titanium-

carbon felt, graphite plate-graphite felt and carbon felt-carbon felt. COD removal efficiencies were 

over 50% and the higher COD removal electrode were obtained with graphite plate-graphite plate, 

graphite plate-graphite felt and titanium-carbon fiber. TOC removal efficiencies are around 40% 

and the higher TOC removal efficiencies were obtained with titanium-carbon felt, titanium-

graphite plate, steel-graphite plate. 

 

Successful results were obtained for titanium anode in all parameters. But, there was a need 

to increase the conductivity for the titanium anode since the desired current value could not be 

reached. The same situation was observed for carbon fiber cathode. The conductivity was 

increased by using 3 g/L Na2SO4 in order to compare electrode pairs and work at the same current. 

It was observed that the conductivity of the wastewater after Na2SO4 addition increased 2-2.5 times 
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in comparison to the conductivity of the wastewater. Therefore, these electrode pairs were not 

preferred for the continuation of the study due to the increasing conductivity. 

 

Steel(A)-graphite felt(C), graphite felt(A)-graphite felt(C), graphite plate(A)-graphite 

plate(C) electrode pairs were found suitable for the continuation of the study. Color(Pt-Co), COD 

and TOC removal efficiencies for steel(A)-graphite felt(C) electrode pairs were found to be 89%, 

49% and 41%, respectively. Color (Pt-Co), COD and TOC removal efficiencies for graphite 

plate(A) -graphite plate (C) electrode pairs were 95%, 70% and 44%, respectively. Graphite plate 

or graphite felt electrodes were used frequently and successful results were obtained (Pantoja et 

al., 2001; Yue et al., 2014; Bhatnagar et al., 2014). For example, Bhatnagar et al. (2014), conducted 

electro-Fenton experiments with graphite plate as anode and cathode material for textile industry 

wastewater treatment and they found 91% COD and 96%, color removal (Bhatnagar et al, 2014).  

 

3.2. Investigation of efficacy of Na2SO4 addition on removal efficiency 

 

For the titanium and carbon fiber anode, the desired current was not achieved and electrolyte 

was added to the system. Na2SO4 was used as electrolyte to ensure same experimental conditions 

with the other electrode pairs. Experiments were conducted with selected electrode pairs under 

constant experimental conditions (pH: 3, I: 0.55 A, t = 60 min) to determine the effect of Na2SO4 

used for the increase of current. The results of the experimental studies were given in Table 4 and 

Color (Pt-Co), COD and TOC removal efficiencies were presented in Figure 3. 

Table 4. The effect of Na2SO4 addition on the performance of the electrodes 

Electrodes pH EC Color 

(Pt-Co) 

COD 

(mg/L) 

TOC 

(ppmC) Inlet wastewater sample 8.75 2877 127 85.00 26.641 

Steel (A)-Graphite Felt (C) (Na2SO4) 3.45 6944 15 43.17 14.044 
Steel (A)-Graphite Felt (C) 2.97 3157 15 43.17 14.044 

Graphite Plate (A)-Graphite Plate (C) 

(Na2SO4) 

2.78 7222 7 26.30 15.108 

Graphite Plate (A)-Graphite Plate (C) 2.95 3442 15 18.19 13.190 

Graphite Felt (A)-Graphite Felt (C 

)(Na2SO4) 

3.12 7118 18 42.82 16.772 

Graphite Felt (A)-Graphite Felt (C) 2.97 3157 15 48.86 16.846 
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Figure 3. Effect of Na2SO4 addition on Color, COD and TOC removal by different electrode 

combinations (pH: 3, Fe2+: 2 mM (excluding steel anode), I: 0.35 A, Na2SO4: 3 g/L, t: 60 minutes) 

 

In the studies performed with and without addition of Na2SO4 for steel(A)-graphite felt(C), 

graphite felt(A)-graphite felt(C), graphite plate(A)-graphite plate(C) electrode pairs, no interaction 

was observed. 

In the literature, generally NaCl or Na2SO4 is used as electrolyte in electrochemical treatment 

experiments. Arslan-Alaton et al. (2009) used Na2SO4 instead of NaCl as the electrolyte in their 

study. They have proven experimentally that there is no increase or even some decrease in removal 

efficiency (Aygün, 2012). Similar results were obtained in the study. 

 

3.3. Energy consumption calculation 
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In the Electro-Fenton experiments performed using different electrodes, current is supplied 

to the system from an energy source at certain electrolysis times. Energy consumption for the 

experiments was calculated using the equations in Equations 5, 6, 7 and 8. 

For 13 different electrode pairs, electrical energy efficiency, energy consumption and current 

efficiency were calculated and the results were given in Table 5. 

 
Table 5. Energy consumption of different electrode combinations 

 

Electrodes J 

(A/m2) 

I 

(A) 

V 

(V) 

COD0 

(g/L) 

CODt 

(g/L) 

W 

(kWhm-3) 

GCECOD 

 

EEO 

(kWhm-3) 

Steel(A)- 

Graphite Felt(C) 

64.81 0.35 7 0.085 0.043 
4.90 0.6030 16.5568 

Steel(A)- 

Carbon Fiber(C) 

64.81 0.35 10 0.085 0.039 
7.00 0.6604 20.6884 

Steel(A)- 

Graphite Plate(C) 

64.81 0.35 6 0.085 0.036 
4.20 0.7035 11.2565 

Steel (A)- 

Carbon Felt(C) 

64.81 0.35 6 0.085 0.035 
4.20 0.7178 10.8992 

Graphite Felt(A)-

Graphite Felt(C) 

64.81 0.35 8 0.085 0.042 
5.60 0.6173 18.2905 

Carbon Fiber(A) - 

Carbon Fiber(C) 

64.81 0.35 12 0.085 0.035 
8.40 0.7178 21.7983 

Titanium (A) - 

Graphite Felt(C) 

64.81 0.35 18 0.085 0.041 
12.60 0.6317 39.7934 

Titanium (A)-

Carbon Fiber(C) 

64.81 0.35 19 0.085 0.028 
13.30 0.8184 27.5784 

Titanium(A)-

Graphite Plate(C) 

64.81 0.35 24 0.085 0.036 
16.80 0.7035 45.0262 

Titanium(A)-

Carbon Felt(C) 

64.81 0.35 22 0.085 0.037 
15.40 0.6891 42.6336 

Graphite Plate(A)-

Graphite Felt(C) 

64.81 0.35 7 0.085 0.028 
4.90 0.8184 10.1605 

Carbon Felt(A)-

Carbon Felt(C) 

64.81 0.35 7 0.085 0.039 
4.90 0.6604 14.4819 

Graphite Plate(A)-

Graphite Plate(C) 

64.81 0.35 6 0.085 0.026 
4.20 0.8471 8.1641 

 
The technical feasibility of electrochemical oxidation of wastewater is generally based on 

the removal of COD. The removed COD can be converted to the portion of the electric current 

which results in a reduction in the dissolved concentrations using the electric current. 

Current efficiency is defined as the ratio of the electricity consumed by the electrode reaction 

used to the total electricity passing through the circuit (Gonzalez-Olmos et al., 2018). In the studies 

conducted in fixed time, the current efficiency decreases as COD removal efficiency increases for 
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the determined current value. The current efficiency ranges between 0.6-0.85 for all electrode 

pairs. 

Electrode pairs with the lowest energy consumption are Steel (A) -Graphite plate (K) and 

Graphite plate (A) -Graphite plate (C). The highest energy consumption was observed in electrode 

pairs using Titanium (A). 

Electrical energy efficiency of electrochemical treatment was calculated. EEO refers to the 

electrical energy required to reduce the concentration of the pollutant by 1 degree. As the amount 

of energy consumed and COD removal efficiency increased, energy efficiency increased. The 

lowest electrical energy efficiency was obtained in the graphite plate (A) -Graphite plate (C) 

electrode pair. The highest electrical energy efficiency was observed in electrode pairs using 

titanium anode. 

For steel(A)-graphite felt(C), graphite felt(A)-graphite felt(C) and graphite plate (A)-

graphite plate(C) electrode pairs, energy consumption was 4.90, 5.60 and 4.20 kwh/m3, electrical 

energy efficiency was 16.55, 18.29 and 8.16 kwh/m3 and current efficiency was 0.60, 0.62 and 

0.85 respectively. 

 

4. Conclusion 

 

The treatment of textile industry wastewater taken from biological treatment outlet was 

investigated by electro-Fenton method which is an advanced oxidation process. In the experiments, 

pH, electrical conductivity, color (Pt-Co), COD and TOC parameters were examined and energy 

consumption was calculated under the specified experimental conditions. 

Electro-Fenton studies were conducted for 13 different electrode pairs at the constant 

experimental conditions and the removal efficiencies and energy consumption were examined. As 

a result of the studies, graphite plate, graphite felt and steel anode were found suitable. As a result 

of the studies performed with and without addition of Na2SO4 for steel (A) -graphite felt (C), 

graphite felt (A) -graphite felt (C), graphite plate (A) -graphite plate (C) electrode pairs no 

difference was observed in the removal efficiency for all parameters. 

Among the electrode pairs studied, graphite plate (A)-graphite plate(C) showed the lowest 

energy consumption, lowest electrical energy efficiency and highest current efficiency. 
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When selecting the optimum current density, the current value with the lowest energy 

consumption should be selected, not according to the highest removal efficiency. Because the high 

current amount generates both energy consumption and excess sludge formation. 
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Abstract 

 

Disposal, storage and collection of urban solid wastes without damaging to nature is one of the 

most important requirements today. In order to plan waste management, it is necessary to know 

waste characterization. In this study, firstly the actual waste management in Rize province has 

been discussed and the system has been explained in general terms. The most suitable waste 

management alternatives have been investigated within the scope of integrated waste management 

in terms of being light for decision makers. In this context, Rize waste characterization was 

determined and seasonal change of waste characterization was investigated. According to the 

research conducted for this purpose, approximately 65-75% of the Rize wastes are organic waste 

and 35-25% are recyclable waste. Moisture content was found as 68-70% on average. Lower 

calorific value was found between 3500 and 5000 kcal / kg on dry basis. In addition, the most 

appropriate methods for the reuse, recycling, recovery and final storage systems of urban wastes 

within the scope of zero waste management were determined and evaluations were made by taking 

into consideration the characterization values obtained for the reduction and disposal of the waste 

amount. 

 

Keywords: solid waste management, characterization of solid waste, disposal. 
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1. Introduction 

 

Rapid increase in population in proportion to the rapidly developing world, improvement in 

living quality, urbanization, increase in the materials being used by people and similar reasons 

cause for amounts of solid wastes to increase. While nature can eliminate most of the wastes on 

its own, certain wastes can remain in nature for a long period. Gradual increase in waste amounts 

make it difficult for nature and ecosystem to dispose the wastes (Borat, 2005). 

Solid wastes are named as per their formation places. Some of these are domestic wastes, 

urban wastes, industrial wastes, and agricultural wastes. Amounts and features of these wastes can 

vary as per development level of city, living quality of people, usage abundance, and various other 

factors. 

In order to be avoided from harmful effects of solid wastes or to keep away from them, it is 

required for solid wastes to be disposed properly. In the disposal of solid wastes, most appropriate 

methods are eliminating them by considering recycling, regaining, and economical gains. If solid 

wastes are not stored and disposed properly, they can create negative outcomes with respect to 

human health and environmental health (Adenirad et al, 2017; Ayeleru et al., 2018).  

There are various methods being applied for disposing solid wastes. In the selection of 

correct method to be applied, significance of solid waste characterization is big. Solid waste 

characterization is applied to determine waste composition and variety by realizing substance 

group analysis. Socioeconomic level of region shows variation depending on development status 

and the impact of technological developments. (Borat, 2005; Das et al., 2019; Pedeira and 

Fernandio, 2019). 

In this study, primarily the current waste management in the province of Rize has been 

evaluated and the system has been explained in general terms. In order to shed light for the most 

appropriate waste management alternatives and for decision takers within context of integrated 

waste management, waste characterization of provincial centre has been determined and seasonal 

change relating with waste characterization has been investigated.  

Current methods regarding the arrangement of solid wastes by considering recycling, 

regaining, environmental conditions, and economical gains have been evaluated (Bartolacci et al., 

2019; Minelgaite and Liobikiene, 2019; Kayakutlu et al., 2017) and information has been provided 

with regards to the advantages and disadvantages of each one of them. 
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2. Material and Method 

 

Since socioeconomic situation of each region showed variations, characterization study 

should be realized on solid waste samples being taken at certain time intervals and from different 

places. For this purpose, the province of Rize has been divided to 4 different regions with respect 

to socioeconomic structure. These regions are Tophane quarter, representing segment with low 

level, Yenikoy quarter representing segment with middle income level, Fener quarter representing 

segment with high income level, and Merkez region representing the bazaar region. Analysis of 

samples being taken were realized in accordance with Solid Waste Characterization Analysis 

Method of T.R. Ministry of Environment and Urbanization. Characterization process has been 

realized in a way to represent the seasons of summer, autumn, winter, and spring. Solid waste 

characterization studies have been realized at transfer station in the province of Rize. During the 

process, samples being taken from regions of low, middle, and high income levels and the bazaar 

region have been separately mixed and it was worked to make them become homogeneous. By 

taking minimum 20-30 kg of solid wastes from each region, characterization process has been 

realized. 

In order to realize solid waste characterization, materials such as weighing machine, 

container, plastic cover, gloves, glasses, boot, broom, shovel, rake, notebook, pencil have been 

obtained and they have been brought to the area. Before starting to proceed, people who would 

realize the separation process were warned that there may be hazardous substances within wastes 

such as glass pieces, syringe, nails, cutting tools and necessary measures were taken by obtaining 

gloves, masks and similar ones. Hazardous wastes were gathered in a separate place and they were 

taken under control. Solid wastes regarding which characterization process would be realized, have 

been brought to the area without being compressed. In the province of Rize, solid wastes are 

collected without separation at their sources (Anonyms, 2018). 

Characterization studies being conducted in the province of Rize are shown in Figure 1. 
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Figure 1. Characterization of Solid Wastes in Rize 

Samples have been sent to TUBITAK Marmara Research Centre Energy Institute Laboratory 

for biomass analysis and group analysis being ash, volatile substance, fixed carbon, total sulphur, 

lower and upper calorific value. Before the samples were delivered for being analysed, they were 

dehumidified for 3 days at 60oC and then, they were made subject to preliminary processing by 

being grinded. Moisture analysis has been made on the samples being taken within the scope of 

study. 

 

3. Results and Discussion 

 

3.1. Information about Province of Rize 

 

It is our city being situated in Eastern Black Sea section of Black Sea region, coming to the 

forefront with its green and the sea. Surface area of Rize is 3920 m3. According to the data being 
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prepared by Turkish Statistics Institute, its population for year 2018 is 348608. Province of Rize 

has 12 districts. These are Kalkandere, İyidere, Derepazarı, Hemşin, Çamlıhemşin, İkizdere, 

Fındıklı, Güneysu, Pazar, Ardeşen, and Çayeli. Cities of Trabzon, Artvin, Erzurum, and Bayburt 

are provinces that are neighbouring to the province of Rize. 

General map of province of Rize has been shown in Figure 2. 

 

 

 

 

 

 

 

 

Figure 2. Rize Province Map (Anonyms, 2019) 

3.2. Current Waste Management in the Province of Rize 

 

Municipality of Rize collects garbage 2-3 times on each day at places where life activities 

are dense. At places where life activities are less, collection process is realized once in 2 days. At 

the provincial centre nearly 120 tons of wastes are collected in a day and with the wastes coming 

from other districts, this amount reaches to 170 tons. 

Apart from excavation soils, construction demolishment wastes, medical wastes, waste 

batteries, and accumulators, all other wastes are collected from 2316 points with domestic solid 

waste collection vehicles and they are transferred to the semi-trailers at Taslidere Transfer Station 

shown in Figure 2, and they are delivered to Kutlular Sanitary Landfill being situated in the 

province of Trabzon, district of Surmene, town of Camburnu, quarter of Kutlular as belonging to 

Solid Waste Production and Operation Union of Local Administrations of Cities of Trabzon and 

Rize (Trabrikap).  
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Figure 2. Rize Municipality Taşlıdere Transfer Station 

 

Medical wastes are disposed at Trabrikap Kutlular Sanitary Landfill with the vehicles 

belonging to the authorized company, not having compression mechanism and complying with the 

legislation. 

Packaging wastes are collected by the authorized company with vehicles having 6 pieces of 

compression mechanism and capacity of 7 m3. 1800-1900 tons of packaging wastes are collected 

in a year in total. 937 pieces of internal space packaging waste boxes are distributed to places such 

as institutions, schools, and workplaces and collection process is realized. 

Waste oils, amounting to 450-500 tons in a year in total are collected by authorized company 

with 1 piece of vehicle. 15 pieces of collection units have been placed at certain points of city for 

the collection of waste oils. Besides, in order for the citizens to have easy access, waste oil 

collection units are provided for all headman offices within borders of Municipality of Rize and 

collection process is realized. 

Waste batteries are collected by Rize Municipality Cleaning Affairs Directorate with 1 

vehicle and they are kept in a store. Following the accumulation process, they are taken by Portable 

Battery Producers and Importers Association (TAP) and they are being recycled. In this way, 1000-

1200 kg of waste batteries are collected in a year. At certain regions of the city, 100 pieces of waste 

battery collection units have been placed. Furthermore, by providing 80 pieces of waste battery 

collection units to certain institutions and associations in total, waste battery collection process is 

being realized. 

 

3.3. Seasonal Characterization of Solid Wastes in the Province of Rize 

Despite the fact that Rize is a small province showing similarity with respect to 

socioeconomic aspects on provincial basis, it has been divided to 4 different regions as being stated 
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in Material Method section and characterization process has been realized by taking samples 

representing four seasons in each of the regions. Analysis results have been presented in Tables 1-

4. The whole year average is given in Table 5 and Figure 3 and year average results are used in 

the evaluation. 

Table 1. Waste Characterization for Rize Province in 2016 Summer Term. 

Waste Types High 

income 

region (%) 

Middle 

income region 

(%) 

Low 

income 

region (%) 

Arcade 

area (%) 

Overall 

average (%) 

Organics 68.20 %62 %66.8 %67.1 66.03 

Paper 1.99 %1.0 %2.16 %1.27 1.6 

Cardboard 4.20 %2.7 %5.9 %6.01 4.7 

Plastics 2.44 %4.49 %4. %7.28 4.55 

Bulky Carton 4.20 %6.1 %5.2 %4 4.87 

Glass 3.62 %6.29 %4.92 %4.43 4.81 

Metal 1.00 %1.02 %1.4 %0.32 0.93 

other non-

combustible 

8.20 %8.12 %4.1 %4.9 6.33 

other 

combustible 

4.78 %6.48 %3.38 %2.7 4.34 

subsieve (ash 

etc. fine material) 

1.37 %1.8 %2.14 %2.22 1.88 

TOTAL 100 100 100 100 100 

 

Table 2. Waste Characterization for Rize Province in 2016 Autumn Term. 

Waste Types High 

income 

region (%) 

Middle 

income region 

(%) 

Low 

income 

region (%) 

Arcade 

area (%) 

Overall 

average (%) 

Organics %59.7 %67.1 %58.1 %63 61.97 

Paper %2.3 %6.7 %5.3 %2.2 4.12 

Cardboard %4.5 %4.2 %3.1 %5.3 3.77 

Plastics %3.2 %3.4 %5.8 %2.7 3.77 

Bulky Carton %6.9 %5.3 %2.7 %4.2 4.77 

Glass %4.2 %3.7 %3 %4 3.72 

Metal %1.1 %2.4 %1.7 %1.5 1.67 

other non-

combustible 

%9.8 %1.9 %10.4 %8.1 7,55 

other 

combustible 

%8 %4.7 %9.4 %8.5 7,65 

subsieve (ash 

etc. fine material) 

%0.2 %0.6 %0.5 %0.5 0,45 

TOTAL 100 100 100 100 100 

 

Table 3. Waste Characterization for Rize Province in 2017 Winter Term. 
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Waste Types High 

income region 

(%) 

Middle 

income region 

(%) 

Low 

income region 

(%) 

Arcade 

area (%) 

Overall 

average (%) 

Organics  

%60.1 

%59 %60.8 %67.2 61.77 

Paper  %1.7 %5.3 %6.4 %2.1 3.88 

Cardboard %3.4 %4.2 %4.3 %2.9 3.7 

Plastics %2.2 %5.4 %3.9 %3.7 3.8 

Bulky Carton %4.1 %3.7 %2.1 %3.4 3.32 

Glass %2.4 %3.7 %2.2 %1.9 2.55 

Metal %0.9 %1.2 %0.6  0.68 

other non-

combustible 

%12.4 %9.2 %10.9 %8.7 10.3 

other 

combustible 

%8.9 %6.8 %6.7  %7.3 7.42 

subsieve (ash 

etc. fine material) 

%3.9 %1.5 %2.1 %2.8 2.58 

TOTAL 100 100 100 100 100 

 

Table 4. Waste Characterization for Rize Province in 2017 Spring Term. 

Waste Types High 

Income 

Region (%) 

Middle 

Income Region 

(%) 

Low 

Income 

Region (%) 

Arcade 

Area (%) 

Overall 

Average (%) 

Organics  

%63.9 

%62.5 %58.3 %70.8 63.87 

Paper  

%1.02 

%6.3 %6.6 %1.30 3.80 

Cardboard %4.5 %3.5 %2.7 %4.00 3.67 

Plastics %1.83 %5.1 %7.9 %4.10 4.73 

Bulky Carton %6.7 %7.2 %1.3 %3.70 4.73 

Glass %2.4 %4 %3.1 %2.30 2.95 

Metal %0.75 %1.2 %1.6  0.88 

other non-

combustible 

%10.3 %6.3 %14.05 %5.70 10.12 

other 

combustible 

%8.4 %3 %7.0  %7.70 6.55 

subsieve (ash 

etc. fine material) 

%0.2 %0.3 %0.1 %0.40 0.25 

TOTAL 100 100 100 100 100 

 

Table 5. Average Solid Waste Characterization for Rize Province in 2016-2017. 

Waste Types High 

income region 

(%) 

Middle 

income region 

(%) 

Low 

income 

region (%) 

Arcade 

area (%) 

Overall 

average (%) 

Organics  

%62.97  

%63.20  %61.51 %67.03 63.41 

Paper  %1.75  %4.82  %5.12 %1.72  3.35 
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Cardboard %4.15   %3.65  %4 %4.55  4.09 

Plastics %2.42  %4.6  %5.4 %4.44  2.21 

Bulky Carton %5.47 %5,58  %2,98 %3.82 4.46 

Glass %3.15  %4.42 %3.3  %3.16  3.51 

Metal %0.94 %1.46  %1.32 %0.45 1.04 

other non-

combustible 

%10.15  %5.77 %8.67 %6.85  7.86 

other 

combustible 

%7.52 %5.24  %6.62   %6.55 6.48 

subsieve (ash 

etc. fine material) 

%1.42  %1.05  %1.21 %1.48  1.26 

TOTAL 100 100 100 100 100 

 

 

Figure 3. Rize Province Average Waste Characterization 

When the results of solid waste characterization being realized have been considered, it was 

observed that while organic wastes and recyclable wastes showed reduction in winter season, they 

showed increases in summer months. The reason for this has been given such that amounts of fruit 

and vegetables increase in summer months and due to the temperature levels in the summer 

months, fruit, vegetables, and food perish very quickly. Besides, the increase in the amount of 

recyclable materials such as glass bottles, plastic boxes, tin boxes, and metal in the summer months 

can be linked to the increase in human population in the region in the summer season. 

It is observed that organic wastes are more in the region with high income segment. This 

shows that as the income level increases, living, clothing, consumption, and purchasing habits of 
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people change in linear proportion. Even though the province of Rize has transferred to natural gas 

usage with regards to heating, as amount of sieve is plenty in regions with low income segment, 

this situation reveals that coal, wood and similar materials are still being used in these regions. It 

is seen that highest values relating with recyclable materials are present in bazaar region. The 

reasons for this could be specified such that as living activities are dense in Bazaar region and as 

human density increases in bazaar region in summer months, amounts of materials being used, 

such as glass bottles, plastic boxes, tin boxes, and metal increase, and there are wide and long main 

streets that are present, and shops, stores, and workplaces where densities are high are located in 

this region. 

 

3.4. Solid Waste Moisture Values of Rize Province 

 

Moisture content of the solid wastes of Rize Province was determined in samples sent to 

Onokuz Mayıs University Eng Faculty of Environmental Eng. Department. Seasonal changes and 

average year are presented in Table 6. When the year averages are taken, the humidity value for 

Rize province is determined as 68.96%. 

 

Table 6. Moisture values of Rize solid wastes according to seasons 

 Summer 

Period (%) 

Autumn 

Period (%) 

Winter 

Period (%) 

Spring 

Period (%) 

Year 

Average (%) 

High 

İncome Region 

72.80 45.29 71.94 73.64 

65,9175 

Middle 

İncome Region 

70.64 76.70 67.73 67.87 

70,735 

Low 

İncome Region 

77.69 79.92 58.96 79.11 

73,92 

Arcade 

Area 

61.12 67.94 63.24 68.82 

65,28 

Overall 

Average (%) 70,56 67,46 65,47 72,36 68,96 

 

 

3.5. Energy and Biomass Values of Rize Solid Wastes 

 

The calorific value and biomass analyses of the solid wastes of Rize Province were 

conducted by TÜBİTAK and are presented in Table 7. 
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Table 7. Biomass and energy values of Rize solid wastes according to seasons 

 Summer 

Period (%) 

Autumn 

Period (%) 

Winter 

Period (%) 

Spring 

Period (%) 

Year 

Average 

(%) 

Total 

Phosphorus 

0.28 0.15 0.25 0.27 0.24 

Carbon 39.57 46.99 53.61 43.87 46.01 

Hydrogen 5.0 6.05 7.37 5.59 6.00 

Nitrogen 2.02 2.07 2.35 3.02 2.36 

Sulphur 0.12 0.13 0.23 0.31 0,20 

      

Ash 20.21 11.26 7.63 11.30 12.60 

Lower 

calorific value 

(cal/g) 

3193 3477 4822 3631 3780 

Higher 

calorific value 

(cal/g) 

3478 3814 5263 3917 4118 

 

Moisture content has been found to be around %68-70 on average in a year. Lower calorific 

value has been determined between 3400 and 4000 kcal/kg on pre-treatment basis. According to 

the analysis results, due to the reason that there is high ratio of moisture content and high ratio of 

organic substance content, burning method is not considered to be appropriate. Due to the reason 

that preliminary investment costs relating with disposal method are high, meeting the costs of 

combustion facility would not be economical for the city. Additional drying processes would be 

needed in order to transform solid wastes to dry basis. 

 

 

4. Conclusion 

 

Nearly %65-75 of wastes in the province of Rize bear the characteristic of organic wastes, 

while %25-35 of them bear the quality of recyclable wastes. When the results of solid waste 

characterization being conducted are considered, it was determined that organic wastes and 

recyclable wastes showed reduction in the winter months and that they showed increases in the 

summer months. 

 By considering solid waste composition and other parameters, alternative disposal methods 
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have been evaluated. It is considered that among these, burning method is not appropriate due to 

its high moisture content, drying requirement for wastes, and probable emissions that may occur. 

Although sanitary landfill process has very low costs, it is not considered to be an appropriate 

method due to the geographical conditions of province of Rize, land structure, and due to its not 

having land that can be used for regular storage. Furthermore, as leachate being formed due to 

landfill can reach to very high levels as a result of rains falling in Rize, being the place of Turkey 

where highest amount of rain falls, this situation would cause for big problems to arise. 

Compost process seems to be an appropriate method due to less storage area and low amount 

of preliminary investment costs. Furthermore, by adding elements such as nitrogen, sulphur and 

potassium in compost, it can be transformed to an excellent fertilizer for cultivation of tea, 

constituting the most important means of living in the province of Rize. After reducing the 

moisture content of solid wastes being formed and after finding an appropriate area, it is seen that 

most appropriate method would be composting. However, due to the reason that region is 

continuously subject to rains, closed area composting, rather than the open one, seems to be a more 

appropriate option. 

Even though gasification process seems to be similar to the burning process at first sight, 

they are systems which are different from one another. Emission values of gas forming as a result 

of gasification process are significantly low. Besides, it is also possible to gain certain chemical 

substances within solid wastes for the industry. This particular reveals that gasification process is 

a more appropriate method with respect to the burning process. Even though it is seen that its 

advantages are more with respect to burning process, due to the reason that moisture content of 

solid wastes in the province of Rize is abundant, it is seen that this situation would create a 

problem. 

When the methods that are known and used in solid waste management today are considered, 

it is obvious that none of them would solve the waste problem alone. Integrated waste management 

system should be developed for the province of Rize and recyclable wastes should be separated in 

their sources and gained for the economy. All the disposal options being explained above should 

be activated only after establishing source separation system in the city. Because currently only 

10% of packaging wastes can be regained in the city. However, with an effective recycling system 

this ratio can be increased to nearly 70%. This situation would reduce amount of wastes to be 

disposed and the disposal method being applied could be carried out in a more effective way. 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

Organic wastes and agricultural wastes that can be separately collected should be transformed to 

compost status by considering regional conditions or biometanization systems with which energy 

can also be obtained, should be considered. For other wastes, sanitary landfill should be considered 

by collaborating with the near provinces and it should be ensured that the wastes of province of 

Rize are transferred to this facility, by means of transfer stations to be established at appropriate 

places. 
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Abstract 

 

Civil cheese is a traditional cheese in Turkey. It is produced especially in Eastern Anatolia. The 

civil cheese is produced by both rennet and acid coagulation and also a combination of heat 

treatments. Then, it is ripened into goat skins for more than three months and mould deliberately. 

In this study, some properties of the moldy civil cheeses collected from different domestic and 

commercial locations in Eastern Anatolia Region of Turkey were investigated. Especially, the civil 

cheeses were evaluated to reveal the aromatic composition of the variety. According to the results, 

the LAB, TAMB and mould counts of the cheeses were determined in the ranges of 7.12-5.40 log 

CFU/g, 7.26-5.74 log CFU/g, and 8.56-5.45 log CFU/g, respectively. Volatile compounds 

generated by lipid and protein metabolism predominated among the aroma compounds identified 

in moldy cheese. The methyl ketones, 2-nonanone, 2-heptanone and 8-nonen-2-one were three of 

the most important aroma compounds in this cheese. 2-pentanone and 2-undecanone also 

contributed to the aroma of this cheese. In particular, it was determined that 2-heptanone, 2-

nonanone, and 2pentanone volatile aroma compounds in the B and D cheese samples, respectively 

had higher than other cheese samples. The results showed that 2-heptanone, 2-nonanone, 2-

pentanone, 8-nonen-2-one and L-limonene compounds were important to aromatic 

characterization of this cheese. 

 

Keywords: Moldy cheese, Aroma, 2-heptanone, L-limonene, Nonanone, 2-pentanone, 8-nonen-

2-one 
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1. Introduction 

 

Civil cheese, one of popular cheeses of Turkey, is produced especially in the inner part (mainly, 

Bayburt province) of the Black Sea Region and in the Eastern Anatolia Region (mainly, Erzurum, 

Kars, Muş, Ağrı provinces) (Şengül, 2006; Kamber and Terzi, 2007). Most of the production of 

this cheese is still carried out in households. Civil cheese has low level of fat (4–5%), therefore, it 

is a cheese which mostly preferred by people having health problems such us high cholesterol 

(Cambaztepe et al. 2009). 

The production method for Civil cheese is not standardized. And, its production protocol of this 

cheese is different from the regular cheeses. The raw material used in the production of Civil cheese 

is whey and/or skimmed milk. And it is coagulated with rennet enzyme, heat and acid combination. 

However, sometimes coagulation is performed without adding rennet (Gülmez and Güven, 2001). 

In traditional Civil cheese production, firstly, since starter culture is not used, the skim milk is 

allowed to stand overnight at about 15ºC to increase acidity by natural microflora. Then acidified 

skimmed milk or whey is being begun to be slowly heated.  When temperature reaches about 35ºC, 

preferably, rennet enzyme may be added. Then, curd formation begins by coagulation of milk or 

whey at about 52-53ºC, and, curd particles are facilitated to stick to the ladle within the process of 

mixing until the temperature reaches about 58-60ºC. After formation of the curd, th Absorption 

Cooling Systems e curd block was stretched or pulled with a ladle for forming a smooth plastic 

and fibrous structure until the temperature reaches about 70 ºC. At the end of this process, hot 

cheese blocks formed is transferred on a surface and cooled, Then, they is kneaded in salted whey, 

and hung for stretching by its own weight for 24 h. Finally, cheese with fibrous structure, is formed. 

Civil cheese can be consumed freshly or it can be stored in brine solution (Caglar et al. 1998; 

Yazıcı and Dervisoglu, 2003; Şengül, 2006; Cambaztepe et al., 2009; Çakmakcı et al., 2013). In 

the traditional production, the Civil cheese is pressed into goat skins or plastic bags and ripened 

for 3 months or longer. During the ripening period, Civil cheese is spontaneously contaminated 

with mould and it can be consumed as a mouldy cheese. Civil cheese is buried in the soil for mold 

growth and after 10-15 days it is removed from the soil and dipped in a few parts of the skin of the 

jumpsuit and the mold is accelerated. The overalls that are buried again are removed after 20-30 

days and the mouth is opened and the odor is removed. It is stored in a cool place in the same 

overalls until it is consumed or can be transferred to canisters (Elmalı and Uylaşer, 2012). 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

Although uncontrolled mould growth in the cheeses cause to potential hazards for consumers, 

however it known that the in some mould-ripened cheese (Camembert cheeses, roquefort cheese, 

danablu cheese etc.), the moulds contribute to its taste and flavor (Martín, and Liras, 2016) One of 

these is also mould-ripened Civil cheese. 

Aroma compounds play the major role in the perception of flavor (Yee et al., 2014). Therefore, 

the aroma of a cheese is one of the most important factors affecting the consumers' choice of 

cheese. Aroma profile of a cheese occurs from the combination of many different types of aroma 

compounds, including short to medium chain fatty acids, aldehydes, alcohols, ketones, esters, and 

sulphur compounds (Curioni and Bosset, 2002; Niimi et al., 2014). These aroma compounds are 

obtained through a series of chemical and/or biochemical changes that occur in the cheese during 

the early stages of ripening. In particular, microorganisms and enzymes act on the fat, protein and 

carbohydrate in the cheese to produce the characteristic flavor during this stage (Gan et al., 2016). 

Of microorganisms, the effect of mould on the mouldy cheese aroma cannot be denied. For 

example, in a study, 2,3- butanedione, 3-methylbutanal, methional, 1-octen-3-o1, I-octen-3-one, 

phenethyl acetate, 2-undecanone, δ-decalactone, butyric acid and isovaleric acid were determined 

as the most potent odorants of Camembert, which a cheese type ripened by molds (Kubíčková, and 

Grosch, 1997). Primary and secondary alcohols and ketones are the most important compounds in 

aroma of soft and mold-ripened cheeses. Especially, the secondary alcohols 2-heptanol and 2-

nonanol constitute 20-30% of all aroma compounds in Camembert-type cheese. Phenylethanol and 

its esters gives a high floral flavor to Camembert cheeses (Nyberg, 2016). Also, it is known that 

blue-cheeses have a unique aroma profile of mold due to the abundance of methyl ketones 

produced by secondary microflora such as Penicillium roqueforti during ripening (Niimi et al., 

2015). 

The aim of this study was to determine the volatile aroma compound (VAC) profile of civil cheese 

which was buried in the soil and moulded, in Kars provice of Turkey, and to reveal the effect of 

mould on the aroma. 

 

2. Materials and Methods 

 

2.1. Materials 
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The seven samples of Civil cheese were collected from different domestic locations in Kars 

province, Turkey. And they were transported to the laboratory at 4oC. 

 

2.2 Methods  

 

2.2.1. Microbiological analysis 

 

Ten grams of each civil cheese were added to 90 ml of NaCl solution (0.85%) and homogenized 

for three minutes in a Stomacher (Stomacher® 400 Circulator, United Kingdom). Serial decimal 

dilutions were prepared. The dilutions were plated in the agar mediums which are different for 

each microorganism. The lactic acid bacteria (LAB) counts were enumerated on MRS agar (Man, 

Rogosa and Sharpe) (Merck® Darmstadt-Germany) (Franciosi et al., 2009) after 48 h incubation 

at 30 °C in a humidified atmosphere of 5% CO2. The yeast counts in the civil cheese samples was 

determined with a Dichloran Rose Bengal Chloramphenicol agar (DRBC; Merck® Darmstadt-

Germany) at 25 °C after 5 days, and the total aerobic mesophilic bacteria (TAMB) were 

enumerated from a plate count agar (PCA; Merck® Darmstadt-Germany) at 30 °C after 48-72 h, 

aerobically (Özdemir et al. 2015; Özdemir et al. 2018). 

 

2.2.2. Chemical analysis 

 

The titratable acidity as lactic acid values and the pH degree of the samples were determined 

according to the previously method described (Savello et al. 1989; AOAC, 1995; Hayaloglu et al. 

2007). In additional, in the samples, dry matter contents by gravimetric method (Anonymous 

1987), fat contents by Gerber method (Anonymous 1978), and salt contents by titration with 

AgNO3 (Bradley et al. 1993) were determined. 

 

2.2.3. Volatile aroma compounds analysis 

 

Volatile aroma compounds (VACs) were determined using a head-space analysis solid-phase 

micro-extraction (SPME) method, and a gas chromatography-mass spectroscopy (GC-MS) 

according to the previously method described by Ragibe et al. (2018). The volatile peaks were 
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identified using the libraries of NIST (National Institute of Standards and Technology), Wiley 

(Wiley Registry of Mass Spectral Data, 7th edition) and FFNSC (Flavor and Fragrance Natural 

and Synthetic Compounds). The results were evaluated according to peak areas of the VAC in the 

samples. 

 

2.2.4. Statistical analysis 

 

The experimental results were expressed as mean ± standard deviation of the mean, and they were 

then subjected to a one‐way analysis of variance (ANOVA) using SPSS 18.0 (SPSS Inc., Chicago, 

IL, USA). Duncan's multiple range test was used to compare the individual the civil cheeses 

samples. The level of significance of differences between treatments was determined at P < 0.05. 

 

 

 

3. Result and Discussion 

 

3.1. The microbiological contents of the mould-ripened civil cheeses  

 

According to the results, the LAB, TAMB and mould counts of the civil cheeses were determined 

in the ranges of 7.12-5.40 log CFU/g, 7.26-5.74 log CFU/g, and 8.56-5.45 log CFU/g, respectively 

(Fig. 1). 
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Figure 1. The microbiological content of the civil cheeses 

 

As shown in Fig. 1, while D sample also contains the lowest number of LAB (5.40 log CFU/g; P 

<0.05), both C and E cheese samples had the highest LAB numbers with a value of 7.12 log CFU/g 

(P <0.05). When the values of TAMB were examined, E, C and G samples had the highest values 

(P <0.05) with 7.57, 7.41 and 7.26 log CFU/g, respectively. Similar results have been reported by 

some researchers.  In a study by Şengül (2006), it was determined that the minimum-maximum 

LAB counts and TAMB counts in 15 Civil cheese samples collected from Erzurum province of 

Turkey were 4.0-7.8 log CFU/g and 7.0-9.0 log CFU/g. LAB plays an important role especially in 

the ripening of cheese, due to lactic acid fermentation. It is impossible to prevent growth of 

coliform and proteolytic microorganisms in absence of LAB. On the other hand, in another study 

by Tekinşen at al. (2006), it was determined that the average number of TAMB of 35 Civil cheese 

samples obtained from Erzurum povince was 7.86 log CFU/g. Also, in similar study in which it 

was examined Civil cheese samples obtained from Kars province, by Gülmez and Güven (2001), 

it was determined that the average number of TAMB of 30 Civil cheese samples was 9.04 log 

CFU/g. 
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Although the high number of lactic acid bacteria in cheese is positive in terms of health, the high 

number of TAMB is a risk factor for health due to pathogenic microorganisms and the high number 

of bacteria from different microbial groups. This was also supported by many researchers 

(Tekinşen at al., 2006; Gülmez and Güven 2001). 

Mould content, which is the most important microbial value for mouldy cheese samples, is quite 

high in all cheeses. In particular, D and B cheeses had the highest mould content with 8.56 and 

8.29 log CFU/g, respectively (P <0.05). G and E cheese samples had the lowest mold content with 

5.45 and 5.59 log CFU/g respectively (P <0.05). in the study in which it was examined Civil cheese 

samples obtained from Kars province, by Gülmez and Güven (2001), it was determined that the 

average number of mould of 30 Civil cheese samples was 9.18 log CFU/g. In the study by Şengül 

(2006), it was determined that the minimum-maximum yeasts and moulds counts in 15 Civil 

cheese samples collected from Erzurum province of Turkey were 3.90-6.83 log CFU/g. In a study 

by Cambaztepe et al. (2009), it was stated that the ripening in different methods and times affected 

microbiological properties of Civil cheese. In same study, it was used different ripening methods; 

brine salting, dry salting; incorporating with Lor cheese vacuum packaging. On 90 th day of 

ripening, TAMB counts of the cheeses were determined in the ranges of 3.90-5.22 log CFU/g. In 

additional, it was stated that vacuum packaging is one of the most effective preservation methods 

for preserving the microbiological quality and sensory properties of the product. 

It is known that the high number of mould is a risk factor for health, therefore, more detailed 

molecular analyzes should be performed to determine the microbial safety of cheeses. In a study 

by Çakmakçı et al. (2012a), fungi strains was isolated from 41 Moldy Civil cheese samples. And 

it was found that total 186 isolates which from them belonged to the genus Penicillium; 165 of the 

186 isolates were Penicillium roqueforti and the rest were Penicillium spp (13 isolates of them; 

Penicillium commune). In same study, it was determined that of the 165 isolates, only 28 produced 

no penicillic acid, P. roqueforti toxin, or roquefortine. As a result, it was determined that in moldy 

Civil cheeses, P. roqueforti strains should be tested for toxin production to protect consumer 

health.  

It is thought that this problem can be solved by using non-toxic mold strains as secondary starter 

in controlled conditions. However, in the present study, since the main purpose is to reveal the 

VACs, it was no determined toxigenic strains. However, these results should be extended with 
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further molecular studies. In particular, ripening conditions and ripening time of Civil cheese 

should be standardized. 

 

 

3.2. The chemical composition of the mould-ripened civil cheeses 

 

The chemical composition of the Civil cheese samples is given in Table 1. The pH and acidity 

values range between 5.14-5.76 and 0.68-1.14%, respectively. In a study by Cambaztepe et al. 

(2009) it was determined that on 90th day of ripening, the pH and the acidity values range between 

5.13-5.90 and 0.50-1.04%, respectively.  

The acidity of civil cheese samples was quite low compared to the acidity values of kashar cheese 

and white cheese. That, in the production of Civil cheese, the lactose in milk which is kept waiting 

to increase the acidity, is broken down in significant amount and the lactic acid formed combines 

with excess calcium during this process, is thought to be the reason for this. When the results of 

other chemical properties are evaluated, the highest and lowest values of dry matters ratios, salt 

contents, ash contents and protein contents were determined in F and G cheeses, G and B cheeses, 

B and F cheeses, and C and A cheeses (P <0.05), respectively. Also, it was stated that Civil cheese 

was a cheese with a dry matter content of at least 40%, a fat content in dry matter of at most 10%, 

and a salt content of 4-8% by Üçüncü, (2004). Therefore, in the present study, it was determined 

that only A and G samples had less than 40% dry matter. The values of the chemical properties of 

the cheeses were consistent with the values determined in previous studies on cheese in the 

literature (Özdemir et al, 2003; Ayar et al., 2006; Şengül and Gürses, 2006; Özaltın, 2011). 

 

 Table 1. The chemical content of the civil cheeses 

Results of Chemical Analysis 

Cheese 

Samples 

pH 

values  

Acidity  

(Lactic acid 

%) 

Salt  

(%) 

Dry matter  

(%) 

Ash  

(%) 

Protein 

(%) 

A 5.53±0.05 0.83±0.13 5.74±0.23 38.86±0.11 6.78±0.24 16.57±0.09 

B 5.22±0.12 0.92±0.15 5.53±0.16 46.97±0.16 6.96±0.14 29.71±0.16 

C 5.05±0.08 1.14±0.21 7.68±0.14 50.32±0.15 6.92±0.11 35.43±0.26 

D 5.14±0.04 1.09±0.18 6.24±0.11 49.50±0.25 6.90±0.08 32.63±0.22 

E 5.74±0.07 0.68±0.08 7.81±0.13 43.88±0.16 6.81±0.12 29.85±0.13 
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F 5.61±0.05 0.71±0.09 5.69±0.05 54.89±.025 4.32±0.22 23.51±0.14 

G 5.07±0.12 1.14±0.10 8.02±0.08 36.82±0.32 6.61±0.13 17.82±0.09 

 

It is known that Civil cheese, which has a high nutritional value with its fat and protein content, is 

also an important source of minerals (Elmalı and Uylaşer, 2011). In a study conducted by Mendil 

(2006), Fe (9.3 μg/g), Mn (0.97 μg/g), Zn (13.2 μg/g), Cu (0.22 μg/g), Cr (0.04 μg/g) of Civil 

cheese, Ni (0.24 μg/g), Na (5405 μg/g), K (326 μg/g), Ca (3722 μg/g) and Mg (48.0 μg/g) were 

stated to be an important source of minerals. In the present study, except for the F sample, the 

mineral contents of the others were high according to previous some study (Şengül and Gürses, 

2006). 

 

3.3. The volatile aroma compound (VAC) composition of the mould-ripened civil cheeses 

 

During cheese ripening, the biochemical changes such as proteolysis, lipolysis, residual lactose, 

lactate and citrate metabolism or metabolism of fatty acids and amino acids play an important role 

in the formation of volatile aroma compounds. (Gan et al., 2016). In the present study, A total of 

35 VACs were identified in the analyzed samples, categorized as aldehyde, ketone, alcohol, ester 

and terpene (Table 2). 16–22 VACs were detected in the Civil cheeses. 

Mold-ripening has a significant effect on cheese flavor. Especially, it is known that methyl ketones 

such as 2-butanone, 2-heptanone, and 2-nonanone is effective on the volatile aroma profile of 

mold-ripened cheese (Niimi et al., 2015). Methyl ketones are formed by enzymatic oxidation of 

free fatty acids to β-keto-acids and their consequent decarboxylation to methyl ketones 

(McSweeney and Sousa 2000). Enzymes produced by P. roqueforti are effective in the production 

of free fatty acids, and therefore, formation of methyl ketones (Cantor et al. 2004). In the present 

study, highest values of 2-heptanone, and 2-nonanone were determined in D and B Civil cheese 

samples, respectively. Similarly, highest values of 2-Pentanone were determined in D and B cheese 

samples. 8-nonen-2-one highest value of its was in D sample. 

When the aldehyde compounds are examined, these components generally do not accumulate in 

cheese because they were rapidly converted to the corresponding alcohols and acids (Curioni and 

Bosset, 2002). In the present study similar to in a study by Çakmakçı et al. (2012b), 3-Methyl-1- 

butanal and 2-methyl-1-butanal were principal and identified in cheese samples. But, in the study 
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by Çakmakçı et al. (2013) it was stated that the effects of cheese type and ripening period on these 

compounds, were not significant (p >0.05).   

Alcohol compounds contributed to the typical flavour of mould-ripened Civil cheese are 2-butanol, 

2-pentanol, 2-heptanol and 2-nonanol (Curioni and Bosset 2002). In the present study, 2-nonanol 

compound were found in B Civil cheese. Also, 1-Octen-3-ol compounds has a moldy aroma 

(Majcher et al. 2017) and it was determined in D and B cheese of at highest values. 

When the terpene compounds are examined, limonene, which is associated with citrus-like flavour, 

was determined at the highest level in the samples of B and C samples and this sample was also 

rich in total terpenes. B and D Civil cheese samples were also rich in β-myrcene. These terpene 

compounds originate from plants in the feed.  

The results show that more mold flavor is felt in samples B and D. This is parallel to the fact that 

B and D samples have higher mold content than the other samples. 

Table. 2. Volatile aroma compounds of the Civil Cheese samples (The value of the peak area 

was used as the unit) 

The Civil Cheese Samples 

 Aroma Names A B C D E F G 

Alcohol 1-Octen-3-ol 156105 476105 176105 6356505 125705 190142 235841 

 2-Nonanol 18149097 31054679 9660416 7983722 8318206 5817346 6952211 

 

3-methyl-1-

butanol  
1680293 527129 1500267 673753 672439 472136 213526 

  Benzeneethanol  648442 n.d*. 3343049 n.d. n.d. n.d. n.d. 

                  

Aldehyde 2-Methylbutanal 65754 n.d. 94592 n.d. 51563 n.d. 16528 

  3-Methylbutanal n.d. 94562 225302 n.d. 297502 362041 n.d. 

                  

Ketone 2-Decanone 192598 1167936 549971 1340312 309481 260281 260281 

 2-Dodecanone  n.d. n.d. n.d. 623343 n.d. 429853 n.d. 

 2-Heptanone  23173348 35764213 18109767 48929705 22740384 16733301 14860361 

 2-Nonanone  42249582 119565005 59255285 158139097 49650526 36610226 39520526 

 2-Octanone  562716 1315895 608317 1500598 537344 416652 294128 

 2-Pentanone  3318876 8973281 3236657 22697552 6945879 8212575 3257698 

 5-Nonen-2-one  115657 345914 n.d. 598358 n.d. n.d. 268495 

 

6-Methyl-5-

hepten-2-one 
54555 n.d. 151088 n.d. n.d. 185213 n.d. 

 8-nonen-2-one 3920313 8827120 5108958 135322421 5709316 9507516 3711316 

 Acetoin 230998 552075 973159 n.d. n.d. n.d. n.d. 

 3-Octanone 253427 227222 126103 n.d. 220519 n.d. 222451 

 2-Tridecanone  151249 516828 387817 350818 n.d. n.d. n.d. 

  2-Undecanone  3253917 22569289 11621632 24676911 5646990 3395654 4984754 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

*n.d. not detection 

 

 

4. Conclusion 

 

In conclusion, this study was revealed that 2-heptanone, 2-nonanone, 2-pentanone, 8-nonen-2-one 

and L-limonene compounds were important to aromatic characterization of Civil cheese. Also, it 

was determined that microbiological results and VAC results of the B and the D samples support 

each other. Although more accurate results can be obtained with molecular identification methods, 

this study is an important prediction, and showed the effectiveness of the aroma. 

Civil cheese is a product with high nutritional value. However, the lack of a standard production 

technique and the current production in small family businesses and seasonal dairy farms without 

the necessary attention to hygienic conditions gives different microbiological, chemical and 

sensory properties. It is thought that this study will contribute to the studies to standardize the 

production of chili cheese under controlled conditions in terms of VAC. 
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Abstract 

 

Purpose:  

We aimed to study of some minerals (Zn, Pb, Mn, Mg, Cu, Fe) concentration changes in rat serum 

induced by electromagnetic radiation (EMR) emitted by mobile phones and the effect of garlic 

extract.  

  

Materials and methods:   

A total of 72 albino Wistar rats were divided into five groups:  G1is a group exposed to 900 MHz 

EMR at a 0.4 W/kg specific absorption rate (SAR) value; G2 is a group exposed to1800 EMR at 

a 1.08 W/kg SAR value; G3 is a group exposed to 900 EMR and administred 500mg/kg garlic 

extract; G4 is a group exposed to1800 EMR and administred 500mg/kg garlic extract and G5 is 

the control group.  At the end of the three weeks, rats were sacrefied and blood samples were 

collected for measurement of mineral concentration by atomic absorbtion spectrometer.  

  

Results: 

End of the study we found that, changed iron (Fe+2) concentrations, significantly (p<0.05). Iron 

concentrations were measureted as significantly different (high concentration) in G1 according to 

G3, G4 and G5. Furthermore, iron concentrations did not differ between G1 and G2, while G2 iron 

concentrations were also higher than G3, G4 and G5, but were not significantly.  

Conclusions:  

The exposure of EMR especially 900 MHz Global system for mobile communication (GSM) leads 

to changed iron concentration in rat serum. Increased iron concentrations may be one of the sources 

of oxidative stress due to EMR, which has been suggested in the literature. On the other hand, we 

found that garlic which has antioxidant and metal chelator feature, application reduces the levels 

of iron concentration increased by EMR in G1 and G2 to the control group(G5) level. 

 

Keywords: Electromagnetic radiation, garlic, minerals 
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Introduction: 

The use of mobile phones has increased dramatically in the last century (Makker et al., 2009). 

Mobile telephones create electromagnetic fields (EMF) at high frequencies as 900, 1800, 2100 

MHz due to electromagnetic radiation (EMR). Global System for Mobile Communication (GSM) 

uses 900/1800 MHz radio frequency electromagnetic radiation (RF-EMR) for data transmission. 

The 900/1800 MHz band is widely used by mobile phone service providers in many countries 

(Yürekli et al., 2006). The biological effects of EMF can be basically grouped as thermal and non-

thermal. Thermal effects are associated with local heat generation.  

Microwave (MW) RF-EMR, can lead to thermal effects in matter owing to interaction with 

charged particles such as ions or polar molecules, free electrons stimulating their oscillations in 

electromagnetic field. Low-intensity RF-EMR does not induce significant thermal effects in 

biological tissues (Yakymenko et al., 2016). 

 The non-thermal mechanism is triggered by some energy absorption associated with some other 

changes produced in tissues (Challis, 2005). The electromagnetic fields penetrate the animal's body 

and act on all organs by altering the cell membrane potential and the distribution of ions and 

dipoles. These changes can also affect the biochemical processes in the cell (Lerchl et al., 2008). 

The energy absorption by the living organism and the dosimetric evaluation of it for EMR is 

expressed as Specific Absorption Rate (SAR) from 100 kHz to 10 GHz. This value gives the 

amount of energy absorbed by the body in watt per kilogram (W/kg) (ICNIRP, 1998).  

According to International Commission on Non-Ionizing Radiation Protection (ICNIRP) 

international safety of RF-EMR limit for SAR value is 2 W/kg as calculated for human heads and 

torsos and under the recommended limits, RF-EMR is referred as low intensity (ICNIRP, 1998). 
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The International Agency for Research on Cancer (IARC) has described RF-EMR emitted by 

mobile phones as potential carcinogens (type IIB) for humans. Although the biological effects 

caused by RF-EMR cannot be classified, the World Health Organization (WHO) recommends the 

public to avoid prolonged and continuous exposure to RF-EMR due to insufficient data on long-

term exposure (IARC, 2011). 

Trace elements have important roles in organism. These include the cofactor role for enzyme 

reactions, the electron acceptor or donor in the redox reactions, the structural component of the 

biomolecules or contribute to their stability (Al-Fartusie and Mohssan, 2017). Zinc (Zn) is a basic 

trace element that acts as a cofactor for some enzymes involved in metabolism and cell growth, 

found in about 300 specific enzymes (Osredkar and Sustar, 2011). Zn plays a critical role in normal 

tissue development, as well as in biological membrane stabilization, protein synthesis, DNA 

synthesis and RNA transcription (Ebisch et al., 2007). Manganese (Mn) is essential in promoting 

immune system function, regulation of blood glucose and cellular energy, bone growth, defense 

against free radicals and blood clotting together with vitamin K (Erikson et al., 2005). Mn plays a 

role in the formation of connective tissue and the synthesis of sex hormones (Palacios, 2006). Mn 

is also required for normal brain and nerve function. In addition, Mn is a component of antioxidant 

superoxide dismutase (SOD) (Treiber et al., 2012). Magnesium (Mg) is a cofactor in more than 

300 enzyme systems that regulate various biochemical reactions in the body, including protein 

synthesis, muscle and nerve function, blood glucose control, and blood pressure regulation. Mg 

plays a role in the active transport of calcium and potassium ions between the cell membranes 

(Rude, 2012). Mg is also required for oxidative phosphorylation, glycolysis, DNA, RNA and 

glutathione synthesis (Romani, 2013). Copper (Cu) is an important component of the respiratory 

chain enzyme complex cytochrome c oxidase. Cu, together with Zn, acts as a cofactor for 
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antioxidant enzymes such as SOD and catalase, providing protection against oxidation (Fatmi et 

al., 2013). It also helps bone growth, myelin sheath formation, absorption of iron from the 

gastrointestinal tract, transfer to plasma, and involvement in hemoglobin (Tan et al., 2006). Lead 

(Pb) is a permanent and toxic metal that is very common and causes many major public health 

problems. It is a multi-organ toxic substance that targets vital organs such as the brain, liver, kidney 

and testis (Manoj Kumar et al., 2017). Iron (Fe) plays an important role in the formation of heme 

that is molecular oxygen-containing complex in hemoglobin and myoglobin. It is also used in the 

active site of many important redox enzymes (Erikson et al., 2005). In the living organism, free 

iron participates in the Fenton reaction to form the most potent radical hydroxyl radical from 

hydrogen peroxide. Organism is protected from oxidation by entering of iron into the ferritine 

(Zhao et al., 2006). 

There are few studies in the literature about the effect of EMF on elements and these are 

contradictory (Burchard et al., 1999, Erdem et al., 2018, Özorak et al., 2013, Çetkin et al., 2017, 

Li et al., 2014, Akşen et al., 2004, Akdağ et al., 2006). 

Garlic, a member of the allium family, is an organosulfur compound (OSCs). Intact garlic contains 

γ-glutamyl-S-alk(en)yl-L-cysteine, hydrolyzed and oxidised to alliin. When garlic processed, a 

vacuole enzyme alliinase forms, and it converts alliin to the unstable and odoriferous allicin. 

Allicin and other thiosulphinates decompose into OSC’s such as lipid soluble diallyl sulfide 

(DAS), diallyl disulfide (DADS), diallyl trisulfide (DATS); water soluble S-allyl cysteine (SAC), 

S-allylmercaptocysteine (SAMC) (Antosiewicz et al., 2008). 

The antioxidant effect of garlic has been proved for numerous metabolic cases in various 

studies (Ebrahimzadeh-Bideskan et al., 2016). It is reported that this effect of garlic is due to the 

fact that it prevents the lipid peroxidation resulting from radical oxygen and oxidative damages of 
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protein and DNA (Borek, 2001, Omar and Al-Wabel, 2010, Antosiewicz et al., 2008). However, 

there are a few studies on EMF exposure and as an antioxidant on garlic in the literature (Sharaf-

Eldeen Khet al., 2005 and Gurler et al., 2014). Besides it has been reported that garlic has a 

protective effect against oxidative stress caused by high iron concentrations (Nahdi et al., 2010). 

In addition, it is indicated that garlic has protective effect on heavy metal intoxication directly as 

a chelator or indirectly as an antioxidant (Manoj Kumar et al., 2017).  

Determination of changes in serum iron and some trace element levels may contribute to the 

evaluation of the effects of exposure to mobile phone RF-EMF. Therefore, the aims of this study 

was to evaluate the effect of low intensity RF-EMR which has not termal effect, on plasma trace 

element levels and the effect of garlic on trace elements under EMF exposure in vivo. In this 

context, changes in serum Fe, Zn, Pb, Mn, Mg, Cu levels were examined in rat serums under 

exposure to EMF. 

Materials and Methods: 

This study was supported by Project Management Office grant PYO.TIP.1901.09.018 from 

Ondokuz Mayis University. 

Electric field exposure system: 

In this study, 900 and 1800 MHz RF signals were used (Everest GSM Simulator (Model: 900CW4, 

Turkey). For 900 MHz, the signal generator has at 850-950 MHz frequency band range EMF (with 

4 W maximum power output, a monopole antenna) was used. For 1800 MHz, the signal generator 

has at 1750–1850 MHz frequency range EMF (with 2 W maximum power output, a monopole 

antenna) was used. 

Before the EMF application, we measured the electric field with the electrical field meter (PMR 

8053 Portable Field Meter (Costruzioni Elettroniche Centro Misure Radioelettriche Srl Italy) and 
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EP-330 electric field probe) to investigate the effects of other electric field, magnetic field and 

electromagnetic sources and reflections. It was found as zero.  

Monopole antenna that it has 20 cm height was established at the center of pie cage restrainer and 

fixed at closest position to rat body for the same distribution of the electric field. The distance of 

the antenna to the rat head was 4 cm approximately. The galvanize was placed under the restrainer. 

During the experiment, each rat was put into the pie cage restrainer and generator was fixed at 2 

W and 1 W power for groups to be applied 900 MHz and 1800 MHz respectively. G1, G3 and G2, 

G4 groups were exposed to the 900 and 1800 MHz EMF respectively, 1 h/day for three weeks, at 

the same time every day. Exposure device system shown in figure 1. 

 

Figure 1: Exposure device system. 

Spesific Absorption Rate (SAR) measurement 

The specific absorption rate (SAR) was calculated according to the formula (Ferreira et al. 2006): 

 )/(
2

kgW
E

SAR RMS


 

 

ERMS: The root mean square value of the electrical field  

σ: The mean electrical conductivity of the tissues 

ρ: The mass density.  

 Parameters used for SAR measurement and the calculated SAR values are given in table 1. 
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Table1: Parameters used for SAR measurement 

 

Animals: 

In this study, a total of 72 adult, male Wistar rats were used. Rats were divided into five groups 

as: Group 1 (n:16) which was exposed to 900 MHz EMF; Group 2 (n:16) which was exposed to 

1800 MHz EMF; Group 3 (n:12) which was exposed to 900 MHz EMF and given; Group 4 (n:12)  

which was exposed to 1800 MHz EMF and given garlic and Group 5 is the control group (n:16) 

which was kept in a separate EMF-free room and which was not given garlic. EMF exposure was 

applied as 1 h/day at the same time every day, for three weeks. Garlic was given as 500 mg/kg by 

intragastric feeding tube for three weeks, at the same time every day. 

At the end of the third week, anesthesia was applied with intraperitoneal 5 cc ketamine. 

Intracardiac blood was drawn and serum from the whole blood was provided by 10-minute 

centrifuge at 3000x g (Shımadzu UV160A, SNo: 28006648, JAPAN). They were stored at -40 °C 

until the study day. 

Garlic extract application 

Garlic extract was provided from a local market. The extract was prepared 50 mg/mL with 

physiological saline solution to be 500 mg/kg body weight rat (Banerjee et al., 2002). It was given 

to groups G3 and G4 by intragastric feeding tube for three weeks, at the same time every day. 

Biochemical Measurements 

Measurement of Cu, Mn, Mg, Zn Pb, Fe concentrations: 

 

GSM Signal 

Frequency 

ρ 

Mass dancity 

(kg/m3) 

σ 

Mean electrical 

conductivity 

(S/m) 

 

Electiric Field  

(V/m) 

 

SAR 

(W/kg) 

900 MHz 1040 0.94 34.62 1.08 

1800 MHz 1040 1.34 17.23 0.4 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

These minerals were examined with atomic absorption spectrophotometer (Termo Scientific, 

İCE/300, England) in the Biochemistry Department of the Chemistry Department of the Faculty 

of Science of Van Yüzüncü Yıl University. In the atomic absorption technique, the analyte element 

atoms are stimulated to a limited extent in the flame, dissolving their chemical bonds and becoming 

the base-state. Subsequently, when light from a lamp specific for the analyte enters the flame, a 

portion of the light is absorbed by the base-state atoms in the flame. The concentration of the 

element in the sample is inversely proportional to the intensity of light coming into the detector of 

the device. 

Statistical Evaluation: 

The normal distribution compliance test for the parameters was evaluated with Shapiro-Wilk test. 

It was found the normal distribution. One-Way ANOVA test was used for comparison of 

independent groups. It was found as p <0.05. Post hoc Tukey's HSD test was used to multiple 

comparisons of means of the groups. The results were presented as mean ± standart deviation. 

P<0.05 was considered as significant.  

Results: 

Regarding the iron there was significant difference between G1 and G3, G4, G5, shown at Table 

2 (p<0.05).  

Table 2: The levels of mineral concentration in G1, G2, G3, G4, G5 serum samples. 

Groups Zn 

μg/dL 

Mn 

μg/dL 

Mg 

μg/dL 

Cu 

μg/dL 

Pb 

μg/dL 

Fe 

μg/dL 

Group 

1 

(n=16) 

0.433±0.250 0.010±0.006 10.73±3.67 0.933±0.308 0.142±0.036 1.540±0.715b,c,d 

Group 

2 

(n=16) 

0.358±0.224 0.007±0.005 8.97±3.93 0.901±0.517 0.160±0.051 1.241±0.403 

Group 

3 

(n=12) 

0.298±0.256 0.013±0.011 9.85±3.99 0.964±0.646 0.188±0.051 0.970±0.561 
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The 

superscripts in a column show statistically significant difference /(p<0.05). 
a: There is a significant difference between G1 and G2  

b: There is a significant difference between G1 and G3 

c: There is a significant difference between G1 and G4 

d: There is a significant difference between G1 and G5 

 

 

Figure 2: Effects of EMF (900 MHz and 1800 MHz) on iron levels in G1, G2, G3, G4 and G5, rat 

serum.  

There are difference between G1 and G3, G4, G5 (p<0.05). 

Discussion: 

In this study, we evaluated the some trace elements levels in order to study the potential effects of 

900-1800 MHz EMR exposure and the protectetive effect of garlic on serum samples of Wistar 

rats. We found that increased iron concentration in 900 MHz EMR exposed groups according to 

Group 

4 

(n=12) 

0.301±0.207 0.013±0.010 8.73±3.57 0.850±0.425 0.144±0.039 0.810±0.567 

Group 

5 

(n=16) 

0.286±0.220 0.009±0.007 9.26±2.31 0.656±0.305 0.153±0.045 0.920±0.385 

Groups 

5 4 3 2 1 

Fe(µg/dL) 

5,000 

4,000 

3,000 

2,000 

1,000 

0,000 

1 

50 

49 
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control group. We also detected that, decreased serum iron concentrations in the group which was 

exposed to 900 MHz EMR and given garlic together, according to the group which was exposed 

to only 900 MHz EMR. We were not detected any difference according to iron concentrations 

between 900 MHz EMR exposed and 1800 MHz EMR exposed groups. However, no significant 

changes were observed in the Cu, Mg, Mn, Zn and Pb levels between the groups. 

Physicochemical movements of magnetic fields can lead to molecular stimulation, biochemical 

activation, radical formation and changes in atomic movements. Thus, the resultant of these effects 

may be responsible for biochemical changes in organ and body fluids (Berg, 1993, Duda et al., 

1991). Therefore it is conceivable that the effects of EMF on the human body can lead to a change 

in macro and trace element concentrations. Some researchers have already reported that the 

electromagnetic field may influence macro and trace element levels in various experimental 

models (Çetkin et al., 2017, Li et al., 2014, Özorak et al., 2013, Erdem et al., 2018, Akşen et al., 

2004, Akdağ et al., 2006). 

Iron is the most abundant transition metal in the body, which is essential for the growth and 

survival of mammalian cells. However, high levels of iron in the body are potentially toxic and 

iron-mediated oxidative stress is considered to be an important factor in the pathogenesis of iron 

overload (Nahdi et al., 2010).  

There are several studies examining the relationship between iron levels and EMF exposure in the 

body. However, the obtained data shows variation. This is likely due to the fact that the 

experimental models, EMF frequency and exposure times are different.  

In a study performed by Özorak et al., it was found that the levels of iron in kidney tissue increased 

in all groups in rats exposed to 2.45 GHz, 900 and 1800 MHz EMF during pregnancy and 

postpartum 4, 5 and 6 weeks (Özorak et al., 2013). It is interesting to note that the EMF frequencies 

used in this study, the duration of exposure and the changes in iron levels under EMF conditions 

show similarities with our current study.  

A significant effect of EMF on ferritin that is an iron cage protein present in most living organisms 

is revealed.  

The non-thermal mechanisms of the interaction of RFR magnetic fields with ferritin which is an 

inner super-paramagnetic nanoparticle (9H2O × 5Fe2O3 with up to 4500 iron ions) result in results 

in decreas of input of iron into the ferritin. This malfunctional ferritin explains to the participation 
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of Fe+2 in the Fenton reaction producing hydroxyl radicals for oxidative processes (Yakymenko et 

al., 2016). 

The elevated iron levels we observed may be related to iron oxidation in tissue through Fenton 

reaction as a result of EMF exposure. The Fenton reaction is a catalytic process that converts 

hydrogen peroxides into the most aggressive reactive oxygen species (ROS), hydroxyl radical 

(Crichton et al., 2002). There are some studies indicating that EMF increases ROS via Fenton 

reaction (Lai et al., 2016, Gautam et al., 2019).  

On the other hand, we found that decreased iron concentration in the group given garlic together 

with exposure 900 MHz EMF. It has antioxidant effect which increases the induction of 

endogenous SOD, catalase, reduced glutation, glutation peroxidase and phase II detoxification 

enzymes has been demonstrated in many studies (Banerjee et al., 2002, Omar and Al-Wabel, 

2010). Also it has been shown that garlic and its main bioactive component, allicin, as natural 

chelating agents (Aslani et al., 2010).  

We think that these reduced iron values are due to the chelating property of garlic in the group 

exposed to 900 MHz EMF given garlic. 

In contrast, there are studies reporting that EMF has no effect on iron levels in literature. In a 

study by Çetkin et al., it was reported that the serum iron levels of rats exposed to mobile phone 

EMF for 10 weeks in speech mode (2h/day) and in stand by mode (12h/day) were not changed 

but unsaturated iron binding capacity and total iron binding capacity decreased (Çetkin et al., 

2017). Akşen et al. reported that cell phone exposure for 20 minutes per day for one month did 

not change the serum iron concentration in rats (Akşen et al., 2004). Burchard et al. 

demonstrated that exposure to 60 Hz extreme low frequency electricity (10 kV / m) and magnetic 

(30 μT) field did not change the blood plasma iron level in dairy cows for 30 days (Burchard et 

al., 1999). Akdag et al. reported no statistically significant change in serum concentrations of 

iron in rats exposed to a very low frequency magnetic field of 50 Hz for 2 hours per day for 2 

months (Akdağ et al., 2006). 

Previous reports in relation to the effects of EMF exposure on blood concentrations of Zn, Cu, Mn 

and Mg are controversial. Butchart et al. demonstrated that low frequency EMF exposure in dairy 

cows decreases plasma Mg levels but does not change Zn, Cu and Mn levels.  

 (Burchard et al., 1999). Akdag et al. also reported that no significant change was observed in 

serum concentrations of Zn and Cu in rats exposed to a very low frequency magnetic field. 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

However, they found that the Mn concentrations of the rats exposed to EMF were higher than the 

control group (Akdağ et al., 2006). Li et al. reported that, 200 pulses of electromagnetic pulse 

(EMP) exposure at electric field intensities of 50, 100, and 200 kV/m did not affect concentration 

of Mg, Zn, Cu and Mn in rat serum within 48 hours (Li et al., 2014). In a study conducted in the 

rats during pregnancy and postpartum development, Wi-Fi (2.45 GHz) and mobile phone (900 and 

1800 MHz) caused decreased antioxidant trace element copper and zinc levels (Özorak et al., 

2013). 

In the present study, we found that there were no significant changes in the level of Zn, Cu, Mn, 

Pb and Mg in rat plasma in all groups. As noted above, the difference between the results may be 

due to different electromagnetic field frequencies or densities different experimental models and 

exposure times used in the studies.  

Conclusion:  

Although the negative effects of EMF produced by cell phones are still controversial, we found 

that, EMF (900 MHz) causes increased iron (Fe) concentrations in rat serum and garlic prevents 

this increase. We thought that this elevated iron levels may be responsible for increased ROS and 

oxidative stress in tissues due to EMF and garlic has a protective effect for this oxidative stress. 

However, we believe that further studies are required on this subject.  
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Abstract 

 

As the time passed, the importance of real estate appraisal has been understood and its popularity 

has increased significantly in Turkey. Some models have been established for taxation, 

expropriation, credit etc. processes. But the real estate appraisal needs to more accurate and 

comprehensive new models. The valuation function is always a big problem in free market 

economies. Fuzzy logic is an artificial intelligent method used in real estate appraisal and it gives 

more accurate results than the other methods because it takes into account the verbal data thanks 

to its ability to simulate human thought. In this study, fuzzy logic modeling in the field of real 

estate appraisal will be described. Membership functions and rules are defined by using fuzzy logic 

toolbox in Matlab software. The model that emerged according to these criteria will help us to 

show the real value of the property. There are two systems for fuzzy logic, Sugeno and Mamdani. 

Both systems have been tried in this study, but more accurate results have been obtained than 

Mamdani system. So Mamdani system will be used for modeling. 

 

Keywords: Real estate, Fuzzy logic, Artificial intelligence, Mamdani. 
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1. Introduction 

 

Real estate appraisal is an area that arises on the desire of people to own a property, and it 

becomes more popular as the time passed. According to Alfred A. Ring, real estate appraisal is a 

field which changes with respect to needs, desires and financial capacity for trading and corporate 

transactions [1]. On the other hand, according to Brown, the real estate appraisal is the process of 

determining the value of a real estate the for investment or long-term use by seller [2]. 

Real estate valuation should be carried out objectively. Therefore, many different methods 

are used in real estate valuation [3]. These methods can be divided as traditional and advanced 

valuation methods. Advanced valuation methods use the positional analysis and artificial 

intelligence approaches such as, artificial neural networks and fuzzy logic. For this reason, 

artificial intelligence studies related to real estate valuation have gained great importance in the 

last years [4]. For example, Sarpoulaki has used fuzzy logic in the real estate appraisal modeling 

in Tehran in 2002. In this modeling, non-math variables were defined in order to decide the sale 

of a house in the first stage. In the next stage, membership of the functions was defined by 

following non-math rules to define an ideal house, and then, it was embedded in the fuzzy logic 

structure. In this study, position, dimensions, cost and other features of a house were defined by 

Mamdani method. The properties specified in this method were defined by the user in the input 

and output operations. Necessary information was obtained from 1/2000 scale map of Iran city of 

Tehran [5]. In addition, Brondino and Silva used artificial neural networks in land valuation of 

cities in 1999 [6]. 

The evaluation processes that do not use artificial intelligence, force users to do unnecessary 

operations and it results a huge loss of time. Therefore, the users prefer the evaluation process 

which have artificial intelligence mostly [7]. D. Lenat and E. Feigenbaum describe the intelligence 

as “the ability to gather and combine data necessary to solve a complex problem” or “the ability 

to find a shortcut method for the solution of a complex problem by reducing the field of search [8]. 

Besides, artificial intelligence is the reflection of these properties in inorganic systems. In 1993, 

Luger and Stubblefield have been defined the artificial intelligence as the branch of computer 

science related to the automation of intelligent behaviours [9]. Although each of the methods of 

artificial intelligence has different structure and approach, the aim of each is to transfer the thought 

to the virtual platform. Fuzzy logic which is one of the artificial intelligence methods is used in 
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many areas such as engineering, medicine, statistics, machine management systems and so on. 

Fuzzy logic is actually computing with words. There are two major imperatives for computing 

with words. First, computing with words is a necessity when the available information is too 

imprecise to justify the use of numbers. And second, when there is a tolerance for imprecision 

which can be exploited to achieve tractability, robustness, low solution cost and better rapport with 

reality. Exploitation of the tolerance for imprecision is an issue of central importance in computing 

with words. 

In computing with words, a word is viewed as a label of a granule, that is, a fuzzy set of 

points drawn together by similarity, with the fuzzy set playing the role of a fuzzy constraint on a 

variable. The premises are assumed to be expressed as propositions in a natural language. For 

purposes of computation, the propositions are expressed as canonical forms which serve to place 

in evidence the fuzzy constraints that are implicit in the premises. Then, the rules of inference in 

fuzzy logic are employed to propagate the constraints from premises to conclusions [10]. The best 

aspect of fuzzy logic is that human experience can be modelled and partially or completely 

ambiguous concepts can be expressed numerically [11]. The objective of the study is to provide 

the fastest and most accurate way to construct a real estate appraisal model that takes into account 

regional preferences by using fuzzy logic for an objective approach. For example, in rural areas 

the soil is preferred to be fertile, whereas in urban areas the land is preferred to be close to the city 

center. 

2. Material and Method 

 

Real estate appraisal is the independent and impartial appreciation of the probable value of 

a real estate, real estate project or rights and benefits related to a real estate at a given date. Many 

different methods are used in real estate appraisal. These are examined under the titles of traditional 

valuation and advanced valuation methods. 

Traditional valuation methods: 

 Comparable method 

 Investment/Income method 

 Development/Residual method 

 Contractor’s method/Cost method 

 Multiple regression method 
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 Stepwise regression method 

Advanced valuation method: 

 Artificial neural networks (ANNs) 

 Hedonic pricing method 

 Spatial analysis method 

 Fuzzy logic 

 Autoregressive integrated moving average (ARIMA) [12]. 

In this study, fuzzy logic which is one of the advanced valuation methods is used. Fuzzy 

logic is an approach to computing based on "degrees of truth" rather than the usual "true or false" 

Boolean logic on which the modern computer is based. The idea of fuzzy logic was first advanced 

by Dr. Lotfi Zadeh of the University of California at Berkeley in the 1960s. Dr. Zadeh was working 

on the problem of computer understanding of natural language. Natural language is not easily 

translated into the absolute terms of 0 and 1. It may help to see fuzzy logic as the way reasoning 

really works and binary or Boolean logic is simply a special case of it. Fuzzy logic includes 0 and 

1 as extreme cases of truth but also includes the various states of truth [13]. In the study to 

determine the value of the real estate, fuzzy modeling has been used for selected five criteria and 

Buyukoyumca Neighbourhood in Samsun, Turkey was chosen as the working area. The scores of 

five selected criteria were defined in the membership functions editor in Matlab. Then, in the rule 

editor, the rule database was created and the values of real estates were determined by using the 

rule viewer. Selected criterias were area, age of building, location of building, average property of 

the building and average location point of building. The details were given in Table 1 to Table 9 

have been selected in order to determine the value of the real estate. 

 Area (1st criteria) 

Table 1. Area. 

Membership Area Value 

1st 

membership 

Small [0 80 

100] 

2nd 

membership 

Normal [80 

120 150] 

3rd 

membership 

Wide [120 

150 250] 
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 Age (2nd criteria) 

Table 2. Age. 

Membership Age Value 

1st 

membership 

Old [0 0 

20] 

2nd 

membership 

Normal [20 50 

80] 

3rd 

membership 

New [70 

100 100] 

 

 On which floor the apartment is located (3rd criteria) 

Table 3. Floor. 

Floor Position Point 

Ground floor 40 

Mezzanine 100 

Top floor 60 

 

 Average property of the apartment and building (4th criteria) 

Table 4. Number of Rooms. 

Rooms Point 

1+1 50 

2+1 60 

3+1 90 

4+1 95 

More 100 

 

Table 5. Heating Type. 

Heating Type Point 

Stove 30 

Combi 80 

Heat meter 90 

Central heating 100 
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Table 6. Interior Properties. 

Interior 

Properties 

Point 

Too old 0 

Old 40 

Normal 70 

New 100 

 

Table 7. Elevator. 

Elevator Point 

None 0 

Single 80 

More than one 100 

 

Table 8. Front Line. 

Front Line Point 

North-west 40 

North-east 50 

North-south 70 

East-west 80 

South-west 90 

South-east 100 

 

 Average location score (5th criteria) 

Table 9. Average Location Score. 

The Criteria Features Point 

Distance to 

public transport 

0-100 meter 40 

School, Green 

area, park, place of 

worship, health 

service 

All 20 

2-4 Available 15 

1-2 Available 7 

Distance to 

mall 

0-100 meter 30 
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Cultural 

situation 

Good 10 

Normal 5 

Bad -10 

Sound, 

environmental and air 

pollution 

High -30 

Low -10 

 

Then, the membership function editor was entered to edit the membership functions. The 

membership of selected criterias were obtained using the process was completed by selecting 

tables in the membership editor using the membership values of criterias. The apartment area, its 

memberships numbers and memberships function were selected as 0-250, three and triangle, 

respectively. The building age, memberships numbers and memberships function were selected as 

0-100, three and triangle. The editor for defining these values in the Matlab is shown in the Figure 

1. 

 

Figure 1. Membership function editor. 

 

In the process, the memberships were created to define rules from the rule editor. The rules 

must be defined to get expert opinion. The person taken expert opinion should know the area and 

the current fair prices. The expert can support his / her opinion with a real estate valuation report 

which shows the objectively determined costs. The image of the rule editor is given in Figure 2. 
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Figure 2. Rule editor. 

 

The information according to properties in the Figure 3 were obtained from real estate 

appraisal reports. 

 

Figure 3. Real estate information. 

 

Then, the data was modelled by creating rules through the rule editor, and the results were 

displayed by the rule viewer. 
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Figure 4. Rule viewer. 

 

 Two types of fuzzy inference systems can be applied to the Matlab fuzzy toolbox. These 

are Mamdani and Sugeno. These two types of inference systems vary somewhat in the way outputs 

are determined. Mamdani's fuzzy inference method is the most commonly seen fuzzy 

methodology. Mamdani's method was among the first control systems built using fuzzy set theory. 

It was proposed in 1975 by Ebrahim Mamdani as an attempt to control a steam engine and boiler 

combination by synthesizing a set of linguistic control rules obtained from experienced human 

operators [14]. Mamdani's effort was based on Lotfi Zadeh's 1973 paper on fuzzy algorithms for 

complex systems and decision processes [15]. Although the inference process described in the next 

few sections differs somewhat from the methods described in the original paper, the basic idea is 

much the same. Mamdani-type inference, as defined for the toolbox, expects the output 

membership functions to be fuzzy sets. After the aggregation process, there is a fuzzy set for each 

output variable that needs defuzzification. It is possible, and in many cases much more efficient, 

to use a single spike as the output membership function rather than a distributed fuzzy set [16]. 

This type of output is sometimes known as a singleton output membership function, and it can be 

thought of as a pre-defuzzified fuzzy set. It enhances the efficiency of the defuzzification process 

because it greatly simplifies the computation required by the more general Mamdani method, 

which finds the centroid of a two-dimensional function. Rather than integrating across the two-

dimensional function to find the centroid, you use the weighted average of a few data points. 
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Sugeno-type systems support this type of model. In general, Sugeno-type systems can be used to 

model any inference system in which the output membership functions are either linear or constant 

[17]. 

3. Results and Discussion 

 

The Matlab fuzzy toolbox was used for real estate values using Mamdani structure. It is seen 

that, the results of Mamdani structure were very close to the real value. The evaluation process 

should contain different rules for each region. The accuracy of the Mamdani structure was found 

to be between 85.20% and 88.5% for different applications. This shows that fuzzy logic can be 

used in real estate appraisal applications. 

In this study, it has been shown that modeling with appropriate criteria for local habits can 

be done with the help of fuzzy logic. It can be said that the Mamdani structure gives values within 

the proper and acceptable limits regarding the real estate appraisal. This study shows that real 

estate appraisal modeling can be done in each region. The criteria affecting the real estate value 

vary according to regional preferences. In the study, common criteria which were known and 

investigated by everyone were used. If you want to create a model for any region, it can be created 

by changing the criteria or adapting to the region. If the results of the valuation are wanted to be 

more precise, the rule base can be kept wide so that accurate results can be obtained. The subject 

of real estate appraisal is an important and researched issue for countries. Therefore, modeling in 

order to obtain objective and accurate results will prevent both times, labor and economic losses. 

Modeling works on real estate appraisal is an important issue for countries because it includes 

expropriation, taxation and credit. If regional scale modeling is required, computers should be well 

developed and rule bases should be wide as possible. Fuzzy logic, one of the artificial intelligence 

systems, seems to be a very convenient method for establishing the real estate appraisal system. 

This study demonstrates the usability of the method for real estate appraisal. 
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Abstract 

 

In today's industry, many manufacturing companies use Make-To-Order (MTO) production 

systems to take advantage of these systems. The main advantage of these systems is that they lead 

to decrease the amount of finished goods inventories. However, these systems have a significant 

disadvantage. The manufacturer might deal with the set of orders which are greater than the 

available capacities. Accepting a large number of orders without considering the available 

resources’ capacity may cause delay in delivery of other orders. Consequently, this manufacturing 

company may experience dissatisfaction of customers and/or even losing some customers. 

Therefore, manufacturing companies need to show more sensitivity in the acceptance or rejection 

of new orders.In this paper, a web-based software is developed to eliminate the mentioned issue 

in a boiler production company. First, the processes of the enterprise are analyzed and the standard 

time of the processes is determined. Second, with an Android-based program, real-time inventory 

information is integrated into the software. Then, by establishing the flexible flow scheduling 

mathematical model, the production schedule and due date of the new orders are determined 

according to the current inventory status. As a result, a more realistic decision-making mechanism 

has been formed to acceptance or rejection of the new orders and the customer dissatisfaction has 

been greatly reduced. 

 

Keywords: scheduling, order acceptance, flexible flow shop production, software 
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1. Introduction  

In the past, organizations used to focus on high volume production of relatively new products, but in the 

current business environment, they face the challenge of competitive factors such as efficiency and variety. 

The efficient running of an organization depends on capacity utilization; an optimum way of utilizing 

capacity is by ensuring a balance between demand and capacity. So, in companies with limited capacity, 

acceptance the large number of orders may cause delay in delivery of some orders without considering the 

available capacity of resources. Consequently, this manufacturing company may experience dissatisfaction 

of customers and/or even lose some customers. Therefore, late delivery of some orders may result in 

penalties that decreased total profit. Thus, a manufacturing company should choose the subset of orders and 

then determine the orders’ schedule. Order acceptance problems can be viewed at three levels namely: 

strategic, tactical and operational. Strategic level problems address the management of customer segments; 

the tactical level problems address the management of capacity allocations, and operational level problems 

are concerned with handling of scheduling of orders.  (Herbots, Herroelen, and Leus 2007). Capacity 

limitations can be overcome by the addition of various resources, or outsourcing when performance is 

planned within long/medium-term time horizons. With short-term decisions however, the option of 

providing alternate mechanisms to 

process an order is limited by the planned capacity. This makes it possible to process and 

fulfil only some orders out of the total number received. Therefore, the decision maker 

chooses to either accept or reject orders keeping in mind the objective of maximizing 

revenue or profit according to the availability of resources, particularly when these are 

limited.  

The Order Acceptance and Scheduling (OAS) problem has attracted considerable attention 

recently. Slotnick and Morton (1996) and Ghosh (1997) carried out the first studies. They considered the 

OAS problem in a single-machine environment. The objective was to maximize the net profit that was equal 

the total revenue of all accepted orders minus any lateness penalties. 

Slotnick and Morton (1996) developed a branch-and-bound (B&B) algorithm to solve this 

problem optimally and presented two heuristics for an approximate solution. Ghosh (1997) mostly focused 

on the theoretical aspects of this problem. He proved that the problem was NP-hard. Lewis and Slotnick 

(2002) presented a model for multiple periods where rejecting a job 

would result in no future jobs from that customer. They developed a dynamic programming 

approach and a number of heuristics for this case. Slotnick and Morton (2007) proposed a 

B&B algorithm for the problem. Rom and Slotnick (2009) presented a genetic algorithm for 

the OAS problem. Oguz, Salman, and Yalçın (2010) and Cesaret, Oğuz, and Salman (2012) considered the 

case where the orders had release time and sequence-dependent setup times. They gave a Mixed Integer 

Linear Programming (MILP) model that could be solved optimally for instances with up to 10 jobs within 

a one-hour time limit. They also developed three heuristics. Cesaret, Oğuz, and Salman (2012) presented a 

Tabu search algorithm for solving the proposed model. Nobibon and Leus (2011)  considered a situation 

with an order pool consisting of two disjoint sub sets of planned jobs and selectable jobs and developed 

exact algorithms to solve this problem. Park et al. (2013) developed a genetic programming based on hyper-

heuristics for an OAS problem. Zhong, Ou, and Wang (2014) considered an order acceptance and 

scheduling model with machine availability constraints. Mestry, Damodaran, and Chen (2011) presented 

an extended model by adding overtime and fixed due dates to the multi-machine problem so that order 

acceptance profits were maximized. Wang, Xie, and Cheng (2013) developed an OAS model in a two-
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machine flow shop system and solved it using a B&B algorithm. The interested reader is referred to the 

works of Keskinocak and Tayur (2004), Slotnick (2011) and Palakiti, Mohan, and Ganesan (2019) for more 

details and an extensive review of literature.  

In this paper, a web-based software is developed to eliminate the mentioned issue in a boiler production 

company. First, the processes of the enterprise are analyzed and the standard time of the processes is 

determined. Second, with an Android-based program, real-time inventory information is integrated into the 

software. Then, by establishing the flexible flow scheduling mathematical model, the production schedule 

and due date of the new orders are determined according to the current inventory status. As a result, a more 

realistic decision-making mechanism has been formed to acceptance or rejection of the new orders and the 

customer dissatisfaction has been greatly reduced. 

 

2. Materials and Method 

This study has been carried out in three stages. The first stage is to evaluate the production process. Second 

stage is to developed data collecting system. In order to developed the software, an appropriate 

mathematical model of scheduling has been adopted for the problem at hand.  After that a relations diagrams 

among production system entities have been designed. At the end,  a web-based software has been 

developed by using scheduling model and other materials.  

 

2.1. Evaluation of production process: 

 

 In this study, firstly the general structure of Boiler was evaluated. A boiler consists of five main parts: 

body, bump cover, serpentine, sleeves and flanges. Each part is produced separately. After these parts 

are assembled to form boiler, the other processes like test, acid pool, enamel, firing and polyurethane 

coating are performed. Finally, they are packed and made ready for shipment. In order to determine the 

approximate due dates of incoming orders, it is necessary to determine how long each order is required. 

Therefore, the processes that are being carried out from the start to the end of each order are listed and 

the time that these processes are performed by qualified person is determined by the work measurement 

methods. For each boiler with different capacity, work measurement study is conducted in each process.  

2.2. Date collection system : 

  In order to estimate the delivery time, it is necessary to know the system's fill rate. A data collection 

system has been proposed for this purpose. The Android-based program is designed for this purpose 

(Figure 1). In this program, the operator provides data entry by recording the start and end time of the 

completed work at each process. Here, the operator after selecting the boiler type, he will introduce the 

order cod to the system Then the operator will touch the “START” key when starting the process on 

each product, and when the process is finished, the “Finish” button will be pressed. As a result of this 

operation, the completion time (in hours) of the previous job and the start time of the new job and real-

time inventory information will be recorded in the related database. 
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Figure 1. Data collection software 

 

 

2.3.Flexible flow shop scheduling  

A flexible flow shop (FFS) consists of a flow line with several parallel machines on some or all production 

stages. Multiple products are produced in such a flow line. While all the products follow the same linear 

path through the system, all of them may not visit all the stages of production. On each of the stages, one 

of the parallel machines has to be selected for the production of a given product. The production of a product 

consists of multiple operations, one for each production stage. When an operation is started on a machine, 

it must be finished without interruption. This is shown in Figure (3). 

 

 

Figure 1. Flexible flow shop production system 

Mathematical model has been developed in accordance with the flexible flow-shop production 

system of the enterprise. The model aims to minimize the maximum completion time (Makespan). The 

parameters and decision variables used in this model are as follows: 
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Parameters and Decision Variables 

h, j, k order index 

i station index index   

l machine index in i. station 

s station number   

mi Number of machines in the i. station 

OTji operation time of j. order in i. station  

M big number 

Eij   = {
1   𝑗. sipariş 𝑖. istasyonda yapılıyorsa
0                                 diğer durumlarda

 

Cji   completion time of j. order in i. station 

Cmax maximum completion time  

Xjkil = 

{
1   𝑏𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 𝑡𝑎𝑘𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 1 𝑖𝑓 𝑗𝑜𝑏 𝑗 𝑖𝑠 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑒𝑑 𝑎𝑓𝑡𝑒𝑟 𝑗𝑜𝑏 𝑘 𝑜𝑛 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑙 𝑜𝑓 𝑠𝑡𝑎𝑔𝑒 𝑖 .
0                                                                                                                                                      otherwise          

 

Ei        Sequence of jobs to be processed in phase I     |Ei|=ei 

 

Objective function  

min (Cmax)                                                                                                        (0)   

constraints  

∑ ∑ 𝑋𝑗𝑘𝑖𝑙 
𝑚𝑖
𝑙=1𝑘∊{0∪𝐸𝑖},𝑘≠𝑗 = 1                ∀𝑖,𝑗∊𝐸𝑖                                                                                            (1)       

∑ ∑ 𝑋𝑗𝑘𝑖𝑙
𝑚𝑖
𝑙=1𝑗∊𝐸𝑖,𝑗≠𝑘  ≤ 1                      ∀𝑖,𝑘∊𝐸𝑖                                                                                            (2)            

∑ 𝑋𝑗0𝑖𝑙 ≤ 1𝑗∊𝐸𝑖
                                     ∀𝑖,𝑙                                                                                                (3)                                                     

∑ 𝑋𝑗𝑘𝑖𝑙𝑗∊𝐸𝑖,𝑗≠𝑘 ≤ ∑ 𝑋𝑘𝑗𝑖𝑙𝑗∊{0∪𝐸𝑖},𝑘≠𝑗     ∀𝑖,𝑙,𝑘∊𝐸𝑖                                                                                           (4)   

Xkhil ≤ M [2-(Xjkil)+(Xhjil)]                    ∀𝑖,𝑙,𝑘∊𝐸𝑖                                                                                           (5)           

∑ 𝑋𝑗𝑘𝑖𝑙
𝑚𝑖
𝑙=1 + ∑ 𝑋𝑘𝑗𝑖𝑙

𝑚𝑖
𝑙=1  ≤ 1                ∀𝑖,(𝑗,𝑘)∊𝐸𝑖                                                                                        (6)                                               

Cj1 ≥ OTj1                ∀𝑗∊𝐸1                                                                                                    (7)  

 Cj(i-1) + OTji ≤ Cji      ∀𝑗,𝑖>𝑙                                                                                        (8)  

Cki + OTji – M(1-∑ 𝑋𝑗𝑖𝑘𝑙
𝑚𝑖
𝑙=1  ) < Cji    ∀𝑖,𝑗,𝑘∊𝐸𝑖,𝑘≠𝑗                                                                                       (9) 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

Cmax ≥ Cjs     ∀𝑗                                                                                           (10) 

Cji ≥ 0        ∀𝑗,i                                                                               (11) 

Xjikl ∊ {0,1}    ∀𝑖,𝑙,𝑗∊𝐸𝑖,𝑘∊{0∪𝐸𝑖},𝑘≠𝑗                                                                                     (12)  

 

In this model, Constraint set (1) assures that every job has exactly one preceding job at each stage. 

Constraint set (2) specifies that each job has at most one succeeding job (since there is no job after the last 

job on each machine). Constraint set (3) ensures that dummy job 0 has at most one succeeding job. 

Constraint set (4) assures that for each job at each stage there is one and only one machine satisfying the 

previous three conditions. Constraint set (5-6) guarantee the priority relationships of  jobs. Constraint set 

(7) controls that the completion time of job at each stage is greater than its processing time. Similarity, 

constraint set (8) gives the completion time in subsequence stages. Constraint set (9) implies the relation 

between any consecutive jobs at each stage respect the sequence. Constraint set (10) calculates makespan. 

Finally, constraint sets (11) and (12) define the decision variables. 

The proposed model is based on the general assumptions of scheduling problems. Based on these 

assumptions, it is assumed that the machines will not fail and will be ready for use during the scheduling 

period. There is no stochastic situation. The number of jobs, the number of machines, processing times, 

setup times are deterministic. It is also assumed that the system is static. When scheduling is done, it is 

assumed that all orders (jobs) and machines are available and that no new order have entered the system 

during scheduling. 

 

3. Software Development 

In the previous sections the production process of the company was examined and the production process 

was determined separately for each type of product. Work measurement analyze was performed for each 

production stage and the standard time of each process was determined. Then an Android-based data 

collection program was developed. In order to determine the due date of the incoming orders and to make 

the production schedule, a mathematical model was developed by taking into consideration the existing 

orders and the processing time of each order. Finally, a software has been developed that containing all of 

these data. This section describes the interfaces of the developed software in detail. 

Developed scheduling software is web based and the user enters the system by typing the e-mail address 

and password (Figure 4) . 
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Figure 2. Login interface 

When the user enters the site, the ‘Home’ page appears. In the home page, the left-hand menu tabs are used 

to perform the necessary tasks. The user can perform the necessary operations  like “profile information”, 

“edit profile” and “Delete profile” through the tabs in the user profile section (Figure 5). 

 

 

Figure 3.  System's home page 

On the left side of the home page, there are “home page”, “order”, “customer”, “Schedule”, “Product”, 

“User settings”, “calendar” and “station” tabs. Each of these tabs performs a separate operation. Some of 

these tabs are described below. 

Customer Tab: 

Operator by clicking "Add Customer" button in the costumer tab enters to the add customer page and can 

add a new customer or edit existence customer (Figure 6). 
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Figure 4. Customer Tab 

 

Order Tab:  

When you click the “Add Order” button in this tab, the interface shown in Figure (7) is displayed. In this 

interface, customer is selected if the customer is new we can add new customer.  Then by clicking on the 

“next” button, the product selection interface is switched (Figure 8).  

 

 

Figure 5. Order Tab 
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Figure 6. Product selection interface 

The selected products of orders are added to the ‘Order Basket’ (Figure 9). Through this stage, the user can 

add new products, delete the selected product or change the quantity. After completing the product 

selection, he or she can confirm the order basket and apply to calculate due dates and Production Schedule, 

interface, or cancel the order and return to the customer selection interface. In this stage, the operator can 

also cancel the order and return to the customer selection interface. 

 

Figure 7. Order Basket 

After the user confirms the order basket, the program solves the mathematical model by running the 

‘GUROBI’ optimization program in the background. Order Delivery Dates and Production Schedule are 

obtained from this solution (Figure 10). 
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Figure 8. Production Schedule 

Schedule Tab:  

In order to view the production schedule, the user enters the ‘Daily Schedule’ interface by clicking on the 

“Schedule” tab in the home page (Figure 11). 

 

Figure 9. Daily Schedule 

Product Tab: 

In order to add product category, user can click on “Product” tab in the main interface and click “Add 

Product Category” button to Add Product Category. The User can also view existing product categories, 

add new categories, update or delete an existing category. 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

Figure 10. Add Product Category interface 

 

 

4. Conclusion  

In this study, the real problem of a firm has been tried to solve. The developed software will help to 

decisions makers about accept or reject the new orders, and simultaneously will generate the production 

schedule and due date of accepted order.  Real-time data from the production system has been collected 

with an Android-based program. Then, by establishing the flexible flow scheduling mathematical 

model, the production schedule and due date of the new orders are determined according to 

collected data. As a result, a more realistic decision-making mechanism as user-interface has been 

formed for acceptance or rejection of the new orders and the customer dissatisfaction has been 

greatly reduced. 

The developed system has been tested for an enterprise located in Samsun, TURKEY. The 

obtained results were promising and the enterprise has been started to use the developed software. 
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Abstract 

 

There are lots of type of ERP's software. These software’s are changeable according to needs of 

companies. This situation is complicating to choosing a ERP program. This study will explain that 

truest choosing of ERP application in a different sectors and different process of business life. 

Criteria and alternatives are evaluated according to needs. criteria were researched in literature 

then these criteria were separated four main ways. These pioneer criteria and subcriteria were 

prepared in survey shape. Then, this survey was directed to alternative software users. Weightings 

of criteria were calculated with AHP as a decision’s method. AHP could harbor lots of criteria. 

Also, six alternatives of these criteria were determined with Promethee as a decisions method and 

these alternatives were arrayed. These methods were created for service sectors and construction 

sectors. So, this study is showing that discrepancy of sectors is affecting to end of evaluating. 

 

Keywords: ERP, Multiple Criteria Decision Making (MCDM), PROMETHEE 
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Introduction 

ERP is an abbreviation that stands for ‘Enterprise resource planning’ and it is a software that 

includes integrated systems. In this system, all the data is stored in a single database which stores, 

shares and functions as a center for the information flow within different departments including 

business functions (Elragal & Haddara, 2012). 

ERP systems can be described as a wide organization as well, a unified information system 

that helps managing and coordinating all the resources, information and functions of an 

enterprise’s data warehouses. Since ERP systems aim to merge all corporate information into a 

main database, which allow the merging of all information from many different organizational 

positions (Kallunki, Laitinen, & Silvola, 2011) 

According to the American Production and Inventory Control society (APICS), ERP is 

defined as a method for effectively planning and controlling all the resources that need to receive, 

make, send, and account for customer orders in a production, distribution or service organization. 

By combining activities in this way, it can be defined as a software that supports the ongoing of 

all the information flow through the company such as financing , accounting, human resources, 

supply chain and customer information (Madanhire & Mbohwa, 2016). 

Nowadays, ERP system software, which is stand out in most of the large-scale companies, 

has come to the fore as a need for small and medium-size companies to work integrated and 

increase their competitiveness (Bayraktar & Mehmet, 2006).With the growth in the needs of ERP 

systems, these systems have started to diversify. Various software is available on the market 

however they are not classified according to their sector.  In this study, sectoral classification of 

these software will be made and the criteria for ERP system selection will be defined on the basis 

of large, medium and small company’s needs.  

Material and Method 

Today, decision-making is carried out for many issues. Decision-making is to select the most 

appropriate one of the various alternatives that may be appropriate according to the criteria in order 

to achieve a goal. All decisions need to be passed through the decision stages in Figure 1, which 

are determined in order to be healthy and achieve the aim. 
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Figure 11: Methodology of the Decision-Making 

With these stages, the decision-making process is completed. However, in everyday life, 

these stages are passed unnoticed and decision-making processes. Here, the magnitude of the 

problem or issue to which the decision-making process will be made becomes important. It is a 

multi-criteria decision-making decision that comes to mind before situations where it is necessary 

to manage the decision-making process. Some methods are also needed for multi-criteria decision 

making. 

Multi-Criteria Decision-making has been one of the areas of Operational Research that has 

grown rapidly over the last two decades. The Multi-Criteria decision is often related to the ranking 

of many concrete alternatives from the best to the worst, or the selection of the best alternatives 

based on a number of conflicting criteria (Zhaoxu & Min, 2010). 

In the literature (Wei, Chien, & Wang, 2005), an enterprise in the electricity sector made the 

ERP software selection process by using AHP method to make decisions among alternatives. 

(Perera & K. R. Costa, 2008) studied ERP selection process with AHP method in a production 

sector. (Ertugrul Karsak & Okan Özogul, 2009) in the study, Quality function diffusion analysis 

and weighted 0-1 Target Programming methods and ERP selection process was discussed. (Perçin 

& Gök Kisa, 2013)also discussed ERP selection process with Analytical Network Process (ANP) 

and TOPSIS method which is one of the multi-criteria decision making techniques.  (Kilic, Zaim, 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

& Delen, 2014) conducted an ERP selection process with AHP method for a company in the 

aviation sector. (Başar & Düzce, 2017) used VIKOR method, which is one of the multi-criteria 

decision making methods, to handle the ERP selection process for a company in the manufacturing 

sector. (Lien, Chan, & Lien, 2019) conducted ERP selection process with fuzzy AHP method. 

In this study, it was decided to use AHP Method for evaluation of criteria at the decision 

making stage for the problem definition that is ERP software selection of the introduction section 

and PROMETHEE method to determine the priority functions and alternatives functions 

determined by the decision making team based on the criteria evaluated. 

2.1. AHP Technique 

AHP is a measurement theory through binary comparisons and is based on experts' decisions 

to obtain priority scales (Taherdoost, 2017). AHP has been extensively studied in the literature and 

has been used in almost all applications related to multi-criteria decision-making in the last 20 

years (Ho, 2008). There are a hierarchy of steps to implement this method. These steps are shown 

in Figure 2. 

 

Figure 12: AHP Hierarchy Steps 

Once the hierarchy has been established, decision-making teams systematically evaluate the 

various elements at the same time in relation to their impact on an element in the hierarchy. In 

comparisons, decision-making teams can use concrete data about elements, but they often make 

judgments about the relative meaning and importance of elements. The most important point of 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

the AHP is that not only basic information but also human rights can be used in evaluations 

(Majumder & Saha, 2016). 

2.2. PROMETHEE Method 

PROMETHEE methods belong to the family of outranking methods and developed in early 

1980s by Brans et all (1986). They have suggested two methodological families: namely, 

PROMETHEE I for partial ranking and PROMETHEE II for complete ranking. Several years later, 

other versions of the PROMETHEE methods were developed to tackle more complicated decision-

making problems. These versions include PROMETHEE III for ranking based on intervals, 

PROMETHEE IV for continuous cases, PROMETHEE V for problems with segmentation 

constrains, PROMETHEE VI for human brain representations, PROMETHEE GDSS for group 

decision-making, PROMETHEE TRI for sorting problems, and PROMETHEE CLUSTER for 

nominal classification. The success of the PROMETHEE methodology in various applications is 

attributed to its flexibility and ease of use. (Behzadian et all, 2010) indicated that the application 

of PROMETHEE can be grouped into nine areas: environmental management, hydrology and 

water management, business and financial management, chemistry, logistics and transportation, 

manufacturing and assembly, energy management, social and other topics (medicine, agriculture, 

education, design, and sports). 

 

Application 

In this study, an application has been made by using multi criteria decision making methods 

in ERP software selection process. Criteria have been determined for the problem definition within 

the scope of the application and these criteria have been evaluated by the users with the help of 

survey. In the next stage, alternatives were identified. Weights of criteria were calculated with 

AHP, one of the many decision making methods, and the order of alternatives was determined by 

PROMETHEE method. 

A company that decides to use an ERP system needs to pay attention to certain criteria in 

order to choose from a wide variety of ERP systems that include the features it determines. This 

company that intends to integrate an ERP system should first determine its needs and determine 

the criteria to be classified as priority in line with these needs. For this reason, many criteria 
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evaluated in the literature were investigated in this study. These criteria are grouped under 4 main 

headings; Cost, Technical Specifications, Usage Characteristics and Supplier Features are 

determined. 

The alternatives identified in this study represent ERP software, which is expressed as AA, 

AB, AC, AD, AE and AF, taking into account the confidentiality principles. The criterion 

evaluation of the alternatives was determined with the data obtained from the survey studies. 

Since the questionnaire was based on the evaluation of all criteria, it was addressed to users 

in different sections. These departments are Information Processing, Purchasing, Sales, Marketing, 

Production and Planning, Quality and Supply Chain Department. In the survey, the criteria were 

asked to be evaluated with scores determined from 1 to 5 states that 1-Insignificant, 2-Less 

Important, 3-Neither Important Nor Insignificant, 4-Important ve 5-Very Important.21 different 

survey data were collected. The arithmetic mean of the data for the same software is taken. Thus, 

the data for evaluating all alternatives are indicated with average values. The Verbal Assessment 

of Criteria Survey Data is shown in Table 1. 

Table 1: Criteria’ Survey Data Verbal Assessment 

Criteria Survey Data 

Cost Important 

Technical Properties Neither Important Nor Insignificant 

Usage Properties Very Important 

Supplier Properties Less Important 

3.1. AHP Technique Application 

Each criterion was compared with the other criterion, taking into account the evaluation of 

the survey data. Table 2 shows the importance comparison of criteria. 

Table 2: Importance Comparison of Criteria 

Comparison of 

Importance Criteria 
Cost 

Technical 

Properties 

Usage 

Properties 

Supplier 

Properties 

Cost 1 3 1/3 7 

Technical Properties 1/3 1 1/5 5 

Usage Properties 3 5 1 9 

Supplier Properties 1/7 1/5 1/9 1 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

The data were normalized by taking into consideration the importance comparison of the 

criteria. With this normalization, weights of the criteria in Table 3 were calculated. 

Table 3: Normalization of Criteria 

Normalization of 

Criteria 
Cost 

Technical 

Properties 

Usage 

Properties 

Supplier 

Properties 

Cost 0,22 0,33 0,20 0,32 

Technical Properties 0,07 0,11 0,12 0,23 

Usage Properties 0,67 0,54 0,61 0,41 

Supplier Properties 0,03 0,02 0,07 0,05 

Using the normalization table, the arithmetic mean of the criterion data and row components 

is taken. These average values give priority values of the criteria in Table 4. 

Table 4: Criteria Weights 

Criteria Prioritization Weights 

Cost 0,27 

Technical Properties 0,13 

Usage Properties 0,56 

Supplier Properties 0,04 

According to these data, when the four preliminary criteria are evaluated together, it is 

understood that the first criterion has the importance of 27%, the second 13%, the third 56% and 

the fourth 4%. Given that survey data are generally evaluated by users, it is inevitable that the 

weight of the user characteristics criterion will be more important than the other criteria. The 

criterion weights will give different results according to the variability of the evaluator population 

of the survey data. However, the assessment of users is recommended to approach a more optimal 

outcome. 

3.1. PROMETHEE Technique Application 

Considering the criteria weights determined by AHP, the data table for the alternatives was 

hypothetically created. Then, the preference functions for the criteria were determined. It is 

determined as Type 1 (Linear) for cost criterion, Type 2 (U Type) for Technical Specifications, 

Type 3 (V Type) for Usage Properties and Type 4 (Level) for Supplier Properties. In the Visual 

PROMETHEE program, Scenario 1 was used for the Construction sector and Scenario 2 was used 
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for the Metal sector, using different hypothetical data for the same criteria which is evaluated 

weights with AHP for the same alternatives. Table 5 shows the positive and negative flow values 

for the construction, metal and plastic sectors. The net flow of each sectors is also seen in Table 5.  

Based on the net flows, ERP software has been ranked. 

 

Table 5: Positive, Negative and Net Flows for Each sector 

 

 

 

As a result, when the same criteria determined according to the need and the same 

alternatives were evaluated in different sectors, the results reached for the two sample sectors were 

different. The most optimal software for the construction sector was identified as AD, AF, AC, 

AB, AA and AE software respectively, and AF, AD, AB, AC, AA and AE software for Metal 

sector respectively. D software is the most suitable software for the construction sector, F software 

is recommended for the metal sector. In addition, Rainbow results from the Visual PROMETHEE 

program are shown in Figure 3 and Figure 4 to see how criteria affect the alternatives. 
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Figure 3: Visual PROMETHEE  Rainbow Results for Construction Sector  

 

Figure 4: Visual PROMETHEE Rainbow Results for Metal Sector 

As a result, While the most effective criteria of the AD software for the construction sector 

appears to be the technical properties, the importance of the Technical Properties and the User 

Properties criteria for the AF software for the metal sector appears to be important. The fact that 

the cost criteria is not seen here is explained by the fact that the survey evaluators are users. The 

criteria of supplier properties are the least affected. Thus, it has been observed that sectoral 

difference has also resulted in different results and the importance of criteria varies. 

Results and Discussion 

In this study conducted with the aim of managing the successful ERP selection process 

mentioned in the introductory section, 4 main different criteria were determined for the evaluation 
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of enterprises using 8 different alternative software. The survey was conducted and the criteria 

were evaluated within the ERP software used on a sectoral basis. As a result of the evaluation, 

alternatives were determined. As a result of the evaluation, alternatives were determined. The 

criteria were weighted using AHP method and survey data. Alternatives were evaluated on the 

basis of criteria weights with PROMETHEE method. Data were analyzed with AHP and 

PROMETHEE methods and it was found that D software, which is called the best decision points, 

meets the needs of the construction sector, while F software meets the needs of the metal sector. 

In this case, it was determined that the criteria should be evaluated under the influence of sectoral 

factor. In other words, the application of ERP selection process for the enterprises in 2 different 

sectors revealed the importance of sectoral difference. In addition, by testing the consistency of 

the survey data, it was concluded that there would be a tendency towards a more efficient ERP 

selection process. In addition, it is seen that the existence of all ERP system providers and software 

on a single platform, the diversity and suitability can be tested online in a short time in order to 

easily reach the data needed while managing this process, it has shortened the process of 

identifying alternatives. Turkey also supports the providers of ERP systems, benchmarking 

systems can be grouped into a single platform and be accessible and accurate information are 

provided through online or cloud system. This ERP selection process and proposals are evaluated 

in multiple conditions in Turkey as long as it can become complicated with. 
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Abstract 

 

As a raw material wood production activities have three main stages; cutting, subtraction and 

abroad transport. Substraction can be defined as removal of logs of 4-6 meters length from the 

cutting zone. This process includes the sub process those are held to transport log from cutting 

zone to transport trucks. Although it is a process requiring hazardous power for occupational health 

and safety, the use of advanced technology in forest land is limited. As a result of the fact that 

forest areas in our country are generally located in mountainous areas, removal activities are 

carried out with 90% manpower as a result of factors such as working conditions in difficult land 

conditions, state forestry and lack of technology. From this poin of view, a combined loading 

system should be developed in order to load heavy logs brought to the edge of forest roads by the 

log loader crane to the truck body or to a specific location easily. A log loading crane which 

receives its drive from the truck to which it is connected, and can catch and grabb the logs that has 

been cut and pulled to the road with its attachment will increase the overall productivity in the 

wood industry. In order to reach the dead points around the vehicle, the crane-vehicle connection 

mechanism should be designed in a structure that can move back and forth. In this study, an 

functionally increased log loader crane is designed to meet these needs. 
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1. Introduction 

 

Wood raw material production activities consist of three main stages: cutting, extraction and 

transportation. Loading and unloading of wood raw material in the forest road or ramps in trucks 

and unloading in warehouses are also among the difficult, expensive and risky intermediate 

activities such as removal from the compartment. The rate of production mechanization in forestry 

in developed countries is much higher than in our country. [1] The process of bringing the wood 

raw material from the place where it is cut into the forest to the edge of the forest road where trucks 

will be transported is very difficult, expensive and the highest environmental damage. This forestry 

activity, where the use of technology is limited, is of greater importance, especially in mountainous 

terrain, economically, ergonomically and environmentally. In Turkey, the timber to the nearest 

forest road from the base of the tree is often moved by human power. This primitive squeeze causes 

economic losses. In the logs which are generally tried to be removed from the chamber in the form 

of manpower, there are damages to the environment (soil, saplings, remaining trees, etc.), workers, 

work tools and the log being transported. The most important damages are the cracking, rupture 

and splitting which occur on the transported timber, along with the fringing, peeling and rupture 

of the logs at almost every log. The damages of the log head which occur in almost every log 

carried to the forest road by being sifted are compensated by the cut-off allowances. [2] 

Wood production starts at the point where the tree is cut and goes through a series of stages 

until it reaches the last warehouse. After cutting-tilting in the forest, logs are prepared in lengths 

of 4-6 meters, taking into account the forest road conditions and ease of crawling in our country. 

It is a difficult, dangerous process that may cause damage to the environment and the transported 

product by removing these logs from the bottom of the tree stump to the nearest forest road. 

Loading of wood raw materials brought to the forest road to trucks, transporting them to final 

warehouses and stacking them in the warehouses are difficult but less damaging to environment-

stone product. Other techniques such as sewn sales or winter cutting, which have been increasing 

in our country in recent years, cannot eliminate the losses during removal from the compartment. 

Briefly, removal losses are only p Among the forestry activities, production activities are the most 

comprehensive and the most difficult stages. These studies encompass a long way from the 

stamping of a tree in the stand to the final storage. The first stage of production is to cut the tree in 

its place. The product, which is turned into log or firewood at the cutting point, is transported to 
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the nearest road in three different ways. The first is the transportation of the product in the form of 

throwing and skidding due to gravity due to manpower; second, flocking with animal power such 

as horses, oxen or buffalo; the third is agricultural tractors, special forest tractors and crane air 

lines. All of these studies are called subtraction or primary transport. The forest products stacked 

here are brought to the nearest forest road and loaded to trucks and tractor-trailers. This study is 

also called secondary transport. Finally, the forest products brought to the main warehouse are 

separated according to the product type, stacks are formed and prepared for sale for the market. 

[4] Turkey's business wood production scheme is provided below.ossible with advanced removal 

techniques.  

 

 

Figure 1 Wood production chain 

 

Occupational physiology is a science that deals with the state, type, weight, duration of the 

job, and the physical and mental pressure caused by the conditions of the workplace. Performing 

forest works with a large amount of physical force causes not only fatigue and negative effects on 

organs, but also unnecessary energy consumption. [3] Transport by trucks is achieved by 

increasing the efficiency and reducing the transport distance in a short time or shortening the 
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loading time. If road standards are met, it will be possible to increase the truck load that can be 

transported at one time by adding axles, thereby increasing daily yield. [5] 

Transportation time in forestry is extremely important for the products to be marketed in the 

year they are produced, without loss of economic value and to meet the expenses of the enterprise. 

As it is known, when the forest products are left in the forest due to the lack of timely transport, 

they suffer a great loss of quality. This affects all programs of the enterprises and the expected 

inputs cannot be provided. For this reason, transportation programs in production jobs should be 

prepared considering extremely healthy and real time values. [6] 

A combined loading system should be developed in order to load heavy logs brought to the 

edge of forest roads by logging hoist crane easily to the truck body or to a certain location. The 

log loading machine (crane), which receives the drive from the truck to which it is connected, a 

log loading machine capable of capturing the cut and pulled log by means of the grab attachment 

at its end will increase the overall productivity in the wood sector. In order to reach the dead points 

around the vehicle, the connection point to the vehicle should be designed in a structure that can 

move back and forth. In this study, an increased functional log loader crane was designed to meet 

these needs. It provides access to large areas by moving back and forth on the chassis of the truck 

with its skid system. [7] 

It is the remanufacturing of the log loading crane which will load logs that are taken close to 

the roads in the forest lands where industrial and maintenance trees are cut. The machine is 

mounted on the truck and it is provided to use both the motor system that will provide movement 

and transportation. With the help of a hydraulic pump connected to the engine system of the truck, 

movement is obtained by coming to the power system of the crane. The system passes over the 

control control system to be used by the operator and gives the operator the desired movement 

from the control system to the lifts and hydraulic system. In this way, the system is activated by 

the hydraulic system is the movement of the truck. The crane is mounted on the truck thanks to 

the sliding crane chassis system placed on the truck. At the same time, the crane increases the 

scanning area to 4 times by moving the crane in a 4-meter area without leaving the operator control 

control system. This extends the truck's range of motion by clearing the front of the truck from 

logs. [9] 

The main components of the system are as follows; The main boom forms the backbone of 

the entire crane system. All crane booms are powered by this body. It is the most important part 
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that enables lifting and turning left and right. 1. The boom is the middle body that the main boom 

lift uses. This body performs the lifting operation by applying the force it receives from the lift to 

the load. The folding boom is the part that performs the wrist function to comfortably grasp the 

log ahead of the 1st boom. At the same time, the lifting force of the crane serves to bring the load 

closer to the main body by folding at the insufficient loads and carries it to the position where it 

can lift the load. The extension boom is the boom that contributes extra length where the total 

length of the crane in the folding boom is not sufficient. This boom serves to bring the log from 

the remote point to the point it can lift itself in the areas where the crane fails to lift. There is a 

hydraulic lift inside. The axial balance foot provides an indispensable balance system for tipping 

the crane during operation and for accidents. They can easily overcome the weight of the vehicle 

under the crane over a long distance, which causes the vehicle to tip over. For this reason, this type 

of construction equipment should be placed on the feet. The axial feature of our machine is 

produced considering forest conditions, narrow forest roads and rough terrain. Because they are 

highly capable, they can overcome serious balance problems in all conditions. The log grab 

attachment is the part required by log cranes. Many mobile cranes or excavators have the ability 

to load logs even if they are insufficient. This attachment can hold the logs on the ground with the 

help of hydraulic systems and nails. At the same time, thanks to the hydraulic rotator on this 

attachment, it turns to the left and right and makes it possible to hold the log. 

 

2. Material and Method 

 

The first design activity in the project will be provided by completing the three-dimensional 

drawings of the model with the Solidworks program. The three-dimensional model contains the 

actual size and all design details. As mentioned above, if these design details are not on the three-

dimensional model, sufficient data will not be obtained in finite element analysis (with Marc and 

Patran programs). After the creation of the three-dimensional model, the model will be subjected 

to finite element analysis. 

 

3. Results and Discussion 
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In the project, it is aimed to produce a log loader that will load the tree logs into the transport 

vehicles. Improving the functionality of existing log loaders in terms of efficiency and safety is 

the main objective of our desired outputs. Within the scope of these objectives, the main output of 

the project is a log loader, which can be mounted on standard trucks, capable of horizontal 

movement on the vehicle, increasing the total boom distance by using a single telescopic boom 

that can be opened in forest areas, which can move on road conditions, which can be fixed with 

circular support legs, by using a single telescopic boom. Log loader will be able to load logs to 

carrier trucks in all kinds of forest lands in our country and abroad. The log loader will be above 

the capacity of previous counterparts. The crane part from the control cabinet can be used by one 

operator. Thanks to the sliding system and the subsystem in the main body, it can both rotate 

around itself and provide gt-gel movement in the horizontal direction. 

As a result of finite element analysis, it is aimed to determine the regions where stress 

accumulation occurs. Subsequent action against stress aggregates will be an expensive and difficult 

process. Finite element analysis will also provide information about material selection

 

Figure 2 Finite Element Analysis of Crane. 

. Constructive details will be provided when the required strength is met. Stress 

agglomeration such as pin, connecting points of hydraulic piston shafts will be revealed by 

analyzing by finite element method. Determining the stresses to which the horizontal and vertical 

boom is exposed will reveal the appropriate material limits. When the cutting and bending process 

is completed, the system will be finished with the supply of the rack gear system, hydraulic system, 

rotator holder and other consumables before the assembly of the system and the necessary 

assembly and welding workmanship. The latest R & D innovation envisaged in the project will be 

in testing the system. The product will be ready after the tester has confirmed that the system 
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demonstrates proper lifting performance. It is sufficient to provide one load cell and consumables 

for the test apparatus. 

 

Figure 3 Stress-Strain graph of elements on the crane 
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Abstract 

 

Vinegar is a product obtained by fermentation of ethyl alcohol and then acetic acid by applying 

various processes of fresh fruits and dried fruits with sugar in their present structure. It is believed 

that some of the vinegar enterprises add synthetic acetic acid into the vinegar. Therefore, natural 

fermentation vinegar is thought to be healthier and its production should be expanded. Medlar, 

Mespilus germanica L., is member of Rosaceae (Rosaceae) family, Magnoliophyta (dicotyledons) 

class Maloideae and Mespilus subfamily. In this study, vinegar production was made from medlar 

fruit collected from Black Sea region, Turkey by natural fermentation method. The chemical, 

physical and sensory properties of the vinegar obtained were evaluated. Vinegar samples were 

evaluated by colorist, aroma, taste and general evaluation by panelists. Scoring was made out of 5 

point. Accordingly, 1: very bad, 2: bad, 3: moderate, 4: good, 5: very good. The most acclaimed 

quality criterion of the questionnaire was color and odor, followed by taste, aroma and consistency, 

respectively. Chemically density, alcohol, total dry matter, ash, total acid, pH values were 

examined. The results were found as pH 3.07, total acidity (acetic acid) 1.245%, density 1.0057 g 

/ cm³, alcohol content 0%, Brixº 1.93, ash 0.88%, dry matter 2%. 

 

Keywords: Mespilus germanica, natural vinegar, chemical content. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 
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Vinegar is the product obtained by the fermentation of fermentable sugars by yeasts 

following the fermentation of ethanol to acetic acid in aerobic conditions by acetic acid bacteria 

such as Acetobacter, Gluconobacter and Gluconacetobacter (Aktan, N., Kalkan, H. (1998). The 

history of the vinegar is as old as wine and beer, because if we consider that the wine left in an 

open container will easily turn into vinegar, the history of the vinegar goes back to the early ages 

of history (Türker İ. 1963). The composition of the vinegar is important for its compliance with 

applicable laws and regulations. Food legislation aims to protect consumers' health by limiting the 

amount of certain substances in vinegar, as in other foodstuffs, while also aiming to prevent the 

misuse of consumers by determining the upper and lower limits of the amounts of certain 

substances. From this point of view, the composition of the vinegar is important for distinguishing 

between natural and artificial vinegar. The use of artificial vinegar obtained by the addition of 

concentrated acetic acid to water is prohibited in most countries. Natural nits are obtained by 

fermentation and these nits and artificial nits can be distinguished from each other by the 

determination of their composition (Sahin I, 1982).  

Vinegar is produced by three methods, slow method, fast method and deep culture (submers) 

method. Among the vinegar production methods, the deep culture method is faster and more 

economical, but the slow method gives better results in terms of quality. Rapid method and deep 

culture method, economically and in terms of production time, because they are more 

advantageous than the slow method of commercial vinegar production methods are preferred most 

(Morales et al. 2001). Vinegar production methods affect the quality of vinegar depending on 

fermentation time. In vinegar obtained by slow process, especially the amount of flavoring 

substances is higher than the fast method because the production time increases as the production 

of these substances increases. Therefore, in terms of quality, vinegar produced by the slow method 

are more preferred (Prescott and Dunn, 1959).  

  

Medlar is Rosaceae family, Magnoliophyta (dicotyledons) class Maloideae subfamily and 

Mespilus genus. Although it is consumed less than soft-core apples and pears, medlar has a wide 

usage area for ornamental and medical plants (Phipps et al., 2003). It is also used in folk medicine 

for the treatment of various diseases. Its fruits contain various sugars, organic acids, pectin, vitamin 

C and relatively small amounts of vitamin A (Korbanova et al., 1998). 
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2. Material and Method 

The medlar fruits were allowed to dry after washing. Then, the fruits were crushed with a 

wooden spoon and put into a glass jar. 1 kg of medlar fruit was added to three liters of tap water 

and vinegar setting was started. The fruits in the jar were mixed every day for 20 days and 

oxygenated for vinegar formation. At the end of the twentieth day, the pulp of the mixture was 

removed with a clean cheesecloth. The jar containing the vinegar separated from the pulp was 

allowed to ripen for 60 days with a clean cheesecloth. In the vinegar formed, some sugar and a few 

chickpeas were added to accelerate the fermentation. Then, after 90 days, the acidity measured in 

vinegar reached pH 3.07. The pH of the vinegars was measured directly with the pH meter (Crison 

brand Basic 20+ model table type). Total dry matter determination was made in a tared porcelain 

capsule with 10 ml vinegar, left in boiling water bath for 30 minutes and then dried in an oven at 

103 ± 2 ° C to constant weight. Ash determination was carried out in ash furnace at 500-550 ° C. 

Sensory analysis were performed to a panelist group of 30 people. 

3. Results and Discussion 

The natural vinegar produced in this study has been found in different ratios from industrial 

vinegars both in aroma and chemical content. The amount of acid was analyzed as 3.07% below 

4%. Industrial vinegar consists of acetic acid and water. There is no different component in it. In 

addition to the acetic acid component that forms this naturally produced vinegar, it contains many 

organic acids (malic acid, tartaric acid, etc.), colorants, phenolic substances and vitamins and 

minerals found in vinegar. 

Table 1. Some physicochemical properties of vinegar samples 

pH Density Alcohol Total acidity Dry matter Ash Brixº 

3.07 1.0057 g/cm³ % 0 1.245 % 2 % 88 1.93º 

 

According to Aktan and Kalkan (1998), the pH value of wine vinegar varies between 2.5-3.0. 

Gerbi et al. (1998) stated that the density of wine vinegar is between 1.0103-1.0114 g / cm3. At 

the end of vinegar, 0.5-1.0% alcohol must remain in vinegar to prevent top oxidation. Acetic acid 

bacteria decompose acetic acid into CO₂ and H₂O when there is no ethanol in the environment. 

When the amount of alcohol drops below 1%, the amount of alcohol in the vinegar obtained was 
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found to be 0% (Türker, 1963; Aktan and Kalkan, 1998). Şahin et al. (1977) reported that the 

amount of ash in vinegars was 1.57-2.15 g / L. 

Table 2. Color analysis results of medlar vinegar 

Color values L* A* B* 

1. 28.3 0 13.05 

2. 27.49 0.36 13.41 

3. 28.36 -0.07 12.64 

4. 27.69 -0.22 11.83 

5. 28.37 -0.04 12.77 

L * value ranges from 0-100 and 0 represents full blackness, and 100 indicates full whiteness. A * indicates 

“+” redness, and “- yeşil means greens. 

 

In a study; plum vinegar color analysis results L * value 42,13, a * value 6.23, b * value 

found 8.41. Cherry vinegar color analysis results L * value 37.37, a * value 6.62, b * value found 

as 1.98. The results of color analysis of pomegranate vinegar indicated that L * value was 44.73, 

a * value was 9.42, b * value was 10.71. While plum vinegar showed low compatibility, color 

analysis results of cherry and pomegranate vinegar did not show compatibility with medlar 

vinegar. The chemical composition determines the quality of vinegars. Quality in vinegar depends 

on both raw material and production method (Öztürk 2016). 

80% of the vinegar consists of a large portion of water, while the remaining 20% consists 

of organic acids, alcohols, polyphenols, amino acids, etc. (Casale et al., 2006). The content of the 

vinegar is important in many ways. First, it is important in terms of the distinction of natural and 

artificial nits (Şahin, 1982; Kirk and Sawyer, 1991). Because the use of artificial vinegar obtained 

by the addition of concentrated acetic acid to water has been prohibited in many countries. Natural 

nits are obtained by fermentation and these nits and artificial nits can be easily distinguished from 

one another by determining their composition. Artificial vinegar, water and does not contain any 

substance other than acetic acid is largely colorless (Sahin, 1982). However, it does not contain 

some fermentation by-products (ash, vitamin B1, riboflavin, nicotinic acid, pantothenic acid, 

pyridoxine, etc.) that are formed during acetic acid fermentation and can be easily distinguished 

from natural vinegar (Kirk and Sawyer, 1991). 
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Figure 3. Medlar Vinegar Sensory Survey Chart. 

 

Scoring was made out of 5. Accordingly, 1: very bad, 2: bad, 3: moderate, 4: good, 5: very 

good. The questionnaire was applied to 30 people and averaged. The most appreciated quality 

criterion in terms of overall impression was its color and smell. These were followed by taste, 

aroma and consistency. Accordingly, the score of color was 4.70, the score of fragrance was 4.40, 

the score of aroma was 4.30, the score of consistency was 4.20, the score of taste was 4.20. 

In this study, vinegar production was performed from medlar fruit collected from Çarşamba 

district of Samsun under laboratory conditions. Medlar vinegar; can be produced traditionally, 

naturally at home. There are many enterprises producing vinegar in our country. It is believed that 

some of the vinegar enterprises add synthetic acetic acid into the vinegar. Natural fermentation 

vinegar is thought to be healthier and its production should be expanded. In our country, studies 

are needed to show the effects of vinegar (medlar vinegar) and its compounds on human health. 
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Abstract 

 

In this study, the gearbox and bolted flange connection of hinged steel belt chip conveyor with a 

chain pitch of 31.75 is examined. The system consist of two pieces bolts, one gearmotor, a flange 

part that a sheet metal to which the gearmotor is connected. Flange part made of 10 mm ST37 

material and this part is referred to as gearmotor stand in this study. Two pieces M12 * 45 hex 

head bolts are used for connection between the flange part and gearmotor. The tightening of the 

bolts was provided by a torque wrench. The changes in the system by means of KISSsoft program 

was examined based on the max and min tensile load in the standard table of the tensile load and 

tightening torque values of the metric bolts. So, after the theoretical experiment, changes in the 

system at max and min loading were checked in the program. Beside, the bolts were tightened with 

a torque wrench (manpower) in the experimental environment and the fracture value of the bolt 

was investigated. The following conclusion was drawn from this study; the results obtained in real 

environment and computer program were examined and compared. 

 

Keywords: Chip conveyor, gearmotor, bolted flange connection 
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1. Introduction 

 

1.1 Chip conveyor 

Metal chips conveyors as the name implies that they are used to transport metal chip from the 

workshop to another point from the work area or to a collection center outside. Chip conveyors 

are widely used machines in industry. In addition to metal chips, it is also suitable for transporting 

parts of appropriate size and material. Chip conveyors perform the conveying process with 

conveyor belts that can move on the chain. They also have various names according to the 

characteristics of the conveyor belt. 

The most common chip conveyors; hinged steel belt conveyors, scraper conveyors, magnetic 

conveyors and helix conveyor. 

1.1.1 Hinged steel belt conveyor  

In hinged steel belt conveyor, the conveyor belt consists of the combination of steel pallets with 

the help of transmitters. It is mostly preferred for the transport of large-part helical chips.  

 Used for evacuation of long, coarse and helical chips from steel, cast iron, brass, 

aluminum or plastic. 

 They are designed for separating and removing chip in cooling and cutting fluids [1]. 

 

 

Figure 1.Hinged steel belt conveyor 
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1.1.2.Scraper conveyor 

In scraper conveyors, carrier band are produced by welding and assembling the scraper lama 

irons which collect the chip by scraping the bottom of the conveyor.  

 It is used for evacuation of small, short or clippings chips.  

 Products to be transported may be dry or with boron oil / cutting oil [1]. 

 

 

 

 

Figure 2. Scraper conveyor 

1.1.3. Magnetic conveyor 

Chip conveyors with conveyor belts with magnetic magnets. 

 With this type of conveyor, the product or chip is carried on stainless steel sheet.  

 Separates and discharges very fine steel and casting chips from cutting / drilling oil.[1] 

 

Figure 3. Magnetic conveyor 
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1.1.4.Helix conveyor 

It consists of spiral leaves arranged in specific steps. In the channel where the spiral leaves sit, 

the spiral rotates the mixed chips away from the bench [1]. 

 It is used to discharge chips containing high coolant. 

 

Figure 4. Helix conveyor 

 

According to the information given, the type of conveyor to be used and examined in this 

project; hinged steel belt conveyor. 

 

2. Movement of chip conveyor 
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2.1. Gearmotor introduction 

After the chip conveyors are brought mechanically ready, the gearmotor unit is coupled to the 

system in order to provide the movement of the conveyor belt. The gearmotor required in the 

system is selected according to the following variables; 

 Chip conveyor length  

 Chip conveyor angle  

 The required height of the chip conveyor 

  Type of material to be conveyed by chip conveyor  

 The amount of material that the chip conveyor will carry per hour or minute, etc. 

After determining the mentioned variables, it is preferred from different brands depending on the 

required gearmotor power, bond ratio, and so on. 

 

2.2. Gearmotor information used in the application 

In the machining sector, many different types of gearmotor can be preferred as required. The most 

common brands in Turkey; SEW, ZET (GAMAK, WATT) and YILMAZ REDUKTOR can be 

said. 

The gearmotor information used in this application is considered as follows. 

ZET brand P63 (P063 + PTO helical gear) PAM71B14 + 0.37 kW 1400 rpm Watt motor (50Hz 

380V with normal winding) 

 Bond ratio: 1/139 

 Output speed: 10.1 rpm 

 Bore diameter: 25 mm 

 Output torque: 234 Nm 

 Service factor: 0.8 (It is often useful to select the service factor below) 

 

3. Flange fittings – Bolt 

3.1.General properties of bolted connection  

It is the most widely used releasable fastener.  

In principle, it is obtained by helical winding a profile on a cylinder with equal pitch. 

The bolts are also the easiest way to turn the rotational motion into advance. The screws used for 

this purpose are called motion screws [4]. 
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3.2.Advantages and disadvantages of bolt connections 

Bolt connections have disadvantages as well as advantages. The following table outlines the main 

advantages and disadvantages of bolt connections. 

Advantages of bolt connections Disadvantages of bolt connections

They can be dissolved and reinstalled.

The prices are economic considering the benefit ratio they 

provide.

They are simple and quick to assemble.

They are not resistant to bending.

Depending on environmental conditions, they can undergo corrosion quickly.

They are suitable for use in different areas.

They have known strength values and heights. (ISO)

The cracking of the bolts is likely to corrode.

Above 250 ° C the strength values are reduced, their oxidation is 

accelerated and the bolts are difficult to remove.

Tightening torque and forces are low due to friction loss.

They can carry very large loads.

Table 1. Advantages and disadvantages of the bolts [5]. 

 

3.3.Application areas of bolts 

Bolts have a wide range of applications. These areas can vary widely. The application areas that 

can be said are listed as follows. 

 Assembly of machines 

 Gear boxes 

 Basic connections of bearings and machines 

 Steel constructions 

 Closing the oil holes (plug) 

 Connection of pipe flanges, cylinder heads. 

3.4.Tightening the bolts 

In practice, the most commonly used compression methods are given as follows; 

 Rotation angle controlled compression method: 

In this way, it is very easy to achieve the desired sensitivity. The bolt is tightened by hand. 

 Torque wrench compression method: 

Obtaining values with the desired tolerances depends on the screw and bolt head friction 

coefficient. If the accepted values correspond to the actual values, the desired tolerances are 

obtained. 

 Bolt length measurement and compression method: 
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The desired precision is achieved precisely. But this road is quite expensive and difficult. 

Therefore it is mostly used in special cases. Bolt length measurement is carried out by using SMT 

method (Stretch Measuring Tapes) [6]. 

3.5.Bolt and compression method used in the investigation 

The bolt used in the project is M12 * 50 (8.8) hex head bolt. 

 

 

 

 

 

 

 

 

 

      

 

 

Figure 5 M12*45 hex head bolt 

The main technical specifications for M12 bolt are given in the Table3.5 as below.[7] 

 

 

 

 

 

 

 

 

 

Table 2.Technical specification of M12 bolt [4]. 
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The preferred compression method for this application is the torque wrench.The brand and 

specifications of the torque wrench used are as follows in Figure.3.5.2. [8] 

 

 
Figure 6. Torque wrench 
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4. Sample application 

4.1.The introduction of the application 

In the application realized for the project; The gearmotor and flange connection of a hinged steel 

belt conveyor with a chain pitch of 31,75 is examined [9]. 

 

 

Figure 7. Gearmotor flange connection 
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Figure 8. Flange-bolt connection 

 

The flange part is made of 10mm ST37 material and is referred to as ’reducer foot’ in the project. 

Two pieces M12 * 50 hex head bolts and nuts are used for the connection. The tightening of the 

bolts is ensured by the torque wrench. 

Tightening torque values are taken from the table (Tensile load and tightening torque values of 

metric bolts). The min and max tightening torque values of the M12 bolts in the 8.8 bolt class in 

the table were analyzed and analyzed in KISSsoft program. 

 

4.2 Analysis and inputs 

 

The values required for the analysis are M12 bolts; 
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 Torsion resistance: 188N  

 Bending resistance:109N  

 Configuration :Flange connections with torque and forces (when using multiple bolts) 

 Standard thread: M12 bolt 

 Pitch: 1,75 mm 

 Referrance diameter: 12 mm  

 Axial forces in the flange: 68,86 N (min) and 84,84 N (max) 

 Torque on flange :188,00 Nm 

 Bending moment at flange :109,00 Nm 

 Effective coefficient of friction between parts : 0,12 

 Number of bolt : 2 

 Bolt class : 8.8 

 Bolt tensile strength : 800 N/mm2 

 Results: 

 Mounting pre-tensile force : 44190,16 N 

 Pretension force : 40532,80 

 Clamping force : 13882,58 

 Surface pressure in the bolt: 635,45 

 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 
Figure 9. Force-Length change 
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Figure 10. Preload force – Tightening torque 

 

5. Results 

According to the tables and data obtained from the program, the results are showed;  

 Calculate the maximum installation preload required by the clamping factor; 

Safety value against yield point: 2,33 

Fatigue protection value: 26,27 

Safety value against pressure: 4,51 

 Calculation with the maximum pretension force achieved; 

Safety value against yield point: 1.16 

Fatigue protection value: 26,27 

Safety value against pressure: 2,25 

Between the minimum and maximum tightening torque values, with increasing preferred 

tightening value, totally length variation up to 0.1 mm was observed. 

Althought that, from the point where the amount of elongation does not change forcing force does 

not continue to increase. 

Increase between the tightening torque and preload force has constant accelaration. It means, 

tightening torque increases and preload force also increases. 

As a result of the information; the efficient point of the bolt must not be exceeded. 
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Abstract 

 

Hazelnut (Corylus avellana L.), which belongs to Betulaceae family, is a cultivated plant especially 

in the eastern Black Sea region. Hazelnuts are consumed as nuts and are included in some foods 

such as chocolate and hazelnut paste. Also consuming as hazelnut oil is common. The purpose of 

the study to analyze the fatty acid composition of roasted native Turkish hazelnut. The cold pressed 

method was used to get hazelnut oil. Fatty acid composition was analyzed by Gas chromotograpy 

(GC). The percentages of fatty acids in roasted hazelnut oil was found as 0.1 of capric acid, 0.7 of 

lauric acid, 1.5 of myristic acid, 0.7 of pentadecyclic acid, 5.6 of palmitic acid, 0.4 of palmitoleic 

acid, 3.1 of stearic acid, 70.8 of oleic acid, 14.7 of linoleic acid, 2.1 of linolenic acid, 0.2 of 

arachidic acid and 0.1 of 8eicosenoic acid. In a conclusion, oleic acid is the most abundant fatty 

acid in roasted hazelnut. 

 

Keywords: Corylus avellana, fatty acid, Turkish roasted hazelnut 
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1. Introduction 

 

 Hazelnut is an indispensable product for the chocolate industry. Moreover, direct 

consuming as raw, roasted nuts, and hazelnut oil in the food industry is also important. According 

to data in the last decades, world hazelnut production is about one million tons that of this amount 

approximately 65% is from Turkey (1). Hazelnut holds approximately 3 billion dollars in terms of 

world trade. There are 700 thousand hectares of planted area hazelnuts in Turkey. Two billion 

dollars amount hazelnut is exported from Turkey. This capacity is about 1.3 % of total export of 

Turkey. Additionally, hazelnut accounts for 10 percent of total agricultural products exports in the 

last five years (2,3).  

 The purpose of this study to analyze the fatty acid composition of roasted native Turkish 

hazelnut. The cold pressed method was used to get hazelnut oil. Fatty acid composition was 

analyzed by Gas chromotograpy (GC). 

2. Material and Method 

 The content of fatty acids of common lipids in the studied biological material was 

determined by extraction with chloroform-methanol (2:1 by volume). Released from chloroform, 

lipids were saponified, and the obtained fatty acids were methylated. The methyl esters of fatty 

acids were introduced into the evaporator of a gas-liquid chromatographic apparatus. 

 The methyl esters of fatty acid were separated by chromatography Chrom-5 (Laboratory 

equipment, Praha). Stainless steel column with length of 3700 mm and an inner diameter of 3 mm 

filled out with Chromaton-N-AW, sylanized with HMDS (heksametyldysilizanom) and 

withpolidietylenhlikoladypinatom (stationary liquid phase) was covered in the amount of 10%.  

The consumption of gas-carrier, chemically pure nitrogen and drained (mobile phase) through a 

column with an input pressure of 1.5 x 105 Pa was about 65 ml/min.  

 The combustion of the flame was provided with hydrogen (25 ml/min) and air (380 

ml/min). The isothermal operation of the drum column with a polar liquid phase was maintained 

at 196 °С, and the evaporator and detector were at 245 °С. The detector is a fiery-ionization (FID). 

Under these conditions, the column provided a good separation of methyl esters of fatty acids. The 

efficiency of the column determined according to McNeir and Bonellifor conventional medium 

for peak in the chromatogram - palmitic acid methyl ester - was 1700±104 theoretical plates. 
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3.  Results  

 Crushed hazelnut (small fraction) has the highest oleic acid (omega 9) fatty acid (%71.7) 

while whole hazelnut has the second highest ranked omega 9 content (%70.8).  

 

 

 

4. Conclusion 

 

Hazelnut oil has important ingredients for omega 9, omega 6 and omega 3 fatty acids. 

Especially omega 9 stands out. As is known, vegetable oils containing high amounts of omega 9 

are more resistant to high temperature heat treatment due to their low conversion to trans form. In 

addition, omega 9 is considered to be cardiovascular protective. The use of hazelnut oil in the 

kitchen can be said to be more advantageous than other vegetable oils except olive oil. 
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Abstract 

 

The automotive engines and other components which work under high temperature and pressure 

need appropriate material for high efficiency and long durability. From the literature reviews, Si, 

Ni and Cr were found as suitable alloying elements for this purpose. The science behind these 

elements was studied thoroughly and they were selected as alloying materials. Al-Si, Al-S-Ni and 

Al-Si-Cr alloys were prepared under various compositions and tested for strength, thermal 

conductivity and other desired thermo mechanical properties; and the results are evaluated. The 

preparation of the samples is carried out in burnout furnace machine under controlled environment. 

The samples are tested for hardness and it is converted into tensile strength values. The electrical 

conductivity was calculated and it is then converted into thermal conductivity results. The density 

calculation also carried out in order to find the void content and for the comparison of the weight.  

Meyers hardness and Wiedemann–Franz law were used as additional support for arriving at the 

conclusions. At the end of the study, the new materials we prepared were found to be capable 

substitutes for current materials which are in trend for the above mentioned purpose. 

 

Keywords: Automotive engines, Thermo-mechanical property, Al alloy, Hardness, Density. 
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1. Introduction 

 

The automotive engines are to be operated in very high temperature and under high pressure. Piston 

is the key component which has to undergo such challenging situation. Piston has to move back 

and forth rapidly, and because of that it must be able to withstand high temperature and pressure 

and also it should be wear resistant. For a long time, aluminium alloys are considered as the ideal 

material for piston which can survive in this challenging condition. The high strength, good 

castability, wear resistance, low density and low thermal expansion make (Al-Si) alloys good for 

automobile industry [1]. But they still have disadvantages to be used in many engineering 

applications including piston alloy, while considering their thermo mechanical properties [2]. The 

focus of this paper is to find an aluminium based alloy so as to reduce the drawbacks of piston 

alloy and to mitigate the issues in other related applications. It is sophisticate to identify an alloy 

(Al-Si, Al-Si-Cr and Al-Si-Ni) beyond technical and economic limitations to best suit the piston 

alloy by considering variation of thermal expansion and corrosion resistance; while considering 

density and tensile strength. 

2. Literature Review 

M. Jinnah Sheik Mohamed mentioned in his paper that, the piston of internal combustion engines 

are alloys made up of Aluminium-Silicon cast alloys alloyed with Chromium, Nickel and 

Magnesium. The reason is the ability of high wear resistance and low thermal expansion 

coefficient. Al-Si cast alloys are suitable for application less than 230°C. Above this temperature 

the microstructure strengthening mechanism of these alloys become unstable. Addition of Ni to 

Al-Si piston alloy will improve the high temperature performance [1]. Cr increases strength at 

indoor and higher Temperature [3].We selected Ni and Cr to add with Al-Si alloy in different 

percentages based on the literature reviews. 

Al–Ni–Si alloys are used for a wide range of engineering applications because of their high 

strength, good wear resistance, good castability, light weight, and low thermal expansion 

[4].Aluminium alloys are widely used in the automobile industry; it is particularly to reduce weight 

and thereby decrease fuel consumption and increase the efficiency [2]. Every 100kg weight 

reduction in the weight of the vehicle can save around 0.5l of petrol usage for 100 km drive [5 - 
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8]. Fuel economy can be significantly improved by reduction of weight in a vehicle [9, 10]. 

Onyebueke B Ifeanyi et. al. further mentioned that, Al-Si alloy is the most cast friendly Al alloy. 

Addition of Co, Cr, Mn, Mo and Ni improves strength at high working temperature. Strength and 

fatigue resistance can be improved by adding Copper without any harm to castability, but it will 

reduce corrosion resistance. Addition of magnesium increases the strength, especially after heat 

treatment, but it will affect ductility. The addition of Chromium to the Al-Si alloy sas a modifier 

at elevated temperatures suppresses the grain growth. It also decreases the vulnerability of the 

alloy to stress corrosion cracking. At elevated temperatures elements like Ni, Co, Cr, and Mo with 

high melting points defend the decline in strength to some extent [2]. From these literature reviews 

we can observe that the strength is also playing an important role in the selection of piston alloy 

material. So it is appropriate to calculate the hardness and tensile values. 

The reason behind the usage of Al–Si alloys as piston alloy over cast iron is its high thermal 

conductivity.The extraction of heat produced by combustion is more rapid in Al-Si alloys when 

compare the same with cast iron.Low coefficient of friction and resistance to wear are the 

mainfeaturesessential for engine block materials. Softening of hypoeutectic Al–Si piston 

alloyswhile operating in high temperature,requires high temperature strengthening of the Al–Si 

piston alloys. The thermal conductivitycould be increased by liner-less Al–Si alloy cylinder 

blocks.The creep strength of the alloy improved by the addition of Nickel to the alloy; but, the 

effect of it is very small on the tensile strength at high Temperature. The alloy containingNickel 

has fatigue strength almost 20% higher than that of the Al-Si-Mg alloy [11].The ductility of the 

material can be increased significantly by adding Nickel particles [12]. 

 

When we talk about thermal conductivity, The AMAG Company in its report of 2012 

mentioned that, the addition of alloying elementswill reduce the thermal conductivity 

considerably. In Al-Si cast alloys, bothelectric conductivity and thermal conductivitydeclinevery 

closely linearly withincreasing Nickel content.It is essential to understand the effects on thermal 

conductivity due to addition of Nickel. For applications under high temperature, Nickel is 

considered as an important alloying element with Al-Si cast alloys.Heat produced in compression 

cycle of a working engine need to be removed as fast as possible in order to avoidhot spots and 

thermal stresses on the surface of the piston. Therefore high thermal conductivity is also having a 

major impact on selection of the material for piston [13]. Aluminum has a conductivity-to-weight 
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proportion twice that of copper and its strength to-weight proportion is 30% more noteworthy than 

copper [14]. 

 

3. Methodology 

The samples were prepared on burnout furnace. The Aluminium rod is cut in to small pieces and 

the surface is cleaned. Then it is introduced in a crucible made of silica and kept inside the burnout 

furnace. The time, maximum temperature and temperature increasing rate were set. Chromium, 

silicon and nickel were preheated and added according to the decided percentages to molten 

aluminium-which is taken out of the furnace at 7500C. Then the crucible containing this mixture 

was stirred well to emphasize the uniform mixture of all the components throughout the sample. 

Again it was kept inside the furnace for some time.  Then the crucible was taken out of the furnace, 

stirred well and the slag formed on the surface of the molten mixture was removed.  Then it was 

poured into the preheated split type mould and allowed to cool for room temperature. Finally the 

mould was opened and the prepared samples were removed. 

Impact of Ni and Fe in Al-Si alloys with Si content above 5% dramatically reduces corrosion 

resistance, fluidity and plasticity [3]. So in our studies we didn’t add Ni or Cr above 5%. Different 

combinations of Al-Si, Al-Si-Cr and Al-Si-Ni matrix were prepared to analyse the variation of 

different parameters. The percentage addition of these elements is given in the table below.  Pure 

sample of Aluminium also prepared in the similar way in order to compare with the above prepared 

samples. 

Table 1. Percentage addition of filler materials to base metal aluminium 

Sample Aluminium Silicon Chromium Nickel 

Al 100%    

Al-2%Si 98% 2%   

Al-4%Si 96% 4%   

Al-2%Si2%Cr 96% 2% 2%  

Al-2%Si4%Cr 94% 2% 4%  

Al-2%Si1%Ni 97% 2%  1% 

Al-2%Si2%Ni 96% 2%  2% 

Al-2%Si3%Ni 95% 2%  3% 
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3.1 Vickers Hardness Test 

The Vickers hardness testing method is based on optical measurement system. The micro hardness 

test is conducted according to ASTM E-384 procedure. The tests are conducted using an indenter, 

which may specify a range of light loads to make an indentation on the sample and then it is 

measured, calculated and converted to a hardness value. It is very useful and a wide variety of 

materials can be tested. Since the indentation needs to be observed through microscope, the test 

samples must be highly polished. A square based, pyramidal shaped diamond inventor is used for 

testing the Vickers hardness. The range of loads can be from 10gmf to 1kgf. But Macro Vickers 

loads can go up to 30 kg or more. The hardness values obtained here are of the average of 10 

readings. Tensile values are calculated using the equation 1. This equation is used in several 

researches [15 - 17]. Tabor has developed an empirical correlation between hardness and tensile 

strength. This way of tensile and hardness testing methods is possible upon metals Al, Cu, and 

steel; but not in Mg. The presence of profuse twinning at low stress levels can be the reason for 

this in magnesium. Meyer, in 1908, propose this relationship Hm= 4w/𝜋𝑟2 (Meyer hardness has 

the dimensions of stress) Hm = 2.8 σ [17]. A cold worked material’s yield stress is given by σy = 

H/3. This formula is applicable for brass, steel in either the hot tempered or cold rolled condition, 

and aluminium alloys in either the cold rolled or aged condition. Marcinkowski et al. found that 

for annealed Fe-Cr alloys, this expression appeared to be σy ~H/5 due to some strain hardening. 

Speich and Warlimont showed that for some low carbon martensites and Fe-Ni alloys, σy ~ H/4 

[15]. Here Hv represent Vickers’s hardness and σ represent tensile strength. The derivation of 

tensile flow curves from hardness measurements is important from two viewpoints. First, the 

preparation and testing of a hardness testing sample need very less expense, experience and time 

than the tensile testing sample. Secondly, without destructing the component the flow curves could 

be obtained. This feature is smart from the production expense point of view. 

Hv ≈ 3σ             

  (1) 

3.2 Density Calculation 

The two major defects occurring in casting process which strongly weaken the fatigue strength are 

porosity and oxide enclosures [11]. Increase in porosity leads to poor tensile and fatigue strength. 
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[18, 19]. The void content is under control in our experiments. It did not exceed more than 2% and 

it is shown in the table. Equation 2 is used to obtain the theoretical density of an alloy in terms of 

weight fraction. 

ρms = 1/ [(wa/ρa) + (ws/ρs) + (wn/ρn)]  or  ρms = 1/ [(wa/ρa) + (ws/ρs) + (wc/ρc)]   (2) 

The weight fraction and density are represented by w and ρ respectively. The suffix a, s, n, c and 

ms stand for aluminium, silicon, nickel, chromium and the mixture respectively. Because 

Aluminium, Silicon, Nickel and Chromium are the components present in the samples which are 

taken in to experimentation. The usual water immersion technique is used to calculate the actual 

density (ρcm) of the specimen experimentally. Equation 3 is used to calculate the volume fraction 

of voids (Vv) in the alloy. Here ct is theoretical density and cp is practical density. 

Vv = (ρct-ρcp)/ρct           

  (3) 

3.3 Thermal Conductivity 

Parameters that improve Thermo Mechanic Fatigue (TMF) resistance are high thermal 

conductivity and low thermal expansion coefficient [20 - 22]. Thermo Mechanic Fatigue resistance 

is improved by decreasing thermal expansion coefficient [11], and Ni decreases the coefficient of 

thermal expansion of Al alloys [3]. The thermal conductivity value of pure aluminium of our 

experiment is very close to thatof theoretical value.  

At moderately low temperatures, the ratio of thermal conductivity K to electrical 

conductivity σ is proportional to absolute temperature, with a proportionality constant called “the 

Lorenz number”  L=2.45×10−8 W Ω/K2. This is known as Wiedemann–Franz law [23, 24].  In our 

studies, the resistance is measured with a milli-ohm meter. It has precision of 0.01milli-ohm. 

Subsequently, the value of resistivity and conductivity is determined by using appropriate 

equations 4 and 5. Wiedemann–Franz law (equation 6) is used to find the thermal conductivity 

values from electrical conductivity values.In 1853 Gustav Wiedemann and Rudolph Franz 

reported that κ/σ has approximately the same value at the same temperaturefor different 

metals.Wiedemann–Franz law is named after this incident. 

https://en.wikipedia.org/wiki/Gustav_Heinrich_Wiedemann
https://en.wikipedia.org/wiki/Rudolph_Franz
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V = IR             

 (4) 

R = l/A            

  (5) 

k/σ = LT            

 (6) 

 

4. Results and Discussion 

4.1 Hardness and Tensile values 

The equation 1 is used to calculate the tensile values from hardness values. It can be noticed that 

with the increase in addition of Si and Cr, the hardness as well as the tensile values are 

increasing. But in case of addition of Ni, the hardness and tensile values start decreasing after 2% 

addition of Ni. We can conclude that 2% Ni addition would be the optimum value to obtain 

better results. 

 

Figure 1. Comparison of hardness and tensile values of samples 

4.2 Density values 
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Table 2. Theoretical and practical density values 

Sample Theoretical 

density (g/cm3) 

Practical    

density (g/cm3) 

Void 

content 

Al 2.7 2.66 1.481% 

Al-2%Si 2.6917 2.65 1.549% 

Al-4%Si 2.6828 2.62 2.34% 

Al-2%Si2%Cr 2.725 2.662 2.311% 

Al-2%Si4%Cr 2.76 2.71 1.811% 

Al-2%Si1%Ni 2.71 2.682 1.033% 

Al-2%Si2%Ni 2.729 2.717 0.439% 

Al-2%Si3%Ni 2.7484 2.723 0.924% 

 

Weight of the component is another consideration when deciding material for piston alloy. We can 

observe from the table that the density values of samples are not varying significantly while 

comparing it with the density of pure aluminium sample. This is a positive result. As mentioned 

earlier, the decrease in weight of the components is highly appreciated in the automobile industry. 

Here in our studies, the density of Al-Si alloy sample and Al-Si-Ni or Al-Si-Cr alloy samples did 

not have a wide variation. Rather Al-2%Si, Al-2%Si2%Cr and Al-2%Si1%Ni shows very close 

density values to that of pure aluminium. We can come to a conclusion about the weight of the 

components from this table. The new proposed materials will not lead to the increase in weight of 

components. 

4.3 Thermal conductivity values 

Table 2. Electrical and Thermal conductivity values. 

Sample Electrical Resistivity 

(*10-8 Ωm) 

electrical       

conductivity 

    (*107Ω-1m-1) 

Thermal 

conductivity 

(W/mK) 

Al 3.073 3.254    238.1928 

Al-2%Si 3.763 2.657    194.4924 

Al-4%Si 4.617 2.165     158.478 

Al-2%Si2%Cr 3.57 2.801     205.0332 

Al-2%Si4%Cr 3.922 2.549     186.5868 

Al-2%Si1%Ni 3.202 3.123      228.6036 

Al-2%Si2%Ni 3.451 2.897     212.0604 

Al-2%Si3%Ni 3.599 2.778     203.3496 
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The thermal conductivity value of aluminium of our practical (238.19 W/mK) and the theoretical 

value (which is varying from 236 W/mK to 240 W/mK with temperature) are more or less similar 

in value. So we can assume that the errors in this practical are negligible and the method followed 

to calculate these values are acceptable. As mentioned in the literature review, the thermal 

conductivity is also a vital factor while deciding a material for engine block and piston alloy. From 

the table below, we can understand that the addition of foreign material to aluminium slightly 

decrease the thermal conductivity in some compositions. Except Al-4%Si, the other compositions 

seem to have thermal conductivity which is acceptable when we consider all the other aspects. 

5. Conclusion 

1) Maximum hardness and tensile strength values are obtained from Al-2%Si4%Cr and Al-

2%Si2%Ni. Minimum hardness and tensile strength values are obtained from Al and Al-

2%Si. 

2) The density values are almost equal to that of pure aluminium sample; did not have a very 

high value. We can ensure that the weight will also be under control. The proposed material 

will not affect the weight of the vehicle; and thereby the performance of the vehicle. 

3) The void content of the sample is ranging only from 0.4% to 2.4%. The fatigue strength 

and tensile strength will not be affected to a considerable level. 

4) The thermal conductivity of Al-2%Si1%Ni and Al-2%Si2%Ni are slightly lower than that 

of pure aluminium sample; while Al-4%Si has the highest thermal resistivity among all the 

samples. 
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Abstract 

 

Beekeeping, which is one of the important areas of the agricultural sector, is an important source 

of income especially for the people who lives in the rural areas. In beekeeping activities, the need 

for initial and operating capital is low, the return period of investment is short and the return rate 

is high. Beekeeping, an important area of the agricultural sector, faces a number of obstacles. One 

of the most important obstacles related to the local and national beekeeping activities is the 

marketing and distribution problems of these agricultural products. In this study, the problems 

faced by beekeeping enterprises in marketing and distribution were investigated and evaluated 

conceptually. 
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1. Introduction 

Beekeeping is the activity of producing honey, pollen, royal jelly, propolis, bee venom and 

live material such as queen, swarm, package bee by using plant resources, honey and labor 

together. It is a breeding branch that can be made without being connected to the soil and can be 

carried out in harmony with various branches of agriculture. Many crop production can be 

sustained with beekeeping and with mutual benefit. Beekeeping can be done anywhere from plants 

and flowers to highlands up to thousands of meters above sea level (Fıratlı et al, 2000). 

Beekeeping has become an important sector in our country as well as in the world. 

Beekeeping, which has an important contribution to the national economy, is widespread in our 

country and most of the world. Beekeeping has become a sector in terms of materials such as 

honey, beehives produced for bee production along with honey, beeswax, royal jelly, bee venom 

and similar products obtained from bees. 

Our country, where four seasons can live together, is one of the most important countries in 

the world in terms of different climate characteristics and ecological regions and agricultural 

production diversity. It is also the gene center of many plants and animals due to these features. 

Our country is like a paradise of beekeeping. Very high-quality honey in different parts of Turkey 

are obtained. Our country has 75% of the world honey plants flora. Rich flora, proper ecology, 

colony presence of Turkey in terms of genetic variation in the bee population has great potential 

for beekeeping (Anonymous, 2007). 

The beekeeping sector has significant contributions to both the firm and the national 

economy. Beekeeping activity plays an important role in providing employment and income to the 

rural population in developing countries due to its low cost of firms and less labor than other 

branches of production (Kumova and Korkmaz, 2000). 

Beekeeping can be easily learned in a short time, as well as hobby and supplementary income 

for reasons such as low capital requirement and high return rate of the investment, making money 

in a short time, low cost, requiring less labor, long shelf life of the products obtained. Lack of land 

is needed for non-landed farmers to prefer beekeeping as livelihood (Gösterit and Gürel, 2004). 

Today, not only to produce, but also the quality of the products, production at a sufficient 

rate and at a minimum cost, to provide the most appropriate satisfaction to consumers is an 

important event. In this respect, marketing services; collection, distribution, processing, 

harvesting, grading, standardization, quality control, packaging and labeling, price formation, 
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sales, demand creation, risk taking (such as credit, insurance) and record keeping (Güneş 1996). 

In this study, it is aimed to gain a perspective to the enterprises and farmers working in this sector 

by examining the previous studies on marketing and distribution problems in the beekeeping 

sector. For this purpose, marketing of bee products and distribution of bee products are discussed 

and current problems in this area are studied.  

 

2. Beekeeping Products 

 

2.1. Honey 

The sweet substance that worker bees store in their honeycomb eyes after mixing the flower 

nectar with their own unique methods is called honey. Honey is presented to consumption as it 

comes out of the hive. From this definition, honey should be natural and pure, and should not 

contain any residues and additives. Honey takes the first place in the consumption of bee products 

in the country (Northeast Development Agency, 2013). 

 

2.2. Pollen 

Pollen, also known as flower powder, is a valuable source of vitamins, amino acids, proteins 

and minerals that allow the fertilization or pollination of flowering plants, which must be taken 

daily in order for a living thing to growing. Pollen, honey bees are mainly used to feed the young. 

Pollen contains 10 different mineral substances, 18 kinds of amino acids, vitamins C, D, E, 

enzymes, coenzyme natural hormones, carbohydrates, ferments and pigments. Although pollen 

varies according to its source, it contains carbohydrate (35%), water (20%), protein (20%), lipid 

(5%) and other substances (20%) (Northeast Development Agency, 2013). 

 

2.3. Propolis 

Propolis is a completely natural bee product which has strong antioxidant and antimicrobial 

effects collected by worker bees from the stalks, leaves and buds of plants and can vary from black 

to yellow depending on its source. It is brittle and hard at 150C, bendable at 300 C and has a soft 

structure. Bee communities collect intensive propolis for destroying the germs in the hive and 

sterilizing the hive, especially during the winter preparation phase. The benefit of propolis in the 

hive is similar to that of the human body. If propolis is consumed regularly, it shows antibiotic 
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properties in the fight against diseases and helps to reduce the incidence of illness. In addition to 

these findings, propolis has healing effects on respiratory system, stomach and intestine diseases 

based on the findings obtained from scientific studies. It has also been scientifically demonstrated 

that propolis increases the number of living cells in the body and is effective in the fight against 

cancer (Northeast Development Agency, 2013). 

 

2.4. Bee Venom 

Bee venom is a type of bee product produced by worker bees in poison glands and stored in 

poison bags. Production and use of bee venom has been continuously increasing in recent years. 

In this increase; blood circulation, protective effects against radio, the fight against bacteria, 

lowering blood pressure and providing immunity effects are very high. The administration of bee 

venom via tablets, ointments or needles also facilitates the treatment of cancer. When the larvae 

are newly released, their ability to produce poison reaches their maximum capacity when they are 

twelve days old and they lose their properties when they are twenty days old. This feature shows 

continuity in winter bees. A worker bee can produce no more than 0.3 mg of poison during its 

lifetime (Northeast Development Agency, 2013). 

 

2.5. Royal Jelly 

It is a special food containing all vitamins, minerals and substances found in the creamy-

white color in the head parts of the larvae which are prepared to be 5-10 days queen in the hive. 

Royal jelly has important effects on balancing blood pressure, preventing heart diseases, increasing 

the body's resistance to movement, preventing the cells that cause aging in the skin, regulating the 

activities of the stomach and intestines, strengthening the immune system against cancerous cells 

thanks to the antioxidant it contains. Royal jelly consists of water (66%), carbohydrates (14.5%), 

lipids (4.5%) and amino acids (13%). Royal jelly contains vitamins A, B, D, C and E, biological, 

minerals and some undetectable substances (Northeast Development Agency, 2013).  

 

3. Problems with Marketing and Distribution of Beekeeping Products 

 

3.1. Problems with Marketing 
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Agricultural marketing is a system that covers all stages of the agricultural product from the 

producer to the consumer. In addition to being among the staple foods, agricultural products 

constitute the raw material of our agricultural industry. On the other hand, the fact that agricultural 

products are perishable requires low demand and supply flexibility and marketing services should 

be more effective and different (Anonymous 2007). It would be appropriate to evaluate the 

marketing of beekeeping products in our country within this system and to determine the problem 

and solution proposals in this direction.  

Today, not only to produce, but also the quality of the products, the production of sufficient 

amounts and at low cost, to provide optimum satisfaction to the consumer issues are also important. 

In this context, marketing services; collection, distribution, processing, harvesting, grading, 

standardization, quality control, packaging and labeling, price formation, sales, demand creation, 

risk taking (such as credit, insurance) and record keeping (Güneş 1996). 

In our country, various legal regulations have entered into force for the marketing services 

specified for healthy food production and supply. The Turkish Food Codex Regulation includes 

provisions for HACCP, as well as substances with minimum technical and hygiene requirements 

for the packaging, transport and storage of foods. In addition, minimum hygiene requirements for 

food producing and selling establishments and regulations such as Good Agricultural Practices 

Regulation; There are standards for quality management systems, packaging and HACCP. In 

addition, in order to develop marketing systems for the regulation of distribution of agricultural 

products, laws on the restructuring of product sales exchanges and agricultural producer unions 

and agricultural sales cooperatives unions have been enacted (Anonymous, 2004). However, 

within the scope of all legal regulations, there are still problems in the production and supply of 

honey and the production of fake honey, which is perhaps the biggest problem of the genuine 

honey producers, cannot be prevented. While this problem decreases the price of real honey, it 

also threatens public health in domestic consumption and causes problems in our international 

relations on behalf of our country due to the products sent back in foreign sales. 

 

3.2. Problems with Distribution 

Stages or markets in a traditional marketing system can be grouped into three main groups: 

manufacturer, wholesaler and retailer. Producer markets are the markets where the product is sold 

by the producer, in other words, the producer sells his own product. Wholesaler markets are the 
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market where the product is purchased from the manufacturer by intermediaries and sold to other 

buyers such as processing plants and large wholesalers. The retailer market consists of 

supermarkets, grocery stores, etc. where the products purchased from wholesaler markets or other 

intermediaries reach the consumer (Yurdakul and Koç, 1997). 

In Turkey, regional and local levels as a result of production in the production of bee products 

are marketed in the traditional way. Most of them are offered to consumers in large consumption 

centers due to trends in transportation, processing, packaging and wholesaler and retailer system. 

Breeders market honeycomb honey directly themselves. Filtered honey is mostly marketed 

through wholesalers and retailers (Saner et al., 2011). 

In particular, importers in EU countries import and pack honey, and then packaged honey to 

wholesalers and retailers. They can also sell honey to the industry in bulk. There are 3 distribution 

channels for the honey sector: 

• Packer Producers: Beekeepers with honey processing and packaging facilities. They sell 

directly to the consumer and reach the consumer either from their own stores or nearby retail stores. 

They are usually small businesses. 

• Packer cooperatives: Beekeeping groups that purchase, produce, process, package and 

market their own brands. 

• Packers: They buy honey from importers and beekeepers and make packaging with their 

own brands. They also provide private label products to retailers. 

Retailers have a very important role in the distribution of honey to consumers. Supermarkets 

and hypermarkets are important centers where honey is sold. They are usually attached to large 

groups. Due to the size of the company, the purchasing power is very high. In general, private label 

products are sold and the prices are relatively low, although there is no difference in quality. 

Most of the honey sold in retail is blended. Because it is not possible to make a honey that 

is acceptable from low priced honeys. However, different types of honey belonging to a region can 

be found in private stores. These specialty shops are usually organic and natural products. These 

are the second retail channel. Concerns about food safety increase the interest in these stores. 

In the recent years, it has been particularly important in recent years to establish cooperative 

or producer unions, where they can have a say in determining price and market the product with 

less risk, since it is generally at the discretion of wholesalers and there is no market guarantee. In 
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this regard, the roof made of bee producers' associations with legislative work Turkey Central 

Union of Beekeepers (TAB) was established in May 2003. 

 

4. Conclusion 

The richness of floral resources and colony presence in our country, the presence of different 

climates and regions, the high number of unprocessed areas for agricultural purposes, the use of 

agricultural pesticides is low, rich in bee gene resources makes it convenient to beekeeper and 

fixed beekeeping. (Korkmaz et al., 2008). 

In our country, the flowering times are spread over almost the whole year, there is sufficient 

amount of timber required for the production of hives, giving a traditional importance to bee and 

its product honey, the availability of labor to be transferred to beekeeping and  gradually increases 

the importance of beekeeping (Talu, 2004). The added value of beekeeping to the country's 

economy is directly as a result of being an agricultural activity and indirectly due to its being a 

socio-economic issue and its contribution to crop production. Beekeeping is not dependent on soil 

and can be a source of livelihood for landless or less landed families. It is also the only agricultural 

activity that creates the cheapest and easiest employment. It has no direct or indirect harmful 

effects on the environment and nature. More importantly, there is an absolute need for bees and 

therefore beekeeping for natural balance. In our country, products that need bee pollination are 

grown in large areas and beekeeping is utilized in this direction. Briefly, beekeeping has direct and 

indirect contribution to the economy of the country through honey and beeswax production as a 

branch of production. In addition, being the source of employment for the producers, the majority 

of whom live in rural areas and do not have sufficient land, reveals the importance of beekeeping 

in terms of the Turkish economy. Economically, the development of beekeeping helps the 

emergence and employment of industrial sectors in which bees, queen bees, hives, honey filtering 

machines, basic honeycomb, beekeeping materials and packaging materials are produced for the 

beekeeping sector. Due to the large number of flower type in the world with the highest quality 

honey is obtained in Turkey.  

In beekeeping, the marketing process is as important as the production process. It is an 

economic activity carried out by the buyers and sellers in free market conditions, in which way, 

how much, when and to whom the products are sold.  



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

In our country, besides the importance given to beekeeping, there are some problems 

experienced by the producers. Although production costs have risen considerably, the fact that 

honey prices are in place causes problems in the producers' marketing of honey and other bee 

products at value prices. Our country cannot reach the desired level in honey export; This is due 

to the fact that the production cannot be done with standard, controlled and proper packaging, and 

because of the high input prices and labor in the honey and other bee products produced, it is 

marketed above the world prices. In order to prevent this and to solve other problems more easily, 

beekeepers should be able to protect their organizations and become more powerful (Yaşar, 2009). 

In recent years, it has been found that some cooperatives and some beekeeper unions within 

the scope of Agricultural Development Cooperatives have started to gain success in the production 

and marketing of honey and other bee products in Turkey as well as wholesalers, retailers, 

exporters and handlers in the marketing of honey and other bee products. However, producers can 

also offer honey directly to consumers in local markets or at roadside stalls (Saner et al 2005). 
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Abstract 

 

Agricultural sector is vital importance to every community and is one of the most important issues 

on the world. Technology continues to be an integrated part of this important sector too. 

Technology makes itself felt much more in the agricultural sector. With Industry 4.0, technologies 

have become even smarter that make the farmer's work easier by increasing productivity, earnings 

and quality in agriculture. While the World rapidly adopting the 4th Industrial Revolution, it is 

aimed to increase the speed and efficiency many times by interacting the agricultural machines 

which are the results of Industry 4.0. In this study, the effects of industry 4.0 on agricultural sector 

are examined and evaluated conceptually. 

 

Keywords: Agriculture, Industry 4.0, Intelligent Agriculture, Agricultural Economics. 
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1. Introduction 

 

The developing technology has taken place in the agricultural sector which is important for 

the society as well as in all areas of life and has continued to receive rapidly. Technology has 

become an indispensable tool in agriculture in order to increase the speed and productivity in 

agricultural production in response to the demand generated by the increasing population. The use 

of the Internet in many areas and the fact that it became widespread with the expression “internet 

of things” started to form the fourth industrial revolution and this revolution was named after the 

Industrial 4.0 revolution. With this revolution, catching up with the developing and advancing era 

and technology is important in the agricultural sector as well as in all other sectors.  

Technology makes itself felt more and more in the agricultural sector. Technologies that 

make the farmer's work easier by increasing productivity, earnings and quality in agriculture have 

become even smarter with Industry 4.0. While rapidly adopting the 4th Industrial Revolution of 

the World, it is aimed to increase the speed and productivity by so much more with the interaction 

of agricultural machines, which are the results of Industry 4.0 (Kahraman, 2018). 

Increased yields and reduced costs in agricultural products are encouraging for farmers to 

purchase technology. Farmers should be supported economically in the process of spreading a 

standard infrastructure throughout the country. In order to transform classical agriculture into 

smart agriculture, the welfare of the farmers must be increased. It can be said that welfare-

enhancing regulations in agriculture will accelerate the transition to smart agriculture in the future. 

It is important to give priority to support for standardization of agricultural products. Considering 

the sustainable increase of the support provided to the agricultural sector and the negative and 

unexpected effects of climate change, it has become a necessity for the efficient use of natural 

resources and to ensure food safety. The adoption and application of technological innovations in 

agriculture will be ensured through training activities to be prepared in accordance with the age 

groups of the farmers. In this study, the effects of industry 4.0 on agricultural sector are examined 

and evaluated conceptually. 

 

 

2. Elements of Industry 4.0 
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The elements of industry 4.0, where it is possible to define machines, vehicles and people as 

a system enabling communication with sensors, are listed as follows (Ötleş and Özyurt, 2016; 

Çolak et al., 2016): 

 Big Data Analysis: In addition to production systems, data obtained from many different 

sources such as corporate and customer based management systems are collected and 

evaluated extensively. It is planned to become the standard in real-time decision-making 

processes. This improves the quality of production, saves energy and simplifies equipment 

maintenance. 

 Smart Robots: Robots have long been used in various industries. With the advancing 

technology, robots become more autonomous, flexible and cooperative, while lowering the 

cost of ownership. In the following periods, it is planned to increase the interaction of 

robots with each other in order to work more confidently with people and to improve their 

learning abilities.  

 Simulation: At the design stage, 3-D simulation of products, materials and production 

processes is used today, but it is expected that the use of simulations in factory operations 

will become widespread in the future. In these virtual models prepared using real-time data, 

virtual reality of the physical world is created with machines, products and people. It is 

expected that operators will have the opportunity to test virtually before setting the machine 

parameters for the product on the production line, reducing machine installation time and 

improving product quality. 

 Vertical and Horizontal System Organization: Today, companies, suppliers and customers 

are rarely connected to each other end-to-end, meaning most systems are not integrated. 

The same applies to engineering design, production and service functions, as well as to 

companies. However, with the development of universal data integration networks 

throughout the company, it is planned that companies, units and competencies will become 

more compatible with each other. 

 Internet of Things: Today, some of the sensors and machines are used in networked 

integrated data processing. Sensors and field devices with limited artificial intelligence and 

automation control mechanisms are designed according to the control system of the general 

production. However, in the future, the Internet of things (more devices, even semi-finished 

products) will be connected to each other using standard technologies to create integrated 
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data. Thus, the equipment used is expected to be able to communicate with each other as 

well as with central control systems. Furthermore, real-time decision-making processes 

will be possible, eliminating the need for one-stop analysis and decision-making. 

 Cyber Security: Today, many companies use non-interconnected management and 

production systems. With increased connectivity, secure communication based on 

identification of machines and managing access to machines is expected to gain importance 

in order to protect critical industrial systems and production lines against cyber security 

threats. 

 Cloud: Some companies use cloud-based software for corporate and analytical 

applications. However, in the future, more data on products is expected to be shared 

between plants and companies. Moreover, with improved cloud technologies performance, 

the response time can be reduced to a few milliseconds. Thus, more services will be 

provided to production systems with the increase in data and functions of machines in the 

cloud. Even moving and monitoring systems to the cloud is among the experts' work. 

 Additive Manufacturing: Companies have started to adopt additive manufacturing 

techniques, such as three-dimensional printing, to prototype and produce parts. This 

method will be used more widely in the future, especially in areas such as complex and 

lightweight designs to produce a small number of special products. As a result, high 

performance and decentralized additive production systems are thought to reduce logistics 

costs and inventory levels. 

 Augmented Reality: Augmented reality is a variety of services, such as selecting parts from 

the warehouse or sending repair instructions to mobile devices. These systems are at an 

early stage, but are expected to be used more in the future to improve the decision-making 

and operational processes of companies and to provide real-time information to their 

employees. 

 

 

3. Intelligent Farming 

 

Agriculture is of vital importance to every community and is one of the most 

important issues on the planet. Technology continues to be an integrated part of this 
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important sector. Nowadays, with the effect of Industry 4.0, almost all agricultural 

machines, from tractors to crop tools, are equipped with sensors. By entering the internet 

of things into the agricultural sector, it is ensured that the machines are in communication 

with each other during the whole production process. With agricultural equipment and 

fields equipped with digital sensors, it shows farmers in detail and in real time how much 

and what type of fertilizers should be placed, weather conditions, minerals and irrigation 

needed by plants, soil condition, estimated harvest time. In addition, it is aimed to facilitate 

the works of the producers and to maximize the efficiency compared to the traditional 

methods. Workloads and costs are reduced because of the machines that talk to each other 

and synchronize. Agricultural production, which is already efficient thanks to technology 

in Europe, will become even more productive with the agricultural revolution that some 

large companies call Agriculture 4.0, which is one of the consequences of Industry 4.0, and 

with this understanding spreading to the world, smart people will produce the highest 

quality products quickly and cheaply. 

It is aimed to maximize productivity with the internet of things in agriculture. Since 

natural resources are used at the required level, the cost decreases. Similarly, with the 

intelligent systems on the farm, all the factors necessary for production are analyzed and 

presented to the producer simultaneously. In this way, waste of resources is prevented and 

quality products are produced. In addition, fast decision-making mechanisms are 

established with machines that communicate with each other and operate synchronously. 

The producer is given the opportunity to manage and observe the whole farm from a tabet 

or telephone, reducing the labor force and creating efficient, fun, quality and natural 

production opportunities.  
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Source: Smart Farm Systems 

 

Today, companies are working on the internet of things in agriculture. For example, 

the linked herd management system of the German agricultural machinery company 

CLAAS is an interesting system that can serve as an example for the Internet of things in 

Agriculture and Livestock. With the internet of things in agriculture, the producer can 

observe and manage all agricultural activities from a single source. 

 

 

 

               Source: Nowatzki 
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Today, companies are working on the internet of things in agriculture. For example, the 

linked herd management system of the German agricultural machinery company CLAAS is an 

interesting system that can serve as an example for the Internet of things in Agriculture and 

Livestock.  

 

Source: CLAAS 

 

In this system, all cows in the herd are equipped with special sensors. In cases where cows 

are pregnant or sick, these sensors are informed via SMS and 200 megabytes of data are produced 

for each cow per year. 

 

4. Conclusion 

 

Industrial revolutions have brought many innovations and have been a turning point in the 

industrial sector. Industry 4.0 introduced a new set of industry-based systems. With intelligent 

agricultural systems, mini unmanned aerial vehicles with cloud connection and camera can 

monitor the entire farm, control natural elements such as humidity, temperature with digital 

sensors, prevent unnecessary use of natural resources and reduce environmental pollution. In 
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addition, manufacturers can evaluate real-time production performance with these systems and 

analyze all products and resources in detail.  

Industry 4.0 process creates many opportunities such as increasing the employment of 

qualified employees, the emergence of new business areas, the formation of new entrepreneurs, 

the improvement of the national economy, the competitive advantage of enterprises, and the 

decrease of official workload in public institutions, If the processes are not planned correctly, 

unqualified employees will be unemployed (using robots instead of human labor), increase in 

poverty level, loss of enterprises that cannot keep up with the new process and come to the closing 

stage. The same situation has been experienced in previous globalization periods and the situation 

has been tried to be improved with new employment policies. It is expected that this new period 

will be similar and that new job sites will emerge and unemployment will not increase much. With 

the use of autonomous machines in enterprises, it is expected that enterprises producing products 

that are faster, more qualified, cheaper, more environmentally friendly and that produce products 

for the individual wishes of customers will gain competitive advantage and increase in profitability 

level (Serinikli, 2018). 

Some of them have already been implemented with advanced technology intelligent 

agriculture systems in the future; we will have the opportunity to monitor the entire farm with 

cloud-connected and unmanned mini-aerial vehicles, control natural elements such as humidity, 

temperature with digital sensors, prevent unnecessary use of resources such as water and 

electricity, and reduce water pollution. In addition, farmers will be able to evaluate real-time 

production performance with these systems and analyze all of their products and resources in 

detail. With the spread of internet of things in agriculture, productivity will increase significantly. 

Analysis of unwanted substances such as heavy metals in the soil with advanced technology, 

remote operation and control ability, protection of natural resources and green energy, the ability 

to harvest products without decay are the main objectives of companies in the agricultural sector 

and renewing the machines with the industrial revolution, quality and efficient agriculture is being 

made with each passing day.  

Agriculture in the world is in continuous development. Adaptation to technological 

developments with unmanned aerial vehicles and satellite technologies, the use of agricultural 

machinery with sensors and the management of cultural processes, wireless data transfer will 

initially bring many costs. Agriculture's contribution to the increase in productivity, the reduction 
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of the costs of all activities, the increase of quality by increasing revenues from the sector, and the 

reduction of economic losses caused by the negative effects of climate change make the initial 

costs insignificant. Agriculture 4.0 will help simplify the farmer's work. However, with the help 

of moving sensor irrigation-fertilizing-spraying systems and computer programs evaluating the 

data obtained from satellite and unmanned aerial vehicles, the disease pest estimates, although 

helpful, will be added to the farmer's own observations in the field to solve many unexpected 

problems. 
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Abstract 

 

The deterioration of environmental factors, economic and technological development, the 

formation of complexity in societies, the rise of complex structures have made the environment 

and green and green management practices more important.  Especially value-creating green 

approaches are considered as critical components in both public and private sector applications 

and defined as indicators of success in terms of sustainability. In this context, the determination of 

the difficult and the value-creating green approach, which is a complex process, and the 

combination of multiple variables in decision-making can be considered as a problem. According 

to the results of the analysis, the most important main factors were “environment-oriented strategic 

decisions”, “green supply chain initiative” and “product, process and service valuation”.  

  

In this respect, this study is aimed to determine the importance of the factors that should be 

considered in the process of determining the application level of value creating green approaches. 

With the obtained data, the importance levels of the factors were determined by using ENTROPİ 

method. The other relatively major factor was found to be “systematic environmentally friendly 

applications”.  The least important main factors are; “environmental life cycle analysis” , 

“Decision making and monitoring for environmental-friendly products” and “Designing 

recyclable and reusable products” respectively. 

 

Keywords: Green Approaches, Value Creating Green Approaches, ENTROPI Method. 
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1. Introduction 

 

Nowadays, waste and gas emissions generated by supply chains are a major source of serious 

environmental problems, leading to global warming and acid rain (Bloemhuf et. al., 1995). Within 

the scope of supply chains, various studies are carried out to minimize the damages to the 

ecosystem. With globalization, solutions in all areas of supply chains have increased. These fields 

are; environmental compliance requirements, supply chain requirements and consumer demands, 

sustainability and corporate social responsibility projects (Shecterle and Senxian, 2008). 

In addition to reducing costs in a competitive market environment, businesses were forced 

to adopt more environmentally friendly policies as a result of the Kyto Protocol signed in 1997. 

Logistics is one of the main operations of the company. For this reason, logistics is costly and 

damages the environment. The purpose of green logistics is to reduce the environmental impacts 

of businesses while continuing their logistics activities. 

Green logistics is an issue that has recently developed and become widespread in the 

transportation sector. The world's leading transport companies have begun to transition to green 

logistics since the early 2000s and local companies since 2010. Along with the laws and incentives 

applied in developed countries, railway, maritime and inland waterway transportation has also 

been used as a substitute for the road.  

In this context, the aim of this study is to determine the green approach application criteria 

that create value in the companies operating in the field of logistics in TR A1 region and to ensure 

that these criteria are weighted by ENTROPY method. In the following sections of the study, the 

literature about green approach applications is emphasized and the ENTROPY explanations which 

constitute the method of the study and the application of the method for TR1 region are discussed. 

 

2. Literature Review 

 

Green logistics indicators have been revealed by many researches. When the literature on 

green logistics is examined, Confente and Ruso (2009) argued that the recyclability of products 

and packaging and the creation of limited spaces for logistics applications are examples of green 

logistics practices.  
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Lopes et al. (2010), green value indicators are based on the certification of environmental 

management system, reducing energy consumption and using renewable energy. In addition, it is 

seen that product and packaging refer to environmentally friendly and coordinated transportation 

to recycling by acting with green awareness in product design. 

As a result of a study conducted by Hu and Hsu (2010) on companies in Taiwan, green 

supply chain implementation has been dealt with in four dimensions: supplier management, 

product recycling, enterprise relationship and life cycle management. 

Kim and Han (2011) demonstrated that both freight transport and storage actions are among 

the green logistics indicators. 

Zhang and Zhao (2012) demonstrate the importance of disposal of waste within the 

enterprise, stating that measures should also be taken for freight transport. 

Evangelista et al. (2012), it is seen that the legal regulations and the actions related to freight 

transportation are added to the green logistics indicators. 

According to Seroka (2014), it connects green logistics indicators to the cooperation between 

product designer and supplier, environmental cooperation with customers, legal regulations, green 

design and reverse logistics. 

Wichaisri and Sopadang (2014) showed that activities aiming to minimize waste rate, 

intermodal transportation systems, cargo transportation activities and raising awareness of the 

organizational structure are among the green logistics indicators. 

Jaller et al. (2015), in addition to the legal regulations, the use of environmentally friendly 

vehicles and intermodal transport systems and the prevention of traffic congestion that may occur 

during the distribution of the cargo are presented as green logistics indicators. 

Atrek and Özdağoğlu (2016) provided data on the current status of green supply chain 

applications in the aluminum joinery sector in İzmir. As a result of the study, it was concluded that 

green supply chain applications are not at the desired level and should be developed. 

Zengin (2017) examined the effects of green logistics practices in sustainable development 

and aims to evaluate the situation in Turkey on green logistics. There are businesses that consider 

the practice green logistics in Turkey. 

In the literature review, no studies have been found to compare the criteria for the value-

generating green activities of logistics companies with MCDM methods. This situation increases 

the importance of the subject and shows the difference from other studies in the literature. The aim 
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of this study; The criteria related to the value-creating green activities of the companies operating 

in the field of logistics in TR A1 region (Erzurum, Erzincan and Bayburt) were weighted with 

ENTROPY method and the results were discussed and compared. 

 

3. METHODOLOGY 

In this section, ENTROPY which is the method of the research is mentioned.  

 

3.1. Entropy Weight Method 

 

Entropy is one of the weighting methods that reflect reality. Entropy, an effective method 

used to explain the maximum uncertainty or minimum certainty of the problem, also eliminates 

human-induced errors. In practice, the smaller the value in the method, the smaller the degree of 

irregularity (Wu et al., 2011: 5163-5165; Çiçek, 2013: 59). 

The application steps of Entropy Weight method are given below (Abdullah and Otheman, 

2013: 26). 

Step 1. Creating the Initial Decision Matrix. 

For a multi-criteria decision problem with m decision alternatives and n evaluation criteria, 

an initial decision matrix is created as follows. 

 

                         

𝑋11 𝑋12 … 𝑋1𝑗

𝑋21 𝑋22 … 𝑋2𝑗
....

𝑋𝑖1 𝑋𝑖2 𝑋𝑖𝑗

 

Step 2. Normalization of the Initial Decision Matrix 

In the normalization process, the following formulas apply according to whether the criteria 

are benefit (1) or cost (2): 

    Pij = 
Xij−Xj

min

Xj
max−Xj

min         i = 1,…..,m; j = 1,…..,n     (1)                                                

    Pij = 
Xj

max−Xij

Xj
max−Xj

min         i = 1,…..,m; j = 1,…..,n     (2) 

After the initial matrix is normalized, equation (3) is used by showing R = [rij]mxn in the 

matrix.  

Xmxn  = 
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 Pij = 
rij

∑ rij
m
i=1

         (3) 

Step 3. Calculation of Entropy Value 

The entropy value (Ej) is calculated using the following equation (4): 

Ej = -k∑ 𝑃𝑖𝑗ln (𝑃𝑖𝑗
𝑚
𝑖=1 )        (4)  

Where k is calculated by the formula k = (ln(m))-1 . 

Step 4. Calculation of Degree of Differentiation 

The degree of differentiation of the entropy value (dj) is calculated using the equation (5): 

dj = 1-Ej ; Ɐj            (5)  

Step 5. Calculation of Entropy Weight 

The objective weight (Wj) of each criterion is defined according to equation (6):  

Wj = 
𝑑𝑗

∑ 𝑑𝑗
𝑛
𝑗=1

, Ɐj            (6)          

 

 

 

                                        Figure 1. Stages of Entropy Application 

4. Findings 

Determination of the Problem

Determination of Criteria

Determination of criterion 
weights

 

LiteratureResearc

h 

 

Expert Opinions 

 

ENTROPY 
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In this study, multi - criteria decision model has been established to determine the application 

level of value - creating green approaches in international logistics companies located in TR A1 

region. Entropy evaluation model steps are applied in the model given in Figure 1. According to 

the model primarily benefiting from the literature value criteria it was identified by experts' views 

on the implementation level of creative green approach. Since the identified criteria were not of 

equal importance, the criteria had to be prioritized. In this context, the criteria determined by the 

Entropy method were weighted.  The following table was created by using studies of Van Hoek, 

(1999), Sarkis, (2003) and Zhu et al. (2007)  while determining the criteria. 

 

Table 1. Decision Criteria 

 

Main Criteria 

Systematic Environmentally 

Friendly Applications (C1) 

Environmental Life Cycle 

Analysis (C2) 

Environmental Focused 

Strategic Decisions (C3) 

Designing Recyclable and 

Reusable Products (C4) 

Product, Process and Service 

Valuation (C5) 

Decision Making and Tracking 

for Environmentally Friendly 

Products (C6) 

Green Supply Chain Initiative 

(C7) 

 

4.1. Weighting Criteria 

At this stage, the decision matrix has been established to evaluate the criteria. Academicians 

(3) who are the stakeholders of the subject; Ordu (4), Giresun (1), Trabzon (7), Rize (1), and Artvin 
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(1) A total of 17 questionnaires were submitted to the managers of international logistic firms (1). 

Tables of opinions are presented in the Appendix. In this respect, weights were determined with 

Entropy for the weighting of the criteria and the criteria weights in Table 2 were obtained.  

Table 2. Criterion Weights Table 

  C1 C2 C3 C4  C5 C6 C7 

Weight 0,139 0,128 0,162 0,136 0,151 0,130 0,154 

 

According to Table 2, “Environmental Focused Strategic Decisions”, “Green Supply Chain 

Initiative”, ”Product, Process and Service Valuation” and “Systematic Environmentally Friendly 

Applications” were determined as the most important main criteria for internationally qualified 

logistics companies. On the other hand, the most important criteria were found to be 

“Environmental Life Cycle Analysis”, “Decision Making and Tracking for Environmentally 

Friendly Products”  and “Designing Recyclable and Reusable Products”  respectively.  

 

5. Conclusion and Suggestions 

 

Industrialization and consumption culture directly harm the nature to which human is bound 

by an organic bond and with the realization of the irreversible consequences of this damage, “green 

activities” are rapidly gaining importance with the realization that the human race will directly 

affect both the present and future generations. In order to reduce the harm to nature, human based 

approaches have been abandoned and environmental based approaches have gained importance. 

In this direction, efforts have been started in order to minimize the harm caused by human beings 

to the environment in a wide range ranging from individuals on a global scale to the state and even 

to international organizations. Within this framework, the criteria for applying value-creating 

green approach in the companies operating in the field of logistics in TR A1 region were 

determined and the criteria were weighted with ENTROPY method. In the study, “Environmental 

Focused Strategic Decisions”  is the most important criterion regarding green value creation 

practices with the opinions of 17 people in total in the field of logistics and companies operating 

in the TR A1 region (Erzurum, Erzincan ve Bayburt).  

In the ENTROPY method, the most significant criteria were “Environmental Life Cycle 

Analysis”, “Decision Making and Tracking for Environmentally Friendly Products”  and 
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“Designing Recyclable and Reusable Products” The problem addressed in this study can be applied 

to enterprises or producers operating in different fields on a sectoral basis. Similarly, the impact 

of different combinations of criteria affecting green logistics activities can be examined in future 

studies. 
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Appendix 

 Appendix:1. Decision Makers' Decision Matrix Based on Criteria. 

Criteria C1 C2 C3 C4 C5 C6 C7 

C1 1 7,10 3,63 4,70 4,19 5,49 5,61 

C2 3,34 1 2,76 3,81 5,80 3,39 2,70 
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C3 4,56 6,44 1 2,73 2,99 4,13 3,89 

C4 5,15 6,01 6,60 1 3,15 5,44 2,74 

C5 6,44 5,90 3,11 5,04 1 6,10 5,79 

C6 5,33 4,84 2,49 4,19 5,44 1 3,89 

C7 3,17 5,39 3,90 6,15 6,17 3,96 1 

 

 APPENDIX :2. Normalized Distribution Table 

Criteria C1 C2 C3 C4 C5 C6 C7 

C1 0,03
5 0,193 0,155 0,17 0,146 0,186 0,219 

C2 0,11
5 0,027 0,119 0,138 0,202 0,115 0,105 

C3 0,15
7 0,176 0,043 0,099 0,104 0,14 0,152 

C4 0,17
8 0,164 0,28 0,036 0,11 0,184 0,107 

C5 0,22
2 0,161 0,132 0,183 0,035 0,207 0,226 

C6 0,18
4 0,132 0,106 0,151 0,189 0,034 0,152 

C7 0,10
9 0,147 0,165 0,223 0,214 0,134 0,039 
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Abstract 

 

Nowadays, supplier selection is an important process that needs to be emphasized in terms of 

ensuring customer satisfaction, meeting the needs and operating efficiency.  However, businesses 

must consider sustainable environmental criteria when selecting suppliers. This is because 

enterprises have to prioritize ecological conditions in supply chain components such as production, 

distribution and storage.   

  

In this context, the aim of this study is to determine the importance of the factors that should be 

considered in the process of determining the criteria for the selection of green suppliers. According 

to the obtained data, the importance of the factors was determined by using SAW method. 

According to the results of the analysis, the most important main factor was “quality”, “green 

elements” and “service”. The other relatively important main factor was “cost”.  The least 

important main factors are “delivery” and “technical elements” respectively. 

 

Keywords: Green Supply, Green Supply Chain Management, SAW Method. 
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1. Introduction 

 

Nowadays, environmental management is becoming more and more important day by day. 

This is becoming more important for companies as organizational stakeholders, including 

governments, customers, employees and competitors, are committed to protecting the environment 

(Lee et al., 2009). Reducing climate change risks from green supply chain operation means that 

supplier selection should not take into account the importance of criteria, just as in the traditional 

assessment model. In terms of potential impact, the evaluation criteria should also observe the 

causal relationships. Companies that choose their suppliers should know which suppliers have 

characteristic training in carbon management and carbon information management systems (Hsu 

et al., 2013). Generally, when organizations try to develop or select a supplier assessment and 

selection method, the organization's specific requirements are presented. Therefore, selection from 

a range of different selection methods with model flexibility and different applications is required 

(Govindan et al., 2015). In the industry, environmental protection and sustainable development are 

gaining more and more attention. To extend product life and maintain business continuity, a 

company is now needed to emphasize environmental and green protection, which is now a critical 

part of social responsibility. In a dynamic, competitive and regulatory environment, a good green 

supplier selection model can help reduce environmental and legal risks and increase a company's 

competitiveness. Supplier selection is a key function in the organization's acquisitions. The 

selection of the appropriate supplier from the contradictory qualitative and quantitative criteria 

makes the assessment process a multi-criteria decision making (MCDM) problem (Kannan et al., 

2015). 

Green supplier selection is an important milestone in the transition to the design and 

management of environmentally sustainable supply chains. Most of the modeling in green supplier 

selection is based on the integration of fuzzy theory with traditional MCDM methods (Banaeian 

et al., 2018). The problem of green supplier selection is one of the most important issues in green 

supply chain management, which directly affects the performance of manufacturers. From this 

perspective, it is of great importance to develop and disseminate a new green supplier selection 

decision making method. Although many fuzzy MCDM methods are used to green the supplier 

selection problem, these methods cannot take into account the decision-maker's limited rational 

behavior (Qin et al., 2017). Environmental factors are rapidly emerging as an important issue for 
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business and management consideration. Legal and public pressures are increasing in achieving 

good environmental practices. A significant portion of these pressures are directed to work, often 

described as a major source of pollution. Organizations have tried to respond, for example, by 

developing products and services that use less packaging, reduce pollution or reduce energy 

consumption. Although businesses has been blamed for many environmental issues, it still has 

little guidance on how to reduce this risk. A potentially effective way to manage a company's 

environmental policy is to associate it closely with the activities of the purchasing function. 

Dissemination of environmental management techniques throughout the supply chain may be an 

appropriate method to improve the environmental performance of an industry (Humphreys et al., 

2003). 

In this study, it is aimed to determine the importance of the factors to be considered in the 

process of determining the criteria for the selection of green suppliers. According to the obtained 

data, the importance of the factors were determined by using SAW method. 

 

2. Literature Review 

 

In their study, Govindan et al. (2015) reviewed multi-criteria decision-making approaches 

for supplier evaluation and selection in the literature from 1997 to 2011.  They found that the most 

widely used multi-criteria decision-making approach was the “Analytical Hierarchy Process” 

(AHP) and that the most considered criteria for green supplier evaluation and selection were the 

“environmental management system”.  

In their articles, Lee et al. (2009) proposed a model for selecting factors to evaluate green 

suppliers and evaluate suppliers' performance. They first applied the Delphi method to select the 

most important sub-criteria for traditional suppliers and green suppliers. To evaluate the green 

suppliers of an anonymous LCD manufacturer in Taiwan, they developed a hierarchical FEAHP 

(Fuzzy Extended AHP) model and selected the most suitable supplier. The strength of the proposed 

model is that the uncertainty of expert opinions is taken into account in the evaluation process and 

the model is easy to implement. 

In their study, Hsu et al. (2013) presented a green supply chain management-based 

conceptual framework and operational model to include carbon management in supplier selection. 

After setting the criteria for carbon management activities for the proposed framework, 
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DEMATEL method was applied for an electronic company. The application of the DEMATEL 

method allowed not only the structure and relationships between the criteria, but also the basic 

criteria affecting the choice of suppliers related to carbon management competencies. The results 

of the analysis show that training about carbon management and carbon information management 

systems is the most important criteria. 

Kannan et al. (2015) proposed a model for evaluating green suppliers and evaluating 

suppliers' performance and selecting criteria. A fuzzy AD (Axiomatic Design) model based on 

hierarchy was created to evaluate the green suppliers of a Singaporean company producing plastic 

raw materials. The methodology has been successful in selecting the most suitable supplier. The 

strength of the proposed model is that, despite the uncertainty of the opinions of experts in the 

evaluation process, the model is easy to implement. 

Banaeian et al. (2018) compared the performance of three popular MCDM methods, 

including  Technique for Order Preference by Similarity to Ideal Solution (TOPSIS),  

VlseKriterijuska Optimizacija I Komoromisno Resenje (VIKOR), and Grey relational analysis 

(GRA) when integrated with fuzzy clusters to address problems related to decision uncertainties. 

The comparison shows that the three fuzzy MCDM methods have achieved the same supplier 

ranking results. Fuzzy GRA has a better time complexity than the other two methods and produces 

results with fewer steps and processes. They also found that these results were independent of the 

type of normalization used, distance and aggregation functions used. Another observation is that a 

consistent sequence of alternatives of all methods is produced when changes in supplier 

alternatives occur. 

Qin et al. (2017) developed a new weighting method based on fuzzy logic. In order to 

demonstrate the developed method, they selected a green supplier for a company and performed a 

sensitivity analysis with the help of granular information technology. 

Humphreys et al. (2003) presented the framework of environmental criteria that a company 

can consider in the supplier selection process. The defined criteria were divided into two main 

groups: quantitative environmental criteria and qualitative environmental criteria. Criteria for the 

supplier selection process of a decision support system that integrates this environment and this is 

a kind of guide for purchasing managers to select suppliers from an environmental perspective.  

Dobos and Vörösmarty, (2014), have developed a supplier selection method based on a 

composite indicators model similar to data envelopment analysis. The basic composite indicators 
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model was extended with data envelopment analysis (DEA) efficiency measures to include 

variable type indicators in the model. This extension made it possible to consider not only the 

scoring-type composite indicators but also the efficiency measures used in the classical DEA 

method. These two types of indicators enable decision making in a two-stage decision-making 

process. In the first stage, decision-making units are sorted by composite indicators, and if 

suppliers cannot be ordered explicitly, the decision is made on the basis of DEA-like efficiency 

criteria. In this decision process, supplier selection problem was solved and common weights were 

determined for the next application. 

In their study, Hashemi et al. (2015) presented a case study in the automotive industry to 

demonstrate the effectiveness of the proposed approach to green supplier assessment and selection 

problems. They used Analytic Network Process (ANP) to calculate criterion weights. In total, they 

have contributed to both decision theory and practice by addressing the limitations of existing 

models and applying a comprehensive green supplier selection model in a case study of the 

automotive industry. 

Kuo et al. (2010), in their study, combined Artificial Neural Networks (ANN) and ANP with 

DEA to create a green supplier selection system. Using the Delphi method, the final green supplier 

selection identified six dimensions, including “Quality”, “Cost”, “Delivery”, “Service”, 

“Environment” and “Corporate Social Responsibility. In each dimension, an ANN is used to 

combine criteria. The model evaluation results of the sample company showed that the use of ANN 

and ANP may exceed the limits of DEA. In addition, setting upper and lower limits to limit weights 

may represent the preferences of decision-makers. This can further strengthen the discrimination 

power by combining DEA and ANP. 

Yazdani et al. (2017) developed an integrated approach to evaluate supplier performance and 

to select the best supplier, taking into account the traditional and green supplier selection criteria 

at the same time. They evaluated and ranked ten alternative green suppliers for a well-known 

Iranian dairy company using the integrated approach of DEMATEL, QFD model, COPRAS and 

MOORA methods. 

 

3. Method of the Research 
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In this study, MCDM methods were used to determine green supplier selection factors. In 

this context, the importance weights of the criterion weights were calculated by SAW method. In 

this section, the SAW method, which is used to prioritize factors for green supplier selection, is 

explained.  

 

3.1 SAW Method 

In this method developed by Churchman and Ackoff (1954), firstly matrix normalization is 

performed by using the equations given below and then the alternatives are sequenced. The values 

of the alternatives are ranked from big to small and the first alternative is considered to be the 

highest performing alternative (Savitha and Chandrasekar, 2011). 

The steps of the SAW method are given below (Janic and Reggiani, 2003; Yeh, 2003): 

Step 1: Normalize the Decision Matrix 

In the first step of SAW Method, the decision matrix consisting of m alternatives and n 

evaluation criteria is normalized by making use of the above equation (10). 

rij= {

𝑋𝑖𝑗

maxxij
  𝑖 = 1,… ,𝑚;      𝑗 = 1,… . , 𝑛

𝑚𝑖𝑛𝑥𝑖𝑗

𝑋𝑖𝑗
 𝑖 = 1,… ,𝑚;   𝑗 = 1,… , 𝑛

                    (1) 

Step 2: Calculation of Preference Values of Alternatives 

By multiplying the weight of each criterion with the previously calculated values, the total 

preference value of each alternative is calculated. 

Sj= ∑ 𝑊𝑗𝑟𝑖𝑗𝑚
𝑗=1     , i=,…,m,                                        (2) 

 

4. Implementation 

In this study, a multi-criteria decision model has been established in order to determine green 

supplier selection factors and is presented in Figure 1. 
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Figure 1: Application Steps of the Study 

Processes were performed in order of the application steps of the model, which is expressed 

in Figure 1. According to the decision model, the factors related to the selection of green suppliers 

were determined by using literature review and expert opinions. Since the identified criteria do not 

have the same level of importance, the criteria need to be prioritized. 

In this context, the importance of green supplier selection factors were determined by SAW 

method. The literature review was conducted with the managers, academicians and the 

representatives of the Chamber of Commerce and Industry. The criteria were determined by using 

the studies carried out by Genovese et al. (2010), Nielsen et al. (2014) and Denizhan et al. (2017) 

and the opinions of the expert group.  

 

Table 2. Decision Criteria 

Main Criteria 

Technical Elements (C1) 

Quality (C2) 

Delivery (C3) 

Green Elements (C4) 

Cost (C5) 

Service (C6) 

 

4.1. Weighting Criteria 

At this stage, SAW method was used and a pairwise comparison questionnaire was 

developed to evaluate the criteria.  A questionnaire was submitted to the managers of Textile 

Enterprise (20), academician (2) and the Chamber of Commerce and Industry (3) in other words, 

Determination of 
the Problem

Determination of 
Criteria

Acquisition of 
data

Determination of 
criterion weights

Literature research 

 

Expert opinions 

 

SAW Method 

Literature research  

 

Expert opinions 

 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

25 experts in total. Tables of opinions are given in the Appendix. The weights of the criteria 

determined by the pairwise comparison matrix formed according to the SAW significance scale 

were found and given in Table 3.  

 

Table 3. Weight Values for Criteria 

Alternatives Total Ranking 

C1 0,160 5 

C2 0,181 1 

C3 0,146 6 

C4 0,179 2 

C5 0,164 4 

C6 0,170 3 

 

According to Table 3, “Quality” is the most important main criterion for the selection of 

green suppliers. Other important main criteria were “Green Elements”, “Service” and “Cost” 

respectively.  On the other hand, “Delivery”  criterion for green supplier selection was the least 

important. The other main criterion of relatively least importance was found to be “Technical 

Elements”. 

 

5. CONCLUSION 

 

In recent years, the increase in environmental problems, inadequate waste storage areas and 

inexperience have increased the interest in the green supply chain. The negative impact of the 

environment has triggered civil society organizations, especially the public sector. Thus, through 

the global collaborations, a process development period has begun to reduce environmental 

damage through audit mechanisms. This process brought green supply chain management to the 

agenda, which is considered as an environmentalist approach (Coşkun and Bozyiğit, 2019, 628).  

The green supply chain phenomenon has started to take part in organizational activities and 

has increased its importance every day due to motivating factors such as social responsibility 

attitude in all segments in particular. Green practices often help to improve environmental 

performance, minimize waste, reduce costs, improve quality, efficiency and strength, and create 

synergies with both internal and external customers. 

In the process of determining the criteria for the selection of green supplier company which 

is widely used in the literature, the importance of the factors to be considered was determined by 
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SAW, which is a Multi Criteria Decision Making method. According to the results of the study, 

“Quality”, “Green Elements” and “Service” are the most important main factors for the selection 

of green suppliers. The other relatively important main factor was “Cost”. The least significant 

main factors were “Delivery” and “Technical Elements”, respectively. 

This research will contribute to the practices in the selection of green suppliers in our country 

and it is thought that the results reached can give results in the form of suggestions both for textile 

companies and for companies in other sectors. It is expected that the study will be applied to 

different sectors, highlighting the importance of green supplier selection, and using different 

methods to enable comparison to domestic and international researches.  
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Appendix 

Appendix: 1. Decision Matrix and Maxmin r-Rj Values for SAW Method 

 Criteria 
Types 

C 1 C2 C3 C4 C5 C6 Maxmin 
 r-Rj 

C1 Max. 2,20 3,11 2,44 3,10 1,93 3,91 3,91 

C2 Max. 2,75 3,01 3,21 3,04 2,91 2,75 3,21 

C3 Max. 3,10 2,87 1,75 2,77 3,07 2,44 3,10 

C4 Mix. 4,55 1,99 1,88 2,60 3,15 3,17 1,88 

C5 Max. 3,27 3,33 2,85 3,89 3,56 4,20 4,20 

C6 Max. ,46 3,73 1,55 4,01 4,17 3,10 4,46 

   
 
 

Appendix: 2. Normalization Matrix for SAW Method 

 Criteria 
Types 

C1 C2 C3 C4 C5 C6 

C1 Max. 0,563 0,795 0,624 0,793 0,494 1 

C2 Max. 0,857 0,928 1 0,947 0,907 0,857 
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C3 Max. 1 0,926 0,565 0,894 0,990 0,787 

C4 Mix. 0,413 0,945 1 0,723 0,570 0,593 

C5 Max. 0,779 0,793 0,679 0,926 0,848 1 

C6 Max. 1 a 0,348 0,899 0,935 0,695 
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Abstract 

 

This research was carried out on seed plots in a farmer land in Kahramanmaraş conditions in 2017-

2018 production year. ZDY255 and ZDY301 advanced oat lines developed by a private seed 

company were used in the study. Four different samples with three replications were taken from 

the production plots by using quadrate (33x33 cm) during the grain filling period (end of milk 

stage, beginning of dough stage) of the plants. In this study, green forage yield (GFY), hay yield 

(HY), dry matter ratio (DMR), crude protein ratio (CPR), crude ash ratio (CAR), neutral detergent 

fiber (NDF), acid detergent fiber (ADF) , relative feed value (NYD), macro and micro element 

contents were investigated. Obtained values were calculated by applying “t test” formula in 

Microsoft Excel program. Afterwards, the statistical significance of the data was determined by 

comparing with the table t. According to the results, the highest green herbage yield as 6476 kg / 

ha, hay yield as 2162 kg / ha, dry matter ratio as 33.88%, crude protein ratio as 11.32, NDF as 

55.73%, ADF as 32.24% and RFV as 137.61 was found. There was no statistically significant 

difference between the varieties. However, it has been found that the ZDY255 line has superior 

properties compared to the ZDY301 line in terms of the investigated properties. 

 

Keywords: Feed quality, hay yield, macro and micro elements, ndf and adf, oat, relative feed 

value. 
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1. Introduction 

Cultured oats (Avena sativa L. and Avena byzantina Koch.) Is an important cereal plant in 

terms of human and animal nutrition (Peterson et al., 2005). Oats have around 10 million ha 

cultivation area, 26 million tons of production and 254 kg / da yield in the world (FAO, 2017). 

Oats in Turkey, has about 113 thousand ha of plantation area, 250 thousand tons of production and 

an average yield of 222 kg / ha (FAO, 2017). Oats love cool and rainy climates and adapt to low-

yielding soils better than wheat and barley (Peltonen-Sainio et al., 2007). However, oats are more 

sensitive to cold and heat than wheat and barley. Inadequate and irregular rainfall in spring affects 

the oat yield negatively (Barut, 2003). The lack of drought and cold resistant varieties limits the 

growing areas of oats. In the regions where winter cereals are cultivated in our country, winter oats 

can be significantly damaged by cold. Oats are an important raw material for the feed industry that 

produces alternative feeds such as fattening, dairy feed and lamb-calf growing due to the high 

protein content and the benefit of the avenue (prolamine) in the grain in the development of young 

animals (Dumlupınar, 2010). Oats have important features in terms of human and animal nutrition 

has started to bring it to the fore in the world. The nutritional changes however are different among 

the species warm or cool season grasses, tall or short and legumes or grasses (Erickson et al., 

1976). The selection of variety is an important step in forage production programme to obtain high 

yields (Sharma et al., 2018). Göçmen and Parlak (2017) stated that oat is damaged by winter and 

green grass yield is 738.6 kg / da for 209.4 kg / da, NDF rate is 63.26%, ADF rate is 43.79%, crude 

protein ratio is 11.88% and the rate of crude ash was reported to be 9.11%. Malik et al. (2016) 

reported that crude protein value in oat hay is between 11.77-13.51%, DDM is between 62.98-

68.48, and hay yield is between 2850-3570 kg / da. 

This study was carried out to investigate fodder yield, feed quality and macro and micro 

element contents of ZDY255 and ZDY301 advanced oat lines developed by a private seed 

company under conditions of Kahramanmaraş. One of these lines is considered to be grain feed 

and the other is considered as green and dry fodder. 

 

2. Material and Method 

This research was conducted in 2017-2018 cropping year on farmer land under 

Kahramanmaraş conditions. In the study, ZDY255 and ZDY301 advanced oats lines developed by 
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a private seed company were used. The seed production plots were planted on 29.01.2018 with a 

drill at 18 kg/da rate. Eight kg N and eight kg P2O5 per decare were applied with sowing and 8 

kg/da N was applied as top fertilizer. Chemical (Tribenuron-methyl 75%) was used for broad leaf 

weeds on 15.03.2018. There was no disease and pest control in production parcels. Four samples 

were taken from the production parcels in each of three replications, during the grain filling period 

of the plants (end of milk stage, beginning of dough stage). Samples were taken using a 33 x 33 

cm quadrate. 

In the study, green fodder yield (GFY), dry fodder yield (DFY), dry matter content (DMC), 

crude protein content (CPC), crude ash content (CAC), neutral detergent fibre (NDF), acid 

detergent fibre (ADF), digestible dry matter value (DDM), dry matter intake (DMI) and relative 

feed value (RFV) were investigated according to the methods specified by Van Soest and Wine, 

1967; AOAC, 1990; Van Dyke and Anderson, 2000; Lardy, 2018.  

Data obtained from the trial was subjected to T-test using Microsoft Excel program. (MS 

Excel, 2013). 

3. Results and Discussion 

 

3.1. Fodder Yield and Feed Quality Characteristics of Oats Advanced Lines 

 

In the research fodder yield and feed quality traits were not found statistically significant 

except crude ash content (Table 1) while, macro and micro elements such as, Al, Ca, Cd, Co, Cr, 

Cu, Fe, Mg, Mn, Ni and Pb were differed for oat lines (Table 3 and 4). 

 

Table 1. Average Values of Feed Quality Properties of Two Different Oats Advanced Lines 

Oat 

Lines 

GFY 

(kg/da) 

DFY 

(kg/da) 

DMC 

(%) 

CPC 

(%) 

CAC 

(%) 

NDF 

(%) 

ADF 

(%) 

DDM 

(%) 

DMI 

(%) 

RFV 

(%) 

 ns ns ns ns ** ns ns ns ns ns 

ZDY255 6476 2162 33.88 11.32 9.60 55.73 32.24 46.74 3.79 137.61 

ZDY301 6232 2057 33.09 10.82 7.82 54.11 31.85 45.49 3.73 131.61 

Mean 6354 2110 33.49 11.07 8.71 54.92 32.05 46.12 3.76 134.61 

FFY: Green Fodder Yield, HY: Dry Fodder Yield, DMC: Dry Matter Content, CPR: Crude Protein 

Content, CAC: Crude Ash Content, NDF: Neutral Detergent Fibre, ADF: Acid Detergent Fibre, DDM: 

Digestible Dry Matter, DMI: Dry Matter Intake, RFV: Relative Feed Value, ns: non-significant, 

**p≤0.01, *p≤0.05 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

As shown in Table 1, the highest green fodder yield was 6476 kg/da in ZDY255 oat line and 

6232 kg/da in ZDY301 oat line. Also the highest dry fodder yield was 2162 kg/da in the ZDY255 

oat line and 2057 kg/da in the ZDY301 oat line. Average green fodder and dry fodder yield of the 

investigated lines was found to be 6354 and 2110 kg/da respectively (Table 1). Nainwal and Singh 

(2000) reported different findings from our findings about forage yield. The highest dry matter 

content was found to be 33.88% in the ZDY255 oat line and 33.09% in the ZDY301 oat line. The 

average dry matter ratio of the investigated lines was found to be 33.49% (Table 1). Göçmen and 

Parlak (2017) found the dry matter ratio to be 28%. 

There are not significant differences at protein content of different oat lines. The highest 

crude protein content was found to be 11.32% in the ZDY255 oat line and 10.82% in the ZDY301 

oat line. The average crude protein ratio of the investigated lines was found to be 11.07% (Table 

1). Crude protein did not differ significantly at different varieties (Sharma et al., 2018). Hassan et 

al. (1995) also observed that crude protein content in oat varieties did not show significant 

difference when cut at the same stage of growth. The difference between crude ash content was 

significant at 1% level. The highest crude ash ratio was found to be 9.60% in the ZDY255 oat line 

and 7.82% in the ZDY301 oat line. The average crude ash ratio of the investigated lines was 8.71% 

(Table 1). In the study of Kadam et al. (2019) reported that the ash content was between 12.5 and 

13.3.  

The highest NDF ratio was found to be 55.73% in the ZDY255 oat line and 54.11% in the 

ZDY301 oat line. The average dry matter ratio of the investigated lines was found to be 54.92% 

(Table 1). The highest ADF ratio was 32.24% in the ZDY255 oat line and 31.85% in the ZDY301 

oat line. The average dry matter ratio of the studied lines was found to be 32.05% (Table 1). As 

reported by Sharma et al. (2017), these results are in close conformity with the findings of Harika 

and Tomer (1984) and Ghosh (1985). Varieties did not differ significantly in crude fibre content. 

The highest RFV ratio was found to be 137.61% in the ZDY255 oat line and 131.61% in the 

ZDY301 oat line. The average dry matter ratio of the investigated lines was found to be 134.61% 

(Table 1). 

Feed quality standards developed for livestock consumption are given in Table 2. Feed 

quality is determined according to these standards.  
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Table 2. Forage quality standards for farm animals (Rivera and Parish, 2010). 

Quality Standard CP ADF NDF RFV 

Prime >19% <31% <40% ≥151 

1 17-19% 31-35% 40-46% 125-151 

2 14-16% 36-40% 47-53% 103-124 

3 11-13% 41-42% 54-60% 87-102 

4 8-10% 43-45% 61-65% 75-86 

5 ≤8% >45% >65% <75 

 

According to Table 2, prime quality is the best quality forage, while quality standard 5 

represents the lowest (poor) quality forage. Forage quality improves with higher CP and DDM 

levels. Forage quality decreases with higher fiber levels. Higher dry matter intakes are often 

expected on higher quality forages. When these two oats were evaluated in terms of forage quality 

it was understood that the protein content is at medium quality, NDF ratio is at medium quality, 

ADF ratio is at very high quality and relative feed value is in the quality forage class too. 

 

3.2. Macro and Micro Element Contents of Oat Lines 

 

Average values of the macro and micro element contents of the oats advanced lines examined 

in the research are given in Tables 3 and 4. 

Table 3. Macro and Micro Element Contents of Oat Advanced Lines 

 Oat Lines 

Al 

ppm 

B 

ppm 

Ca 

ppm 

Cd 

ppm 

Co 

ppm 

Cr 

ppm 

Cu 

ppm 

Fe 

ppm 

 ** ns ** ** ** ** ** ** 

ZDY255 448,69 4,08 3934,20 0,04 0,23 2,20 3,38 381,77 

ZDY301 141,15 3,76 2879,82 0,05 0,09 1,27 3,94 150,93 

ns: non significant, **p≤0.01, *p≤0.05 

 

In terms of Al, Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni and Pb elements the difference between 

the studied oat advanced lines was significant, while the difference between B, K, Na, P and Zn 

contents was not significant (Table 3 and 4). 

Table 4. Macro and Micro Element Contents of Oat Advanced Lines 
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 Oat Lines 

K 

ppm 

Mg 

ppm 

Mn 

ppm 

Na 

ppm 

Ni 

ppm 

P 

ppm 

Pb 

ppm 

Zn 

ppm 

 ns ** ** ns ** ns ** ns 

ZDY255 17976,36 1464,75 37,57 1486,88 3,97 2486,05 1,03 14,82 

ZDY301 17133,62 1113,33 31,39 1643,32 11,64 2462,85 1,41 14,02 

ns: non significant, **p≤0.01, *p≤0.05 

 

The fodder of the ZDY255 oat line has a richer content than the ZDY301 oat line in terms 

of Al, B, Ca, Co, Cr, Fe, K, Mg, Mn, P and Zn. Since the difference between crude ash content is 

significant, the difference between macro and micro elements is also significant. 

3. Conclusion 

 

In this study carried out under conditions of Kahramanmaraş, differences between ZDY255 

and ZDY301 advanced oat lines developed by a private seed company in terms of forage yield and 

feed quality of the obtained grass were not found to be statistically significant except crude ash 

content. It can be said that both lines are hopeful for Turkey conditions especially in terms of 

forage yield and animal feeding. However, it is remarkable that the ZDY255 line has superior 

efficiency and quality characteristics compared to the ZDY301 line. It is recommended that it 

would be appropriate to initiate the registration studies of these lines. 
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This research was carried out in the trial area of Kahramanmaraş Sütçü İmam University, Faculty of Agriculture, 

Department of Field Crops in 2017-2018 production year. Fennel populations collected from different regions in 

Turkey (Tokat1 (F1), Tokat2 (F2), Tokat3 (F3), Urfa (F4), Burdur (F5) and Konya (F6)) were used in the study. The 

research was established according to randomized complete block design. In this research, the potential of fennel as 

an animal feed additive was investigated. The plants were cut with sickle during flowering stage. The harvested fennels 

were dried in the oven at 70 ℃ for 48 hours. Then it was milled and passed through a 1 mm sieve. Dry matter ratio 

(DMR), crude protein ratio (CPR), crude ash ratio (CAR), neutral detergent fibre (NDF) ratio, acid detergent fibre 

(ADF) ratio, relative feed value (NYD) etc. were examined. According to the results, the highest dry matter ratio was 

found to be 40.72% in the Konya population and the crude protein ratio was 23.25% in the Tokat 1 population and the 

crude ash ratio was 17.29% in the Tokat 3 population. Fennel hay was found to be rich in nutritive value. The use of 

feed additives in animal husbandry is expected to provide advantages in terms of nutritional value and digestibility. 

 

Keywords: Animal feed additive, Crude protein ratio, Fennel, NDF and ADF ratio, Relative feed value. 

 

1. Introduction 

 

A quality animal feed has a direct impact on animal performance and operational gain. The 

quality of the feed can be defined in different ways. Feed quality is related to nutrient, energy 

value, protein ratio and quality, digestible ratio, fiber ratio, amount of mineral substances, vitamins 

and ratios, and sometimes animal yields. In practice, the consumption performance of animals 

reflects the quality of the feed. Feed quality is determined by the milk yield and increase of the 

animals, the increase in body weight and the performance of the animals. To achieve this quality, 

a number of additives may be included in the feed rations. Feed additives are use in modern animal 

nutrition. They are products which are fed separately or as a component in feed mixture for animal 

performance improving (Gálik, 2012). According to the information given by Galik et al. (2015) 

from the studies of some researchers, feed additives are used in animal nutrition for their positive 

effect on health status and quality of animal production (Suchý et al., 2002; Straková et al., 2007). 
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Capcarová and Kolesárová (2010) reported that feed additives are products with positive effects 

on animal performance. Fennel seed is one of these substances. Benlemih et al. (2014) reported 

that the antibiotics as growth promoters (AGPs) have been widely used in specific diets to prevent 

these digestive disorders. Recently, the concerns about possible antibiotic residues and disease 

resistance have aroused great caution in their use in the animal industry (Jang et al., 2007). Again 

reported by Benlemih et al. (2014) in January 2006, the European Commission banned the 

marketing and use of antibiotics as growth promoters in feed (Huyghebaert et al., 2011). The 

decreased use of Antibiotics as growth promoters in animal diets necessitates finding alternative 

feed additives. Aromatic plants are being explored as options to antimicrobials, due to their 

different active substances. Fennel, used as a spice and medicinal plant, has traditionally been used 

in folk medicine for its ponies, gas expectorant and milk enhancing effects. In folk medicine and 

animal nutrition, seeds of medicinal and aromatic plants are generally used as feed additives. These 

seeds are also used for the treatment of diseases, especially in medical research where experimental 

animals are used as cavy. There are very few studies on the hay of these plants and their effect and 

benefit on animal nutrition. According to Benlemih et al. (2014)'s statements Krieg et al. (2009) 

found that a herbal feed additive had a positive influence on performance and health in weaned 

rabbits; Gulfraz et al. (2008) told that fennel (Foeniculum vulgare) and its preparations are used 

to cure various disorders, and also act as a carminative, digestive and diuretic agent,  anethole and 

its isomers present in fennel oil are responsible for its antimicrobial effects; El Ouariachi et al. 

(2011) told that several studies have been published on the biological properties of Thymus 

capitatus as an antibacterial, antifungal and antioxidant agent. In the light of all this information, 

determining the feed value of the fodder obtained after the harvest is expected to provide a 

multifaceted benefit. In the Gálik et al. (2015)’s study analyzed the effect of a blend of origanum, 

anise and citrus fruits essential oils on biochemical indicators and nutrients digestibility in sport 

horses nutrition. The mixture of origanum, anise and citrus oils can significantly affect some 

biochemical indicators as cholesterol and triglycerides. However, this additive has significant 

effect on dry matter and organic matter digestibility as well as in Mg and K apparent digestibility. 

Results with phytogenic additive with active origanum, anise and citrus fruits show, that this 

additive is useful in sport horses nutrition. In this study, we investigated the possibility of using 

hay as an animal feed or feed additive, not seed obtained from fennel which can grow between 30-

50 cm. 
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2. Material and Method 

 

This research was carried out in the trial area of Kahramanmaraş Sütçü İmam University, 

Faculty of Agriculture and Department of Field Crops in 2017-2018 production year. The research 

was conducted in 2017 winter growing season. Six fennel populations collected from different 

regions in Turkey (Tokat1 (F1), Tokat2 (F2), Tokat3 (F3), Urfa (F4), Burdur (F5) and Konya (F6)) 

were used in the study. The research was established according to randomized complete block 

design as a three replications. In this research, the potential of fennel as an animal feed additive 

was investigated. There was no disease and pest control in the parcels. Four green fodder samples 

were taken from the production parcels in each of three replications. The samples were taken from 

each parcel separately during the flowering stage. The fennels were cut with sickle. The mown 

fennels were dried in the oven at 70℃ for 48 hours. Then it was milled and passed through a 1 

mm sieve. 

In the study, dry matter content (DMC), crude protein content (CPC), crude ash content 

(CAC), neutral detergent fibre (NDF), acid detergent fibre (ADF) were investigated according to 

the methods specified by Van Soest and Wine, 1967; AOAC, 1990; Van Dyke and Anderson, 

2000; Lardy, 2018. The datas in the study were subjected to variance analysis using SAS 9.3 

statistical program (SAS 9.3, 2013). The averages were compared according to the LSD test (Steel 

and Torrie, 1980). 

 

3. Results and Discussion 

 

3.1. Feed Quality Characteristics of Fennel Populations 

 

In the research feed quality traits and micro elements such as, Al, Ca, Cd, Co, Cr, Cu, Fe, 

Mg, Mn, Ni and Pb were not found statistically significant for fennel populations (Table 1, 3 and 

4). 

Table 1. Average Values of Feed Quality Properties of Different Fennel Populations 

Fennel Populations 
DMC 

(%) 

CPC 

(%) 

CAC 

(%) 

NDF 

(%) 

ADF 

(%) 

 ns ns ns ns ns 
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F1 36.93 22.12 15.18 73.33 34.46 

F2 40.27 19.55 17.51 75.32 35.34 

F3 37.72 17.40 17.29 73.68 33.69 

F4 37.10 17.20 15.23 74.27 33.03 

F5 39.15 15.20 11.40 75.30 36.12 

F6 40.71 12.65 12.60 74.20 34.17 

Mean 38.64 17.35 14.87 74.35 34.47 

LSD 7.90 6.91 6.25 4.75 5.79 

CV% 11.24 21.89 23.09 3.51 9.23 

DMC: Dry Matter Content, CPR: Crude Protein Content, CAC: Crude Ash Content, NDF: Neutral 

Detergent Fibre, ADF: Acid Detergent Fibre, ns: non significant, **p≤0.01, *p≤0.05 

 

According to Table 1 the highest dry matter content was found to be 40.71% in the F6 fennel 

population while the lowest dry matter content as 36.93% in the F1 fennel population. The average 

dry matter ratio of the investigated populations was found to be 38.64% (Table 1). The highest 

crude protein content was found to be 22.12% in the F1 fennel population while the lowest crude 

protein content as 12.65% in the F6 fennel population. The average dry matter ratio of the 

investigated populations was found to be 17.35% (Table 1). The highest crude ash ratio was found 

to be 17.51% in the F2 fennel population while the lowest crude ash ratio as 11.40% in the F5 

fennel population. The average crude ash ratio of the investigated populations was 14.87% (Table 

1). The highest NDF ratio was found to be 75.32% in the F2 fennel population while the lowest 

NDF ratio 73.33% in the F1 fennel population. The average NDF ratio of the investigated 

populations was found to be 54.92% (Table 1). The highest ADF ratio was 36.12% in the F5 fennel 

population while the lowest ADF ratio 33.03% in the F4 fennel population. The average ADF ratio 

of the studied populations was found to be 34.47% (Table 1). 

Feed quality standards developed for livestock consumption are given in Table 2. Feed 

quality is determined according to these standards. 

Table 2. Forage quality standards for farm animals (Rivera and Parish, 2010). 

Quality Standard CP ADF NDF RFV 

Prime >19% <31% <40% ≥151 

1 17-19% 31-35% 40-46% 125-151 

2 14-16% 36-40% 47-53% 103-124 

3 11-13% 41-42% 54-60% 87-102 

4 8-10% 43-45% 61-65% 75-86 

5 ≤8% >45% >65% <75 
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Prime quality is the best quality forage, while quality standard 5 represents the lowest (poor) 

quality forage. Forage quality improves with higher CP and DDM levels. Forage quality decreases 

with higher fiber levels. Higher dry matter intakes are often expected on higher quality forages. 

According to Table 2, when these six fennel populations were evaluated in terms of forage quality 

it was understood that the protein content is different quality, F1 and F2 populations are prime 

level quality, F3 and F4 are first level quality, F5 and F6 are second level quality. The NDF ratios 

of all populations are fifth level quality. The ADF ratios of five populations (F1, F2, F3, F4 and 

F6) are first level quality and F5 population is second level quality. 

3.2. Macro and Micro Element Contents of Different Fennel Populations 

 

Average values of the macro and micro element contents of the different fennel populations 

examined in the research are given in Tables 3 and 4. 

Table 3. Macro and Micro Element Contents of Different Fennel Populations 

Fennel Populations 
N 

% 

K 

% 

Ca 

% 

P 

% 

Mg 

% 

 ns ns ns ns ns 

F1 2.71 2.90 1.59 0.375 0.57 

F2 2.78 2.79 1.68 0.382 0.59 

F3 2.31 2.66 1.67 0.342 0.58 

F4 2.41 2.59 1.54 0.360 0.57 

F5 2.18 2.72 1.41 0.355 0.53 

F6 2.11 2.30 1.39 0.311 0.54 

Mean      

LSD 0.7878 0.5333 0.3513 0.1175 0.121 

CV% 17.91 11.01 12.45 18.24 11.79 

ns: non significant, **p≤0.01, *p≤0.05 

In terms of macro and micro elements the differences between the studied fennel populations 

were not significant (Table 3 and 4). 

The fodder of the F2 fennel population has a richer content than the other fennel populations 

in terms of N, Ca, P, Mg, Na, Cu, Zn and Mn. Same way the fodder of the F1 fennel population has 

a richer content than the other fennel populations in terms of K and the fodder of the F3 fennel 

population has a richer content than the other fennel populations in terms of Fe. 
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Table 4. Macro and Micro Element Contents of Different Fennel Populations 

Fennel Populations 
Na 

mg/kg 

Fe 

mg/kg 

Cu 

mg/kg 

Zn 

mg/kg 

Mn 

mg/kg 

 ns ns Ns ns ns 

F1 7342 481 19.30 49.28 54.43 

F2 8158 533 19.70 52.28 55.40 

F3 7142 623 17.70 47.38 54.93 

F4 7971 454 18.27 49.40 49.57 

F5 7750 281 17.63 42.35 40.20 

F6 6526 215 16.83 46.16 35.77 

Mean      

LSD 1435 359 3.4238 17.813 25.174 

CV% 10.54 45.82 10.31 20.48 28.59 

ns: non significant, **p≤0.01, *p≤0.05 

 

3. Conclusion 

 

In this study carried out under conditions of Kahramanmaraş, differences between six fennel 

populations in terms of feed quality and macro and micro element content of the obtained fennel 

hay were not found to be statistically significant. 

When these six fennel populations were evaluated in terms of forage quality it was 

understood that the protein content is different quality levels. The F1 and F2 populations are prime 

level quality, F3 and F4 populations are first level quality and F5 and F6 populations are second 

level quality. The NDF ratios of all populations are fifth level quality. The ADF ratios of five 

populations (F1, F2, F3, F4 and F6) are first level quality and F5 population is second level quality. 

However, it is remarkable that the F1 population has superior efficiency and quality characteristics 

compared to the other populations in terms of protein content. In terms of macro and micro element 

content, F2 fennel population was found to be prominent than the other populations. 

It can be said that fennel populations are hopeful using as a feed additive for husbandry, 

especially in terms of protein content and ADF content. Besides, it is recommended that it would 

be appropriate to do the advanced studies of these populations to determine the other content like 

fixed oil, flavonoid content and phenolic acid content etc.. 
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Abstract 

In this study, fixed fat ratios and fixed fat components of two different Hypericum species were determined. These 

species; Hypericum confertum subsp. stenobotrys (Boiss.) Holmboe and Hypericum venustum Fenzl. Hypericum 

species are among the important medicinal plants. The materials were collected during the field trip from Nurhak 

district of Kahramanmaras province and dried in the shade. The above-ground parts of the dried material were milled 

and extracted with ether in Soxhlet Extraction apparatus for six hours. At the end of the time the ether was removed 

and the fixed oils of the species were taken into tubes. The study was conducted in Kahramanmaras Sütcü Imam 

University, Faculty of Agriculture, Department of Field Crops, Medical and Aromatic Plants Laboratory. Fixed oil 

components were determined in the USKIM laboratory of Kahramanmaras Sütcü Imam University. Considering the 

fixed oil ratio between species, H. confertum subsp. stenobotrys 17.64%, H. venustum species contain 15.90% fixed 

oil. Total of 21 fatty acids have been identified in terms of fatty acid components and the amount of these components 

varies between species. The major fatty acid components of  species; H. confertum subsp. stenobotrys were gamma-

linolenic acid (%29.76), oleic acid (20.97%), linoleic acid (9.72%), palmitic acid (14.92%) and behenic acid (7.63%) 

and H. venustum was determined as gamma-linolenic acid (42.17%), oleic acid (4.37%), linoleic acid (7.48%), 

palmitic acid (11.20%) and behenic acid (17.33%). There are significant differences between these species in terms 

of fixed fatty acid components. 

 

Keywords:  Fixed fatty acid, Hypericum, Oil component 
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1. Introduction 

 

Hypericum L. genus belongs to the family Clusiaceae (Guttiferae) and contains a large 

number of important medicinal plant species. This species is naturally distributed in tropical and 

subtropical regions in many countries including Africa, Asia, Europe, Siberia, North America and 

Cyprus, except for Antarctica. The genus of Hypericum has 484 species on Earth and is represented 

about 100 taxa divided into 19 sections in Turkey. Forty five of these taxa are endemic to Turkey 

(Eroğlu ve ark. 2013; Akgöz, 2013). The local names are used such as binbirdelik otu, kan otu, 

kılıç otu, yara otu, kuzu kıran ve sarı kantaron for the species of Hypericum (Baytop, 1991). It is 

known to be used in folk medicine due to its medical features. It is very important to use in industry 

because of the dyestuffs made from leaves and flowers. It is used for antidepressant, antiseptic, 

anti-inflammatory, wound healing, stomach diseases and diabetes in traditional folk medicine in 

Turkey. Hypericum species contain many biologically active secondary metabolites, in particular 

naphthodianthrons, fluoroglucinols and phenolic compounds. It has been reported that hypericin 

is formed in calyculus, petals and stamens and has photodynamic, antiviral, antibacterial, 

antiretroviral, antipsoriatic, antidepressant and anti-tumor effects. Most pharmacological activities 

of Hypericum extracts were seen to be dependent on the content of hypericin and hyperforin 

(Ozcan, 2015). When the black granules are rubbed by hand, a red liquid emerges. The name of 

kan otu comes from this feature in Hypericum. This red liquid consists of a substance called 

hypericin and when the plant is consumed too much, it creates light sensitivity on lint and light 

skin surfaces (Çırak ve Kurt 2014). 

 

2. Material and Method 

 

Hypericum confertum subsp. stenobotrys and Hypericum venustum were gathered from a 

height of 1887 m during the field trip from Nurhak district of Kahramanmaras province in June 

2019. 

Aboveground parts of the plants were collected as study material during flowering periods 

and dried in the shade. The dried sample were milled and extracted with ether in Soxhlet Extraction 

apparatus for six hours (Nurbas and Bal, 2005). At the end of the time the ether was removed and 

the fixed oils of the species were taken into tubes. The envelope samples were dried at 70 ° C in 
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incubator and calculate by weighing % fat ratios. 5 g of plant samples were used for the fixed oil 

extraction process. The study was conducted in Kahramanmaraş Sütcü Imam University, Faculty 

of Agriculture, Department of Field Crops, Medical and Aromatic Plants Laboratory. Fixed oil 

components were determined in the ÜSKIM laboratory of Kahramanmaras Sütcü Imam 

University. 

The oil was analysed by GC using a Shimadzu GC-2025 system equipped with a FID 

detector, a capillary TR-CN100 column (60 m-0.20 mm) and nitrogen as the carrier gas. The oven 

temperature was kept at 80℃ for 2 min, programmed to 140℃ at a rate of 5℃/min and kept at 

140℃ for 2 min, then programmed to 240℃ at a rate of 3oC/min and kept at 240℃ for 5 min. The 

injector temperature is 240℃ and the detector temperature is 250℃. Helium was used as carrier 

gas and the flow rate was set to 30 ml/ min. The gas flows used were determined as H
2
=40 ml/min 

and dry air = 400 ml/min. 

 

 
Figure 1. Pictures of examined species in natural flora; A: H. venustum, B: H. confertum subsp. stenobotrys 

 

 

3. Results and Discussion 
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In this study, fixed oil ratio and fixed fatty acid components of two species belonging to 

genus Hypericum were determined. There were differences between the fatty acid percentages and 

the percentages of the components between the two Hypericum species examined. 

Hypericum confertum subsp. stenobotrys contains 17.64% fixed oil. When the components 

of this fixed oil are examined, it is seen that it contains 20 fatty acids and the main fatty acid is 

gamma-linolenic acid with 29.76%. This acid is followed by oleic acid (20.97%), palmitic acid 

(14.92%), linoleic acid (9.72%), behenic acid (7.63%), Stearic acid (3.60%) and Capric acid 

(2.37%) Table 1. 

Figure 2. The fixed fat acid peak values of Hypericum confertum subps. stenobotrys 

 

 
Table 1. The fixed fatty acid components of Hypericum confertum subsp. stenobotrys 

Compound 

No 

Retention 

Time 

(min) 

Name of Components Percentage 

(%) 

1 3.47 Butyric acid 0.49 

2 4.43 Caproic acid 0.42 

3 10.01 Capric acid 2.37 

4 11.55 Undecanoic acid 1.45 

5 17.83 Myristic acid 0.76 

6 21.01 Pentadecanoic acid 0.59 

7 22.04 Palmitic acid 14.92 

8 23.02 Palmiteloic acid 0.52 

9 25.39 Cis-10-Heptadecanoic acid 1.05 

10 26.36 Stearic acid 3.60 

11 27.30 Oleic acid 20.97 
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12 29.03 Linoleic acid 9.72 

13 31.08 gama-Linolenic acid 29.76 

14 31.77 Arachidic acid 0.42 

15 33.22 Heneicosanoic acid 0.91 

16 34.80 Cis-8,11,14-Eicosatrien acid 1.15 

17 35.16 Behenic acid 7.63 

18 39.08 Lignoceric acid 0.45 

19 41.44 Nervonic acid 1.07 

20 42.00 cis-4,7,10,13,16,19-Docosahexaenoic 

acid 

1.66 

 

 

Hypericum venustum contains 15.90% fixed oil. When the components of this fixed oil are 

examined, it is seen that it contains 21 fatty acids and the main fatty acid is gamma-linolenic acid 

with 42.16%. Gamma-linolenic acid is followed by behenic acid (17.33%), palmitic acid (11.20%), 

linoleic acid (7.48%) and oleic acid (4.37%) Table 2. 

 

 
Figure 3. The fixed fat acid peak values of Hypericum venestum 

 

 

 
Table 2. The fixed fatty acid components of Hypericum venustum 

Compound 

 No 

Retention  

Time 

(min) 

Name of Components Percentage 

(%) 

1 3.15 Butyric acid 0.56 

2 4.47 Caproic acid 0.39 

3 10.02 Capric acid 2.07 

4 11.55 Undecanoic acid 3.43 
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5 17.96 Myristic acid 0.58 

6 21.11 Cis-10-Pentadecanoic acid 0.25 

7 22.11 Palmitic acid 11.18 

8 23.06 Palmiteloic acid 0.67 

9 25.42 Cis-10-Heptadecanoic acid 0.41 

10 26.35 Stearic acid 3.00 

11 27.31 Oleic acid 4.37 

12 29.02 Linoleic acid 7.48 

13 31.07 gama-Linolenic acid 42.16 

14 31.76 Arachidic acid 1.89 

15 33.19 Heneicosanoic acid 0.84 

16 34.86 Cis-8,11,14-Eicosatrien acid 0.71 

17 35.12 Behenic acid 17.33 

18 38.51 cis-5.8.11.14.17-Eicosapentaenoic acid 0.85 

19 39.10 Lignoceric acid 0.62 

20 41.41 Nervonic acid 0.63 

21 42.03 cis-4,7,10,13,16,19-Docosahexaenoic 

acid 

0.47 

 

 

H. venustum had 17.33% behenic acid, while H. confertum subsp. stenobotrys is the amount 

of   behenic acid 7.63%. H. confertum subsp. stenobotrys oleic acid, palmitic acid and linoleic acid 

amount is higher than H. venustum Table 3. 

 

 

 

Table 3. The main fixed oils components of H. venustum and H. confertum subsp. stenobotrys   

Main components H. venustum (%) H. confertum subsp. stenobotrys (%) 

Fixed oil  15.90 17.64 

Linolenic acid 42.16 29.76 

Behenic acid 17.33 7.63 

Palmitic acid 11.20 14.92 

Linoleic acid  7.48 9.72 

Oleic acid 4.37 20.97 

 

In this study, we described the fatty acid compositions of H. confertum subsp. stenobotrys 

and H. venustum. These species were compared in terms of fixed fat amount H. confertum subsp. 

stenobotrys (17.64%) has higher fatty content than H. venustum (15.90%). The main fatty acid of 

both species is gamma-linolenic acid. The amount of this fatty acid varies greatly between varieties 

(H. confertum subsp. stenobotrys 29.76%, H. venustum 42.16%). It is seen that there are significant 
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differences between these two species in terms of fixed oil. It is observed that the ratio of gamma-

linolenic acid is especially high in H. venestum species Table 3.  Due to the high gamma-linolenic 

acid in H. venestum, the use of these species can be recommended. The overall fatty acid profiles 

of these plants are consistent with those generally observed in other Hypericum species. 

According to the studies, the major fatty acids and their ratios vary from species to species. 

Hosni et al. (2017), the main fatty acid oleic acid (23.27%) in H. perforatum, linoleic acid (37.62%) 

in H. perfoliatum, palmitic acid (20.67%) in H. tomentosum, linoleic acid (37.62%) in H. ericoides. 

Ozen ve Bashan (2003), the major components were alpha-linolenic (48.60%), linoleic (32.53%) 

and oleic (11.45%) acids in H. scabrum. Alpha-linolenic (29.84%), palmitic (27.90%) and oleic 

(16.49%) acids were present in H. scabroides and alpha linolenic (41.79%) and palmitic acids 

(32.28%) were determined in H. amblysepalum. According to Omarovam and Artamonovam, 

(1999), palmitic acid, α-linolenic acid and oleic acids were reported as the prominent fatty acids 

in H. perforatum, Ozen et al. (2004a), α-linolenic acid and palmitic acid were reported as the major 

compound of Turkish Hypericum lysimachioides var. lysimachioides, Ozen et al. (2004b), H. 

perforatum and H. retusum Aucher found that palmitic acid and linolenic acid were the majör 

components. 
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Abstract 

 

In this study, four different doses of lead heavy metal (PbCl2) were applied to Hungarian vetch 

(Vicia pannonica Crantz) seeds and their mitotic effects on germination, seedling growth and stem 

tip cells were investigated. Different concentrations of PbCl2 (0.00, 0.50, 0.25, 0.125, 0.0625 g/l) 

were used. The study was carried out in Kahramanmaras Sütçü Imam University, Faculty of 

Agriculture, Department of Field Crops, Laboratory of Medicinal and Aromatic Plants, at 

temperature of 20 oC. The experiment was established with randomized plot design with three 

replications. Observations were made every day at the same time and seeds with a root length 

exceeding 1 mm were considered germinated. Seeds were observed in the air conditioning cabinet 

for 14 days and then different characteristics such as percentage of germination, seedling length, 

root length, plumule length, seedling fresh and dry weight were examined. The differences 

between the averages of all investigated properties were significantly affected by the heavy metal 

concentrations applied. Mitotic observations showed that increasing heavy metal doses decreased 

mitotic index and increased chromosomal abnormality percentage. It was observed that it could 

cause mitotic abnormalities such as failure to collect in the metaphase plate, bridge in anaphase, 

bridge in metaphase and persistent chromosome in telophase. The lowest dose of PbCl2 (0.0625 

g/l) triggered germination compared to the control, while increasing heavy metal doses caused a 

decrease in all properties compared to the contro. 

 

Keywords: Heavy metal, germination, mitosis, lead chloride, Mitotic index 
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1.Introduction 

 

Pollution of the biosphere by heavy metals began with the industrial revolution. (Memon 

and Schröder, 2009). The most common heavy metals in nature are cadmium (Cd), chromium (Cr), 

copper (Cu), mercury (Hg), lead (Pb), nickel (Ni) and zinc (Zn) (Jadia and Fulekar, 2008). The 

paths of lead to the soil and atmosphere include fumes from the chimneys of industrial 

establishments and the exhausts of vehicles, batteries, paints, electricity and petroleum industries 

and pesticides (Saygıdeğer, 1995; Kalinowska, 1984, Mark and Hendershot., 1997; Aksoy, 1995). 

Seed germination is one of the most important stages in the life cycle of a plant and is highly 

sensitive to the current environment (Kuriakose ve Prasad 2008). For this reason, seed germination 

and root elongation studies are considered as one of the easiest methods for biological monitoring 

of changes in the environment (Wang ve Keturi 1990, Wang ve Williams 1990). In addition to 

seed germination, mitotic division in the stem end cells and the corresponding mitotic index reflect 

the frequency of cell division and is used as an important parameter in determining the rate of root 

growth. In this study, the effects of lead, which is one of the heavy metals, on seed germination 

parameters and mitotic index were investigated in stem tip meristem cells of Hungarian vetch. 

 
2. Materials and Methods 

 

 The research was carried out in February 2017 at Kahramanmaras Sutcu Imam University, 

Faculty of Agriculture, Field Crops Department, Medical Plants Laboratory.  

 

2.1. Determination of the effect of lead chloride on seed germination 

 

Lead heavy metal was obtained from the commercial company. Pre-germination was made 

in determining the doses and the maximum dose was determined accordingly 0.5 g/l. Then this dose 

was diluted to 50% and sub-doses were formed. The study was established according to completely 

randomized design with 3 replications. The base of each Petri dish (110 mm) is covered with two 

layers of Whatman filter paper. Then 10 ml of the solutions were taken and the drying papers were 

wetted and 25 seeds were planted. Seeds placed in Petri dishes were allowed to germinate for 10 

days in an incubator with a temperature of 24 ± 1℃. The germination rate, radicle length, plumule 
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length, seedling length, seedling fresh weight, seedling dry weight and vigor index values were 

measured (Abdul-Baki ve Anderson 1973). Seed germination was divided into total number of 

seeds and then multiplied to 100 and the germination rate was found (Maquire 1962). The radicle 

and plumule lengths were measured separately with the help of the ruler and then both were 

collected and the seedling length was calculated. Radicle and plumule were weighed freshly and 

the fresh weight of the seedling was measured and then it was kept at 78℃ for 24 hours and the 

seedlings were weighed dry again. 

 

2.2. Determination of mitotic effect of lead chloride on stem meristem cells 

 

For mitotic analysis; 10 germinated seeds with a root length of 2 mm were taken and fixed 

in the acetic acid (1:3) in refrigerator for 24 hours. After fixation, they were stored in 70% alcohol. 

In order to examine the mitotic activities in root tip cells, the root tips were hydrolysed in 1N HCl 

acid. The root tips is painted one hour with Feulgen in the dark (Elci and Sancak, 2013). At the end 

of the dyeing process, at least five slide of these root tips were prepared and mitotic stages were 

examined and the phases of the cells counted under the microscope were taken. 

 

Statistical Analysis 

 

 The data in the study were subjected to variance analysis using SAS 9.3 statistical program 

(SAS 9.3, 2013). The averages were compared according to the LSD test (Steel and Torrie, 1980). 

 

 3. Results and Discussion 

 

The effects of different lead chloride concentrations on germination and seedling growth of 

Hungarian vetch seeds are given in Tables 1 and 2. 
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3.1. Germination rate (%) 

 

The average germination rate of Hungarian vetch seeds germinated by applying different 

heavy metal concentrations is given in Table 1. According to Table 1, the effect of heavy metal 

doses on germination rate is statistically significant. The lowest germination rate (53.53%) was 

seen in 0.5 g/l application. Although the remaining four doses were statistically in the same group, 

the highest germination rate (94.95%) was observed in 0.0625 g/l dose as numerical value. 

According to these datas, low-doses applications are thought to promote germination. According 

to Kıran and Sahin (2005) while 0.125 and 0.250 mM concentrations of lead chloride did not affect 

germination of lentil seeds, 0.500 mM concentration reduced the germination rate by 2.5% and 

1,000 mM concentration reduced the germination rate by 10%. According to result from Cokkizgin 

and Cokkizgin (2010)  , considerably decrease was observed in germination percentage, depending 

on level of lead concentration in all lines which used. The highest germination percentage was 

obtained from control (98.5%), whereas the lowest was obtained from 4.5 mM PbCl2 solution 

(32.8%). 

 

Table 1. The effect of lead clorid on germination rate, radicle length, plumula length, seedling 

length,  radicle fresh weight, plumule fresh weight of Vicia pannonica seeds 
 

 

 

 

 

PbCl2 

Doses 

(g/l) 

GR 

(%) 

RL 

(cm) 

PL 

(cm) 

SL 

(cm) 

RFW 

(g) 

PFW 

(g) 

 ** ** ** ** ** ** 

Kontrol 90.91 a 5.55 a 14.35 a 19.90 a 0.045 a 0.106 a 

0.5 53.53 b 0.43 d 1.81 d 2.24 d 0.006 d 0.017 d 

0.25 84.85 a 0.68 d 4.83 c 5.52 c 0.010 cd 0.042 c 

0.125 90.91 a 1.21 c 8.09 b 9.30 b 0.017 cb 0.066 b 

0.0625 94.95 a 1.82 b 7.87 b 9.70 b 0.021 b 0.059 b 

Mean 83.03 1.94 7.39 9.33 0.02 0.05 

LSD 15.85 0.50 1.48 1.55 0.008 0.01 

CV (%) 10.13 13.74 10.67 8.84 23.10 12.96 

**Significant at P<0.01; GR: Germination Rate; RL: Radicle length; PL: Plumula Length; SL: Seedling 

length; RFW: Radicle fresh weight; PFW: Plumule fresh weight. 

 

 

3.2. Radicle Length (cm) 

 

In this study, while the highest radicle length (5.55 cm) were obtained in control 

application. However, with increase in concentration of heavy metal a decrease in radicle length 

was noted. The shortest radicle length were recorded in  0.5 g/l and 0.25 g/l doses, applied to vetch 
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seeds (Table 1). According to Table 1, the effect of heavy metal doses on radicle lenght is 

statistically significant. Our findings are similar to Cokkizgin and Cokkizgin (2010)  . 

 

3.3. Plumule Length (cm) 

 

The average plumule length of Hungarian vetch seeds germinated by applying different 

heavy metal concentrations is given in Table 1. According to Table 1, the effect of heavy metal 

doses on plumule length is statistically significant. The lowest plumule length (1.81 cm) was seen 

in 0.5 g/l application while the highest plumule length (14.35 cm) were obtained in control 

application (Table 1). 

 

3.4. Seedling Length (cm) 

 

The average seedling length of Hungarian vetch seeds germinated by applying different 

heavy metal concentrations is given in Table 1. According to Table 1, the effect of heavy metal 

doses on seedling length is statistically significant. The lowest seedling length (2.24 cm) was seen 

in 0.5 g/l application, while the highest seedling length (19.90 cm) was obtained in control 

application (Table 1). 

 

3.5. Radicle Fresh Weight (g) 

 

The highest radicle fresh weight (0.045 g) were obtained in control application. However, 

with increase in concentration of heavy metal a decrease in radicle fresh weight was noted. The 

least radicle fresh weight were recorded (0.006 g)  in 0.5 g/l doses, applied to vetch seeds (Table 

1). The effect of heavy metal doses on radicle fresh weight is statistically significant. 

 

3.6. Plumule Fresh Weight (g) 

 

The average plumule fresh weight of Hungarian vetch seeds germinated by applying 

different heavy metal concentrations is given in Table 1. The effect of heavy metal doses on 

plumule fresh weight is statistically significant. The least plumule fresh weight (0.017 g) was seen 
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in 0.5 g/l application, while the highest plumule fresh weight (0.106 g) were obtained in control 

application (Table 1). 

 

Table 2. The effect of leadclorid on seedling fresh weight, radicle dry weight, plumule dry weight, 

seedling dry weight and vigour Index of Vicia pannonica seeds 

 

 

 

 

 

PbCl2 

Doses 

(g/l) 

SFW 

(g) 

RDW 

(g) 

PDW 

(g) 

SDW 

(g) 

VI 

 ** ** ** ** ** 

Kontrol 0.151 a 0.0038 a 0.0075 a 0.0113 a 1808.96 a 

0.5 0.024 d 0.0008 c 0.0014 d 0.0022 d 123.65 d 

0.25 0.053 c 0.0014 c 0.0034 c 0.0048 c 471.43 c 

0.125 0.083 b 0.0022 b 0.0052 b 0.0074 b 846.69 b 

0.0625 0.081 b 0.0024 b 0.0046 b 0.0071 b 920.61 b 

Mean 0.07 0.002 0.004 0.006 834.26 

LSD 0.01 0.0007 0.001 0.001 184.94 

CV (%) 12.01 16.91 12.94 11.69 11.77 

**Significant at P<0.01; SFW: Seedling Fresh Weight; RDW: Radicle Dry Weight; PDW: Plumule 

Dry Weight; SDW: Seedling Dry Weight; VI: Vigour Index. 

 

 

3.7. Seedling Fresh Weight (g) 

 

The highest seedling fresh weight (0.151 g) were obtained in control application. However, 

with increase in concentration of heavy metal a decrease in seedling fresh weight was noted. The 

least seedling fresh weight were recorded (0.024 g)  in 0.5 g/l doses, applied to vetch seeds (Table 

2). The effect of heavy metal doses on seedling fresh weight is statistically significant. 

 

3.8. Radicle Dry Weight (g) 

 

The highest radicle dry weight (0.0081 g) were obtained in control application. However, 

with increase in concentration of heavy metal a decrease in radicle dry weight was noted. The least 

radicle dry weight were recorded (0.0008 g)  in 0.5 g/l doses, applied to vetch seeds (Table 2). The 

effect of heavy metal doses on radicle dry weight is statistically significant. 

 

3.9. Plumule Dry Weight (g) 
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The highest plumule dry weight (0.0075 g) were obtained in control application. However, 

with increase in concentration of heavy metal a decrease in plumule dry weight was noted. The 

least plumule dry weight were recorded (0.0014 g)  in 0.5 g/l doses, applied to vetch seeds (Table 

2). The effect of heavy metal doses on plumule dry weight is statistically significant. 

 

3.10. Seedling Dry Weight (g) 

 

The average seedling dry weight of Hungarian vetch seeds germinated by applying 

different heavy metal concentrations is given in Table 2. The effect of heavy metal doses on 

seedling dry weight is statistically significant. The least seedling dry weight (0.0022 g) was seen 

in 0.5 g/l application, while the highest seedling dry weight (0.0113 g) were obtained in control 

application (Table 2). 

 

3.11. Vigour Index  

 

The average vigour index of Hungarian vetch seeds germinated by applying different heavy 

metal concentrations is given in Table 2. The effect of heavy metal doses on vigour index is 

statistically significant. The least vigour index (123.65 g) was seen in 0.5 g/l application, while the 

highest vigour index (1808.96 g) were obtained in control application (Table 2). Similar results 

were observed by Cokkizgin and Cokkizgin  (2005), The highest vigour index was obtained from 

the control (1027.4), whereas the lowest was obtained from 4.5 mM PbCl2 solution (175.4). 

 

 
Table 3. Effects of lead chloride (PbCl2) on mitotic behaviour of Vicia pannonica stem tip 

 meristem cells  

Doses (g/l) Control 0.0625 0.125 0.250 0.50 

The Number of Counted Cells 3000 3000 3000 3000 3000 

Mitotic Index (%) 5.03 5.20 4.53 4.43 3.80 

Chromosome Abnormalities (%) 7.28 16.66 8.08 9.02 11.40 

Number of Normal Divided Cells 140 130 125 121 101 

Laggard Chromosome in Metaphase  1 5 6 3 1 

Bridge at Anaphase 9 18 5 9 7 

Bridge at Telophase - 3 - - - 

Laggard Chromosome in Telophase 1 - - - 5 
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Mitotic index is reflects to cell division frequency and used to determine the root growth 

ratio as significant parameter. Table 3 shows that mitotic index was decreased with inrease of lead 

concentration. 3000 cells were counted for each dose from preparations made from germinated 

root tips. In control application, 151 divisions were observed in these cells and distribution of the 

abnormalities at phases in this concentration were showed that there were laggard chromosome in 

metaphase 1 cell, bridge at anaphase in 9 cells and laggard chromosome in telophase 1 cell (Table 

3; Figure 2-4 ). In 0.0625 g/l solution, 156 divisions were observed in these cells and distribution 

of the abnormalities at phases in this concentration were showed that there were laggard 

chromosome in metaphase 5 cells, bridge at anaphase in 18 cells and telophase bridge 3 cells 

(Table 3; Figure1-4 ). In 0.125 g/l solution, 136 divisions were observed in these cells and 

distribution of the abnormalities at phases in this concentration were showed that there were 

laggard chromosome in metaphase 6 cells and bridge at anaphase in 5 cells (Table 3; Figure 3,4). 

In 0.250 g/l solution, 133 divisions were observed in these cells and distribution of the 

abnormalities at phases in this concentration were showed that there were laggard chromosome in 

metaphase 3 cells and bridge at anaphase in 9 cells (Table 3; Figure 3,4). In 0.5 g/l solution, 114 

divisions were observed in these cells and distribution of the abnormalities at phases in this 

concentration were showed that there were laggard chromosome in metaphase 1 cells, bridge at 

anaphase in 7 cells and laggard chromosome in telophase 5 cells (Table 3; Figure2-4). 
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Figure 1. Bridge at telophase 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 2. Laggard chromosome in telophase and bringe 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 3. Laggard chromosome in metaphase 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

  

 

 

 

 

 

 

 

 

 

 

Figure 4. Bridge at anaphase 

 

As stated in Kıran and Sahin (2005),  the lead of the plant is known to cause mitotic division 

frequency and chromosomal abnormalities in the meristematic cells. (Liu et al. 1994; Lerda, 1992; 

Lane et al. 1978; Levan, 1945; Wierzbicka, 1988). Mitotic index was decreased with inrease of 

lead concentration and also root growth was effected negatively. Division was seen in 26.2% of 

500 cells belong to root tips applied with PbCl2 (0.125 mM) for 24 h. Distribution of the 

abnormalities at phases in this concentration were showed that there were lagging chromosome in 

3 cells, multipolar anaphase in 2 cells,  c-mitosis in 8 cells and bridge in 5 cells (Kıran and Sahin, 

2005). According to Yücel et al. (2008) lead chloride was found to be inhibited by cell division. It 

caused chromosomal changes and normal cell division was affected. Mitotic index decreased with 

increasing lead concentration. 

According to the results of this study; increased heavy metal doses have a negative effect 

on seed germination parameters. Although low concentrations promote germination rate, it 

adversely affects seedling growth. It seen that the increasing heavy metal doses increase 

chromosomal abnormalities while decrease mitotic index. The lowest concentration (0.0625 g/l) 

triggered the germination rate and caused an increase in the mitotic index. However, the percentage 

of chromosomal abnormality of this dose is far above the percentage of control dose abnormality. 
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According to this result, low heavy metal concentrations increases mitotic abnormality besides 

germination rate. As a result of these deformations in the mitotic cycle, plant growth either stops 

or slows down too much. 
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Abstract 

 

In order to prevent forest fires or to reduce the damages caused by forest fire is a vital role in 

sustainable environmental management. Preventing or reducing damages forest fires can be 

reached effective fire management in forest area. Forest fire management has some components 

such as forest and fire lookout towers, water supplies, forest roads, fire fighters, air fire fighter 

teams etc. Air fire fighter teams such as planes and helicopters used to fight forest fires, they can 

quickly reach to the scene and start to fight fire in a short time even though not accessible or 

difficult to access areas. Helicopters increase the efficiency of firefighting by using pools and water 

sources located in various places in sea, lake, pond and forest areas for water supply in 

extinguishing forest fires.  In this study, the efficiency of helicopters used in firefighting in forest 

area was investigated using GIS in the Vezirköprü Forest Management Directorate responsibility 

area. Buffer analysis was used to determine coverage area of helicopters teams, considering the 

critical response time.  It was observed that air fire fighter teams have an important role fighting 

in forest fire and sustainable fire management in forest area. 

 

Keywords: Forest Fires, firefighting, helicopter, GIS, buffer analysis 
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1. Introduction 

Forest fires are an indispensable part of the system in fire-dependent ecosystems and create 

many negative effects on the continuity of forests and ecological balance (Rowe and Scotter, 1973; 

Van Wagner, 1978; Bilgili et al., 2001; Moreira et al., 2009). Fires can have an impact on 

accelerating global climate change (Stocks et al., 1998), air pollution (Ferrare et al., 1990) and 

carbon release to the atmosphere (Zhang et al., 2003) and causing losses in forest products and 

services (Anderson et al. Garcia-Ruiz et al., 2013). Forest fires affect approximately 350 million 

hectares of land every year in the world, causing material losses and loss of lives. In particular, the 

emergence of forest fires in the Mediterranean climate to be effective with optimal conditions 

Turkey, it is under constant threat of this disaster (Fireline, 1987). 

Forest fires is depend on many reasons (lightning, intent, negligence, carelessness and 

reburn) and they are unpredictable to prevent the escape of the fire is unknown will begin and be 

protective and preventive measures to reduce the number of fires occurring (OGM, 2016). 

However, Turkey's mountainous, rugged terrain, makes it difficult to intervene from the ground to 

the fire. 

 Many equipment and vehicles are used in forest fires. Helicopters are used in various stages 

of the fight against forest fires such as surveillance, transportation of personnel to fire scene, 

throwing water and chemicals into fire, laying fire hose, and transportation of fire vehicles and 

equipment. 

The helicopter team is one of the most effective response team to control fires and reduce 

the extent of damage in areas where fire sensitivity is high. Air support teams, such as helicopters, 

are able to intervene effectively by reaching forest fires that occur in areas that are not accessible 

or cedifficult to access and which are sensitive to fire (OGM, 2016). Sea, lake, pond, water 

collection pit, pool and dams cab be used water sources for helicopters,  according to the engine 

power of helicopters they can carry average 4500 - 6000 liters of water during a flight. 

This scope of study; the efficiency of the helicopters used to intervene in the fires from a 

water supply points for the service was examined using buffer analysis which is one of the 

proximity analysis types considering the critical response time. The forest areas that can be reached 

by this analysis were determined and the efficiency of the intervention by helicopter was examined. 

 

2. Material and Method 
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2.1. Material 

The study area is located within the borders of Vezirköprü Forest Management Directorate 

of Amasya Forest Regional Directorate in the Central Black Sea Region (Figure.1). Vezirköprü 

Forest Management Directorate carries out its activities to cover Havza, Ladik and Vezirköprü 

districts of Samsun. 

 

Figure 1. Study Area, Vezirköprü Forest Management Directorate 

 

Vezirköprü Forest Management Directorate consists of 12 forest management chiefs and 

143,405 ha of which is forest area and total area is 299,281 ha. Within the borders of the 

Directorate of Operation, there are natural and artificial water resources that provide water and 

chemical supplies to helicopters for use in forest fires extinguishing works. In order to provide 

these services; There are 2 runway areas where landing and take-off of helicopters used by OGM 

and 23 water supply places, including lakes, ponds, dams, pools and water collection pits (Figure 

2). 
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Figure 2. Vezirköprü Forest Management Directorate Water Supply Places and Helicopter 

Landing 

 

 

 

 

2.2. Method 

The efficiency of the helicopters used in the air response to fires from the water supply points 

in the field of Vezirköprü Forest Management Directorate was examined with the buffer analysis 

of the proximity analysis types considering the critical response time. The critical response time 

for helicopters is determined by the capacity “to serve by carrying 10 times an hour from the water 

supply to the burning area” (OGM, 2016). In this case, it is understood that the service time of the 

helicopters for a transport to the burning area takes 6 minutes. Transport time consists of 

transportation (going and return) in 5 minutes and 1 minute of deceleration, descending and filling 

times. In this study, the efficiency of the helicopters was measured by considering the arrival time 

as the response time to the burning areas from the water supply points. It was calculated that the 

helicopter could intervene effectively at r = 4.16 km with an average flight speed of 100 km/h and 

a response time of 2.5 minutes. The response areas of the helicopter that can be reached within the 

calculated radii and the inclusiveness of past fires have been examined (Figure 3) 
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Figure 3.  Water Supply Places of r = 4.16 km Coverage Area  

. 

According to the r=4.16 km intervention area they cover 29,224 ha of area, within the scope 

of aerial fighting against forest fires of pools which are fire fighting facilities within the borders of 

Vezirköprü Forest Management Directorate. According to the r=4.16 km intervention area they 

cover 160,383 ha of area, within the scope of aerial fighting against forest fires from natural water 

resources are fire fighting facilities within the borders of Vezirköprü Forest Management 

Directorate. The total intervention area for r=4.16 km was  calculated as 189,608 ha. The generated 

intervention zone area constitutes 63.3% of the total area proportionally. 

70 forest fires recorded between 2011-2018; It was calculated that 48 forest fires could be 

intervened within the scope of air intervention with the intervention area established as r = 4.16 

km. It was determined to constitute 68.5% of all fires proportionally (Figure 4). 
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Figure 4. r = 4.16 km coverage area for the fires occurred between 2011-2018  

 

3. Results and Discussion 

 

In this study, a GIS-based decision support system was developed by using proximity 

analysis to determine the efficiency of the helicopters used in airborne response to fires from the 

water supply points. Within the scope of the study, the efficiency of 23 artificial and natural water 

resources were examined according to critical intervention areas. Total intervention area with 

r=4.16 km radius with the scope of air combat within the borders of Vezirköprü Forest 

Management Directorate; 189.608 ha. It was determined that the intervention area area constitutes 

63.3% of the total area. 

Success in controlling forest fires depends on the time chosen between the start of the fire 

and the response. Usually, interventions performed within the first 20 minutes were successful. 

For this reason, airborne intervention is very important in forest fires and enables to intervene by 

reaching the fire as soon as possible. Although water or fire retardants are thrown from the air, the 

discarded material should be supported by the intervention of ground crews and they should 

continue their extinguishing works. 

An out of control forest fire has incredible destructive power. It is only possible to stop such 

fires before they become uncontrollable, in combination with aircraft and ground crews. Rapidly 

reaching aircraft, fire retarders with water can be mixed in the air thanks to the possibility of mixing 
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them in the water from the nearest water source, thanks to these retarders, reducing the rate of 

progress of fire and other vehicles until the arrival of ground crews. Thus; Giménez et al. (2004) 

also showed that long-term forest fire retardants reduce the spread and ignition of fire. 
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Abstract 

 

The need for energy is a major problem in the world today. Our world is average; 33.1 % oil, 30.3 

% coal, 23.7 % natural gas and 5 % nuclear energy. Renewable energy sources constitute about 8 

% of the world's energy resources. The depleted natural energy resources have led the world in 

search of a new energy. This energy requirement includes biogas, which replaces the natural gas 

that is being exhausted and which is in the status of renewable energy. Biogas can be produced 

from organic materials by anaerobic fermentation method. Methane gas in biogas content is 

flammable. In this study, detailed information will be given about current studies with the effect 

of loading rate on reactor, ammonia, volatile fatty acids, pH and alkanite, pressure, mixing ratio, 

temperature and C/N ratio among parameters affecting biogas production. 

 

Keywords: biogas, methane, anaerobic fermentation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

1. Introduction 

 

Biogas content is approximately 50 - 80% methane (CH4), 20-50% carbon dioxide (CO2), 0.1-1 % 

nitrogen (N2), 0.01-0.2% oxygen (O2) and 10- 4000 ppm hydrogen sulphide (H2S). The 

flammability of biogas is due to methane, which replaces natural gas. Unlike other combustible 

gases, biogas is obtained only from organic waste such as animal or vegetable. The methane gas it 

contains is the main substance that forms the thermal value of the biogas. Methane causes 23 times 

more greenhouse effect in nature than CO2. In this respect, obtaining biogas from animal, plant 

and industrial wastes has an environmental approach as well as economic return. The amount of 

heat provided by 1 m3 of biogas is 4700 - 5700 kcal. This value is equivalent to 0.62 liters of gas 

oil, 1.46 kg charcoal, 3.47 kg wood, 0.43 kg butane gas, 12.3 kg dung, 4.70 kWh electrical energy. 

The amount of fuel equivalent to 1 m3 of biogas is 0.66 liters of diesel, 0.75 liters of gasoline is 

equivalent to the energy supplied by 0.25 m3 of propane. Biogas, which has almost the same usage 

areas as natural gas, is used for direct heating and lighting as a versatile energy source, and it can 

also be converted into electrical energy and mechanical energy (gas turbine-generator, 

cogeneration, fuel cells). If this gas is compressed, it can be used as fuel in motor vehicles as 

compressed natural gas (CNG). In addition, it can be used for various purposes in by-products 

resulting from biogas production. The resulting by-product can be used directly as fertilizer [5]. 

 

1.1. Factors Affecting Biogas Production 

As in all chemical and biological processes, in anaerobic processes, environmental conditions 

affect the formation of methane. These; loading ratio effect, temperature effect, mixing effect, 

waiting time effect, C/N ratio effect, fattening medium effect, pH effect, alkanite effect and toxic 

substance effect. 

1.1.1. C/N ratio 

It was emphasized that the optimum C/N ratio in biogas production should be between 10-23 and 

25-30 according to some sources [6,7]. In anaerobic processes, nitrogen meets the protein and 

carbon which is necessary for the growth of microorganisms that cause degradation in the process 

of decay. If the C/N ratio of the substrate to be produced exceeds 30, the process slows down and 

requires more time to complete production. Thus, the efficiency of production is reduced. If the 
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C/N ratio of the slurry remains below 10, ammonia is formed this time, which adversely affects 

the functioning of the microorganisms. It also causes a bad smell. As the microorganism activity 

slows down, the production yield decreases again [8,9]. 

 

Less fresh amounts of nitrogen are present in fresh manure from ruminants such as cows. This is 

because bacteria use a portion of the nitrogen during digestion. Therefore, C/N ratio may be higher 

than some wastes [10]. In order to adjust the C/N ratios to the desired value, it must be mixed with 

different feed materials. For example, a mixture of chicken manure with C/N ratio of 5-14 and 

straw mixture with C/N ratio of 50-80 can be a good feed [11]. Similarly, plant organic wastes 

with a value of C/N ratio of 100 in plant wastes can be reduced to 20 in a week by composting 

[12].  

1.1.2. Temperature 

In the anaerobic fermentation stage, the temperature range is between 3 °C and 70 °C is acceptable 

[13]. Methane bacteria that can survive above 85 ° C have been identified in some sources [14]. 

With the decrease of temperature, it affects methane formation more than acidification formation. 

As the temperature increases, fermentation is shortened [15]. There are 3 different temperature 

zones according to the biological structure of microorganisms in anaerobic processes [16]. These 

temperature zones are;  

1. Psychophilic conditions (3 - 20 ºC): In these systems, the decay rate is very slow and the 

average residence time is between 100 - 300 days. 

2. Mesophilic conditions (20 - 40 ºC): Anaerobic fermentation is the most applied  

temperature zone. The residence times range from 20 to 40 days. 

3. Thermophilic conditions (40 - 70 ºC): The digestion rate is higher and therefore the 

residence times are shorter. 

 

Studies in the psychophilic temperature zone are relatively low in terms of low productivity and 

long anaerobic fermentation time. However, some studies have shown successful results at low 

loading speeds. For example, the organic loading rate for the mesophilic zone is 1-3 kgVS / m3-

reactor. This rate is 0.01-0.24 kg UK / m3-reactor. In addition, the rate of CA of nutrients in 

psychrophilic fermentation is less than 5% [17]. At the same time, methane content in biogas is 
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low at higher temperatures [18]. However, biogas production below 9-15 ºC is negligible [19]. The 

optimum temperature in the mesophilic region is 35-37 ºC. In the months when the air temperature 

is low, increasing the reactor temperature from 35 ºC to 38 ºC can lead to more consumption than 

the amount of biogas increasing with temperature rise [20]. Mesophilic region is generally 

preferred in biogas production processes. The yield in the thermophilic region is higher but more 

costly. In some studies, it is stated that thermophilic reactors are less efficient than mesophilic 

reactors because of free ammonia inhibition, or that thermophilic reactors are not preferred because 

of high energy inputs [21]. In biogas production processes a break occurs between 42 - 50 ° C. 

Neither thermopholic nor mesopholic bacteria can show activity at these temperatures [22]. When 

the production of cattle manure exceeds 60 °C, it has been found that gas production slows down 

and even stops from time to time [23]. In some studies, the yield taken at 50 °C was more than 60 

°C. This is explained by the increase in the amount of ammonia at high temperature [24]. 

 

The large temperature difference is toxic in anaerobic fermentation processes [25]. Methanogens 

are highly affected by sudden temperature differences. If daily temperature changes are greater 

than 5 ºC, methanogens stop their activity and pH decreases as acidification continues [26]. The 

permissible hourly temperature fluctuation for anaerobic fermentation under mesophilic 

conditions is ± 1 °C [22]. However, when the effect of temperature fluctuations on bacteria is not 

long, the system can return to equilibrium when returning to working temperature [27]. Elevated 

temperature increases the activity of enzymes but disrupts their structure. Temperature changes of 

3 ºC in thermophilic reactors cause the system to slow down. The maximum permissible 

temperature change per hour should be considered as 0.5 ºC [22]. For this reason, more precise 

control methods should be preferred in thermophilic conditions for temperature control. In this 

case, the initial investment increases the cost. It was concluded that the short-term temperature 

fluctuations occurring upwards in thermophilic conditions had more effect than the downward 

temperature fluctuations. In a study where the reactor temperature was 50 ºC, it was reported that 

there was a 12% decrease in biogas production at a daily temperature fluctuation of 10 ºC [28].  

 

 

1.1.3. Hydraulic retention time (HRT) 
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In the bioreactor, the time required to produce biogas as a result of decomposition of organic 

substances by anaerobic bacteria is called the hydraulic retention time. During this period, it is 

assumed that organic materials react by 70-80% and decompose anaerobically. In anaerobic 

processes, the hydraulic residence time may vary from 20 to 120 days depending on the operating 

temperature. In tropical regions, HRT varies between 40 and 50 days. In continuous feed systems, 

the duration of HRT can be selected longer. The reduction of HRT varies depending on the material 

to be refuted. If HRT is not sufficient, the bacteria move away from the bioreactor faster and the 

volatile fatty acid concentration increases. This leads to a decrease in biogas production efficiency. 

Fermentation does not take place completely. This problem rarely occurs in agricultural biogas 

plants [29].  

 

1.1.4. Organic loading rate (OYH) 

 

The rate of organic loading is expressed as the amount of organic matter fed to the reactor per 

cubic meter per day. In anaerobic processes, methanogens are very sensitive to organic loading 

rate. The rate of organic loading is calculated by the ratio of the amount of daily substance loaded 

to the bioreactor to the volume of the bioreactor. The dry matter ratio of organic nutrition is 

calculated by multiplying the dry matter ratio by the amount of daily nutrients. Optimum OYH for 

cattle manure in a bioreactor operating under mesophilic conditions 2.5 – 3.5 kg UK / m3. 5.0-7.0 

kg UK / m3.day for cattle manure with additional nutrients and 3.0 - 3.5 kg UK / m3.day for pig 

manure. Optimum organic loading rate should be maintained during anaerobic treatment if 

possible. When the organic loading rate is high, volatile fatty acid accumulation occurs in the 

fermentor and the pH decreases. The decrease in pH negatively affects the activities of 

methanogenic bacteria. This reduces or stops the gas production rate. Similarly, when the organic 

feed rate decreases, the gas production rate decreases [29]. If the loading rate is high, the pH of 

the medium decreases and inhibition occurs in the reactor. The reason for this is that acid bacteria 

become dominant as a result of inadequate removal of H2 gas by methanogens and volatile organic 

acid production increases and acid accumulation occurs. This leads to disruption of the system. In 

order to prevent this situation, it is necessary to increase the loading rate gradually [30].  
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If the solids content is low, precipitation of the solid in the material occurs. If this ratio is higher 

than necessary, gas output is prevented . The fact that the fed organic material has between 8-13% 

TS (total solid) is suitable for biogas production. In case of excessive use of water when collecting 

animal wastes, TK ratio can be reduced to 2-5%. This reduces system efficiency as more energy 

is needed to heat water . Total solids content is up to 22-25 % in high solids systems where animal 

wastes are used. In such processes, the residence time is generally 30 days [48]. In high solids, 

inhibition occurs due to the accumulation of VFA (volatile fat acid). When feed material close to 

this moisture content is used, the resulting process is called dry fermentation [9].  

1.1.5. Mixing effect 

Bioreactors are also important in terms of mixing, removal of biogas from the reactor, more 

proportional distribution of bacteria, preventing formation of foam and precipitation, and 

homogeneous temperature distribution. If there is no mixer in biogas reactors, stagnant zones may 

occur. With good mixing, biogas production can increase by 50% . It has been found that mixing 

once a day does not affect gas yield sufficiently compared to continuous mixing. In case of 

excessive mixing, the contact between anaerobic bacteria disappears and system efficiency 

decreases. A previous study concluded that the optimal mixing ratio is every 4 hours [31]. Mixing 

is not recommended as it reduces the pH at the start of the system. In anaerobic experiments with 

a dry matter content of 5%, there is no significant difference in yield between bioreactors with and 

without agitators . However, the yield of anaerobic fermentation by mixing can increase up to 30% 

in studies containing 10% or more dry matter [31]. It is also stated that mixing with biogas 

circulation on 15% dry matter is not enough [32].  

 

1.1.6. Pressure effect 

 

Pressure in the bioreactor can affect anaerobic bacteria and production efficiency. Previous studies 

have indicated that the absolute pressure range of 0.75-1.5 kPa in the bioreactor is suitable for 

biogas production [12]. However, some studies have been reported that methanogens at the bottom 

of the reactor can operate under high hydraulic pressure and production efficiency is not reduced. 

In another study, the gauge pressure in the biogas was determined as the limit value pressure of 

120 kPa . When the pressure increases, the concentration of CO2 in the liquid increases, which is 
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40 times more soluble than methane gas. Therefore, the methane content in the biogas increases 

and the pH decreases as acidity increases [33].  

 

1.1.7. pH and alkalinity effect 

 

Alkanite and pH significantly affect the rate of formation of biogas from the fermentor and the 

CO2 / CH4 ratio in the biogas. Alkanite is defined as the amount of acid required to make the pH 

of the mixture in the reactor. The high alkanite value is due to the high buffering power of the 

system. The decrease in alkanite value or the increase in the amount of CO2 in the gas is a scale 

indicating that the anaerobic process is disrupted before the pH decreases. For anaerobic 

fermentation, the range of 1000 - 5000 CaCO3 mg / L is sufficient for anaerobic digestion [30]. 

 

The pH range suitable for methanogens is 6.8-7.6 [59]. The decrease of pH below 6.6 significantly 

reduces methanogen activities. The decrease of pH to 6.2 creates a toxic effect. Acid production 

continues at this pH and yields continue until acid pH is 4.5 - 5.0 [15]. 

 

At the beginning of anaerobic fermentation, it was stated that the pH level decreased to 6. This is 

due to the acidification step. Subsequently, in the methanogenesis step, the pH level is increased 

in parallel with the increase of ammonia concentration and it is balanced between 7-7.5 [60]. In 

anaerobic systems, if the pH value falls below 7, lime or ash can be added to bring the pH to 

equilibrium. Because the accumulation of H2S in the environment may increase [10].  

 

1.1.8.  The effect of medium 

 

The most important nutrients in anaerobic fermentation process are nitrogen, carbon and 

phosphorus compounds. In addition, methanogens require copper, zinc, cobalt, nickel, iron, 

magnesium, calcium, potassium, sulfur compounds and vitamins. In animal wastes, the medium is 

suitable. However, in some plants produced from vegetable wastes or domestic wastes, additional 

medium may be needed [61]. Although hydrolytic bacteria are not affected much by the 

deficiencies of the nutrient medium, methanogenic bacteria can be affected even by a small 

nutrient deficiency [14]. 
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Anaerobic bacteria need 20% less nitrogen and phosphorus than aerobic bacteria. In anaerobic 

processes, the amount of carbon is usually replaced by the need for chemical oxygen (COD). 

Likewise, total organic carbon (TOC) can replace carbon content. For anaerobic processes, COD: 

N: P ratio is defined. This ratio should be 100: 2; 0.2. This ratio can be taken as 1000: 5: 1 for low 

efficiency and 350: 5: 1 for high efficiency [34].  

1.1.9. Ammonia concentration  

In anaerobic digestion, ammonia is produced during the hydrolysis stage. The formation of 

ammonia takes place by anaerobic digestion of nitrogenous compounds. Free ammonia is more 

toxic than ammonium. Therefore, it is necessary to evaluate the dissolved ammonia together with 

the dissolved ammonium. The concentrations of ammonia and ammonium ions vary depending on 

the formation of free ammonium and pH. If ammonia is added to the reactor, the pH increases and 

methanogens lose their activity. At the same time, VFAs are increasing. At high H + concentration, 

the equilibrium reaction in the following equation (1) shifts to the left. In this case, the 

concentration of ammonium increases. Equally, at low H + concentration, the equilibrium reaction 

shifts to the right and ammonia is formed. For example, when the pH is 8, there is about 93% 

dissolved ammonium in the medium and about 7% ammonia. If the C/N ratio falls below 10, 

ammonia poisoning occurs. 

  NH₄⁺↔ NH₃ + H +  [1] 

The excess amount of ammonia in the medium not only affects methanogens, but can also disrupt 

intracellular cationic balance. Ammonium - potassium balance in the cell is disrupted. If the 

ammonium concentration increases, the potassium concentration decreases. Therefore, trace 

elements such as Mg +2 and Ca +2 of similar character should be added to the reactor in such cases. 

Thus, in the case of nitrogenous compounds, the amount of free ammonia should be monitored 

[26]. 

Ammonia inhibition value in the literature starting from 100 mg/L to 1900 mg/L, although the 

system has been shown to adapt. One of the most common problems in anaerobic processes is that 

methanogens cannot be adapted to high ammonia concentrations. This can be overcome by 

gradually increasing the ammonia concentration [35]. 
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2. Conclusion  

In this study, various parameters affecting biogas production in bioreactor are listed. Optimization 

of these parameters is very important for yield of production conditions. Therefore, it is necessary 

to optimize each parameter. The parameters affecting biogas production vary according to the type 

of some organic wastes. Therefore it is necessary to optimize these parameters for different organic 

wastes. Therefore, in the literature, there is no general optimum parameter condition for the 

evaluation of all organic wastes in anaerobic digestion. 
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Abstract 

 

3D point coordinates determination is getting easier depend on technological developments. 3D 

point coordinates are calculated according to the coordinate system. Generally, the origin of 

coordinate system is taken as the point where the measuring instrument. All points should be 

determined the same reference coordinate systems, to use together the previous and next point 

clouds. Tis procedure is named as coordinate transformation or georeferencing. The coordinate 

transformation has two stage. The first stage is the determination of coordinate transformation 

parameters according to control points, the coordinates are known two coordinate system. Then, 

the second stage is the transforming all points according to these transformation parameters. The 

point clouds contain a lot of outliers inevitably. The outliers must be removed from measurement 

group to provide accurate and reliable results. The robust estimation is one of the methods for this 

process. In this study, firstly, 3D coordinate transformation method using the 3D point clouds and 

the robust estimation methods using determination of outliers have been described. Then, the 

application results have been obtained for using real application data. 

 

Keywords: Point clouds, Coordinate transformation, Robust estimation. 
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1. Introduction 

 

3D point coordinates (X, Y, Z) are easily obtained using laser scanner. These data, named as 

point clouds, are measured as scanner instrument centered.  A lot of point clouds obtained from 

different measurement points must be integrated for building the model. For this aim, all point 

clouds [1]. 

Generally, measurements number are bigger than unknown number to increase the reliability 

of problem. The measurement group contains erroneous measurements. These erroneous are 

classified as gross, systematic and random. Gross and systematic errors, values are bigger than the 

measurements, can be determined and removed the measurements group before the evaluation 

process. Also, the random errors distribution is suitable the normal distribution, thus these errors 

can be modelled after the evaluation process. But some errors, named as outlier, are not bigger 

than the measurement and not suitable normal distribution. The outlier measurements have 

different distribution [2]. These measurements must be determined and removed the measurements 

group to make the correct and reliable prediction. For this aim, the outlier detection process must 

be applied the measurements group. Some approaches have been used to determine the outlier 

measurements. The conventional method is commonly used in geodetic studies for many years, 

[3-4]. The alternative methods have been developed because some disadvantages of conventional 

method. One of the alternatives methods is robust estimation method. The robust estimation is an 

approximate parametric method which is not affected by the small changes in the distribution 

functions of the measurements and the gross errors. Although the term “robust” was first used by 

[5] in a study, its theory was then explained by [2] and developed for various cases [6-7]. There 

are many studies in which the outlier measurement analysis is made in geodetic networks by 

applying this method [8-19]. 

In this study, firstly 3D point clouds measurement had been described. Then, the 3D 

coordinate transformation model had been introduced to georeferenced the 3D points clouds. Then, 

the conventional and robust estimation method for outlier detection had been used. The numerical 

solution has been made to analyse these methods results deeply using real application data. 

 

2. Material and Method 

 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

The relation between geodetic coordinate system and laser scanner coordinates is shown in 

Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Scanned and geodetic coordinate system. 

 

There are several models to transform the point clouds. The independent model triangulation 

Method is often for this process. The geometrical relation is established between the scanned and 

geodetic coordinate systems using the control points. The model can be given follows, 

[
𝑋
𝑌
𝑍
] = 𝑅 [

𝑥
𝑦
𝑧
] + [

𝑋0

𝑌0

𝑍0

]          

  (1) 

Here; R, (X0, Y0, Z0), (x, y, z) and (X, Y, Z) are the transformation matrix, the translations 

of scanned coordinate system, the scanned and the geodetic control point coordinates, respectively. 

The equation (1) should be solved by using adjustment methods for increasing the transformation 

reliability. The solution details of method can be found in [1, 20].  

 

2.1. Outlier Detection Methods 
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In case the measurements group contains the outlier measurements, the outlier detection 

must be realized. There are some problems in the outlier detection process. The outlier 

measurements are the bad measurements in any case sometimes, these measurements could be 

very important for the measurement group. Thus, the remove all outlier measurements from the 

measurements group may not be the right solution. Two main approaches are used in determining 

the outlier measurements. The first approach includes taking the adjustment model as constant and 

determining the outlier measurements by comparing the test value with a critical value. This 

solution is named as the conventional method [3]. The second approach is changing the weights 

of the measurements (or stochastic model) in the iteratively adjustment process. This solution is 

named as the reweighted robust estimation solution [4, 21-23]. 

Conventional methods is a parametric method widely used in applicable sciences. This 

method is preferred to be easy to apply. In the adjustment process, it is accepted that the 

measurement group errors is in the normal distribution. If the measurements groups contain the 

outlier, the assumption would not be correct. In this case, the results of solution are affected the 

outlier. Also, the parametric model only gives information about the bounds. It does not provide 

information about the distance to the bound closeness. The conventional methods is used the 

hypothesis test procedure to determine outlier measurements. The details of methods can be found 

in [20]. In the conventional outlier detection, the measurements test values are calculated and these 

values is compared with the critical value of application. If there are test values bigger than the 

critical value, the measurement is accepted to be outlier and is removed from the measurement 

group. This proceeding is carried out until the all test values are under the critical value. Three 

different approaches are used in conventional solution methods given in Table 1 [3-4]. 

 

Table 1. Conventional Outlier Measurements Analysis Methods. 

Methods Data-Snooping  Tau-Test  t-Test 

Test Value 
𝑊𝑖 =

|𝑉𝑖|

𝜎0√𝑄𝑣𝑣

 𝑇𝑖 =
|𝑉𝑖|

𝑠0√𝑄𝑣𝑣

 𝑡𝑖 =
|𝑉𝑖|

𝑠01√𝑄𝑣𝑣

 

Test Distribution ~𝑁(0,1) ~𝜏𝑓,(1−𝛼0/2) ~𝑡𝑓−1,(1−𝛼0/2) 

Critical Value 𝑁(1−𝛼0/2) 𝜏𝑓,(1−𝛼0/2) 𝑡𝑓−1,(1−𝛼0/2) 
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Robust statistic can be used to determine outlier measurements. The measurements errors 

reflect in its correction and determination of the outliers get easier. Therefore, the corruptive effects 

of the measurement errors are decreased [2]. In the conventional methods, the statistical tests for 

determine the outliers are carried out using estimation results, which contain outlier measurements. 

In the robust estimation, the estimation results are obtained iteratively by reweighting the 

measurements. Thus, the outlier determination is more reliable using these results.  In the robust 

estimation, the effect function is obtained from the derivative of the aim function, the weight 

function is obtained from the derivative of the effect function. For robust estimation all of these 

function must be constant and their limits should be specific [14, 24]. The robust estimators can 

be classified as M-estimators or maximum likelihood estimators, L-estimators and R-estimators. 

M-estimators, which are developed by [2] provide the solution in accordance with minimization 

of the aim function. This solution is the least squares solution with iteratively reweighted. The 

solution details of robust estimation can be found in [25]. 

Several methods have been used to obtain iteratively measurement weight function. The 

most used methods are given in Table 2 [17, 26-29].  

 

 

Table 2. Weight Functions in the Robust Estimation Method.  

Methods  Critical 

Value  

Weight 

Function  

Methods  Critical 

Value  

Weight 

Function  

Huber |𝑉| ≤ 𝑐 1  |𝑉| ≤ 𝑐0 1 

 |𝑉| > 𝑐 𝑐/|𝑉| Yang-II 𝑐0 ≤ |𝑉| ≤ 𝑐1 𝑐0/|V|  

Andrews |𝑉| ≤ 𝑐𝜋 (|𝑉|

/𝑐)−1𝑆𝑖𝑛(|𝑉|

/𝑐) 

 |𝑉| > 𝑐1 0 

 |𝑉| > 𝑐𝜋 0 Denmark |𝑉| ≤ 𝑐 1 

BeatonTukey |𝑉| ≤ 𝑐 (1

− (|𝑉|/𝑐)2)2 

 |𝑉| > 𝑐 
𝑒

(−
𝑉2

𝑐2)
 

 |𝑉| > 𝑐 0 LMS None 1 

L1-norm None 1

|𝑉|
 

LTS None 1 
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It is need to the critical value to compare the measurement corrections. The critical value, 

can be calculated as: 

𝑐𝑖 = 𝑠0√𝑄𝑣𝑣𝑖√𝑃𝑖𝑡𝑓,1−𝛼0/2
         

  (2) 

𝑐 =
∑ 𝑐𝑖

𝑛
𝑖=1

𝑛
           

   (3) 

 

2.2. Numerical Application 

 

A solution has been made to determine the advantages and disadvantages of the outlier detection 

methods using real data. In this application the Huber, Beaton-Tukey and Andrews and Denmark 

methods were solved using 5 point 3D coordinates. In this process, the measurement weights had 

been determined by using the weight functions of methods given in Table 2. The iteratively 

solution had been stopped generally 5th step when there was no significant changes in the mean 

squared error. The results of solutions were given in Table 3. 

 
Table 3. The Mean Squared Errors of Outlier’s Detection Methods.  

Methods Mean Squared Error (cm) 

1st 

Step 

2nd 

Step 

3rd 

Step 

4th 

Step 

5th 

Step 

Conventional 12.355 10.054 6.465 5.819 5.575 

Huber 12.355 12.355 - - - 

Andrews 12.355 11.107 10.635 10.538 10.474 

Beaton-

Tukey 

12.355 5.024 4.028 3.161 0.686 

Denmark 12.355 7.886 6.852 5.114 4.452 

 

3. Results and Discussion  

 

The conventional method solution was realized using t-test method. 6 measurements were 

determined as outlier according to t-test method results.  These measurements were X5, X2, Z3, Y4, 

Y3, Y5, respectively. All of these measurements were removed from the measurement group. In 

this case, the measurements number was decreased. This is not preferred because of controllability. 
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The robust estimation methods solution is not removed the measurements from 

measurements group. This method changes the measurements weights iteratively. The robust 

estimation methods results were summarized in Table 4.   

 

Table 4. The Results of Robust Estimation Methods. 

Methods The number of 

reweighted 

measurements 

Description and Comments 

Huber 0 There was any difference with the 

conventional method. The weight function had no 

effect to determine the outliers. 

Andrews 15 The significant changes were in only one 

measurement (X5). The other changes were 

insignificant. The weight function had partial 

effect to determine the outliers. 

Beaton-

Tukey 

15 The significant changes were in 9 (Y1, Z1, 

X2, Y2, Y3, Z3, Y4, X5, Y5). Only Y2 was increased, 

the others were decreased. The weight function 

had powerful effect to determine the outliers.  

Denmark 3 The significant changes were in 3 (X2, Z3, 

X5). The other weights had not changed. The 

weight function had partial effect to determine the 

outliers. 

 

As a result of this solution, it was seen that the robust estimation methods were successful 

to determine the outliers. The author of this paper is advice to Beaton-Tukey methods because of 

minimum mean squared error. 
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Abstract 

 

In this study, the applicability and performance of a new control approach have been demonstrated 

by developing a control system that optimized the phase plan and signal timing with Flower 

Pollination Algorithm (FPA). The performance of the system according to two different 

intersection geometry, with and without left turn pockets, was demonstrated in 6 different traffic 

situations, including low, medium and high. In the comparison of performance, fixed time traffic 

control obtained with optimum cycle length search system based on Differential Evolution 

Algorithm (DEA) approach was used. Simulations of control systems were realized through the 

KU-Trsim simulation program and delay values of traffic situations were obtained. It was found 

that the system developed with FPA could provide an average of 9.75% improvement in 

intersection geometry without left turn pockets and 15.6% average of intersection geometry with 

left turn pockets. It has been seen that FPA approach which has fast and effective performance can 

be used as an alternative method in intersection control and it is also possible to increase 

intersection capacity by combining different approaches and to reduce negative effects such as 

delay and fuel consumption. 

 

Keywords: Traffic signal controller, Flower pollination Algorithm, Differential Evolution 

Algorithm 
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1. Introduction 

 

The population and the number of vehicles are in an increasing trend in both our country and 

the world. This situation also leads to an increase in the demand for transportation, the density of 

urban road networks and thus an increment in vehicle delays. By applying different control systems 

at intersections, delays are reduced and intersection performance is improved. Particularly with 

the development of artificial intelligence techniques, incorporating high-performance algorithms 

into control systems contributes significantly to the performance of control systems and allows 

more vehicles to be crossed with optimum intersection control. 

Researchers were able to achieve better results than traditional intersection control based on 

artificial intelligence methods. Ceylan and Bell (2004) applied the Genetic Algorithm (GA) 

approach to traffic signal timing optimization. They performed signal timing optimization of 6 

different intersection and showed that GA results are simpler and more effective than other meta-

heuristic methods. Putha et al. (2012) compared Ant Colony Optimization (ACO) and GA for 

traffic signal optimization for over-saturated situations. According to the results of 2 different 

scenarios in a 20-intersection road network, ACO showed better results than GA. Odeh et al. 

(2015) developed a hybrid algorithm consisting of the combination of Fuzzy Logic (FL) and GA. 

They stated that the proposed algorithm applied to the road network consisting of 4 intersections 

improved by 34% better than traditional traffic control systems such as fixed time and 31% better 

than conventional FL control systems. Araghi et al. (2015) performed the optimization of traffic 

signal controllers used in multi-intersection road networks with the Cuckoo Search Algorithm 

(CSA). Artificial Neural Networks (ANN) and Adaptive Neuro-Fuzzy Inference System (ANFIS) 

intelligent traffic control systems which were used in a 9-intersection road network were optimized 

by CSA and they were 44% and 39% better than fixed time controller respectively. Doğan and 

Akgüngör (2016) developed FL traffic controllers and optimized the FL system with DEA. They 

improved the intersection performance by 52%, 48% and 14%, respectively, according to low, 

medium and high traffic conditions. Zhao et al. (2016) applied the Particle Swarm Optimization 

(PSO) based traffic control system to an intersection in China and were able to reduce the number 

of stops by 19.04%. Thus, it was able to reduce the total delay and emission by minimizing the 

number of stops. Erişkin et al. (2017) performed cycle length optimization using the Elimination 

Pairing System (EPS) at over-saturated intersections. The results of the method, which was formed 
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by cost function according to delay and stop number, were compared with Webster and TRANSYT 

14 software and showed that EPS could be used in the optimization of traffic signal timing 

according to better results of the method than that of Webster. 

The main objective of this study is to develop a traffic control system based on phase and 

signal timing optimization with Flower Pollination Algorithm which is one of the novel and 

effective algorithms. In addition, the second aim of the study is to increase the efficiency of the 

fixed-time control system by using the optimum cycle length search method based on the 

Differential Evolution Algorithm (DEA). Thus, it is possible to compare the proposed control 

system with an effective fixed-time system. This section of the article provides a summary of the 

purpose of the study and literature studies. In the second section, FPA and DE algorithms are 

explained and details of the developed traffic signal controller are given. In the last section, the 

performance indicators of the proposed approach are presented by making statistical analyzes and 

the results are explained. 

 

2. Material and Method 

 

The popularity of FPA approach used in phase and signal timing optimization is increasing 

day by day and its effectiveness has been demonstrated by different studies. The DEA approach 

used in the search algorithm proved its validity with its fast and effective performance. The details 

of these algorithms and the developed control system are given in subheadings. 

 

2.1. Flower Pollination Algorithm 

Flower Pollination Algorithm (ETA) was developed by Yang (2012), inspired by the 

reproductive behavior of plants. The basis of the reproductive behavior of flowering plants is the 

continuation of optimal biological viability and pollination method is used for this. Therefore, 

plants use 2 different pollination methods. The pollination method which is provided by any living 

organism such as butterfly, bird and insect is called biotic pollination and 90% of the pollination 

in the plants takes place with this method. The transport of pollens by an inactive carrier such as 

water or wind is called abiotic and is used for pollination at a rate of 10%. 

There are 4 basic rules of this algorithm, which seeks the most appropriate solution according 

to certain assumptions.  
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Rule 1: Transport of pollen by carriers according to the L’evy distribution is a global pollination 

process and is called biotic pollination. 

Rule 2: Abiotic pollination is a local pollination process. 

Rule 3: The probability of production is provided by a coefficient called the flower constant and 

varies in proportion to the similarity of the flower species. 

Rule 4: Local and global pollination process is controlled by the switching probability variable in 

the range [0-1].  

In fact, plants have more than one flower and millions of pollen gametes. In this algorithm, for 

simplicity, it is assumed that each plant has a flower and can produce a pollen gamete. Thus, a flower 

or pollen gamete can express the solution point. According to Levy distribution, insects can fly for 

a long time in the global search and the situation enables the transport of pollen over long distances. 

Local pollination is effective in convergence of solutions. Thus, it can find the optimum point by 

shortening the search time in a small neighborhood of the solution point. 

 

2.2. Differential Evolution Algorithm 

Differential Evolution Algorithm (DEA) developed by Storn and Price (1997) is population-

based and is similar to GA. DEA is basically working with 4 operators, initial population, mutation, 

crossover and selection. The most important difference that separates DEA from GA is the 

mutation operator. The mutation process of DEA according to the difference of randomly selected 

vectors makes this operator adaptive. These differences are an important indicator for an 

appropriate step size. Because, as the algorithm, it is important to determine the step size to be 

taken towards optimum changes, and the adaptation of the mutation operator improves the 

performance of the algorithm and makes it strong. In the DEA approach, advantages such as not 

applying the operators to the whole population and coding with fewer lines increase the 

preferability of the algorithm. Another advantage of DEA over other heuristic methods is that it 

can be controlled with very few parameters. There are only 3 control parameters which are 

mutation coefficient (F), crossover rate (CR) and population size (NP). 

In the algorithm, the initial population is important. Because when this is created 

appropriately, the best result can be found more easily and can converge quickly. The initial 
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population consists of at least 3 chromosomes and the population size is determined by the number 

of input variables (D). The initial population is determined by a random distribution ranging from 

0 to 1. The mutation process is expressed as some changes made to genes on the chromosome. 

Thus, chromosome values, which are an alternative solution, move in space and represent the 

solution at a different point. Two things need to be considered in the mutation process. These are 

the direction of the mutation and the amount of change. The mutation process requires 3 randomly 

selected chromosomes. After mutation, by crossing the target vector with the mutant vector, the 

test vector is formed. Binomial, exponential and arithmetic methods are used in the crossover 

process. With the selection process, new generations are created by selecting between the test 

vector and the target vector to minimize the objective function. 

 

 

 

2.3. Flower Pollination Algorithm Traffic Signal Controller  

In the proposed new Traffic Control System (TSC), the phase plan and signal timing are 

optimized using the FPA approach. With this system, it is decided how many phases the intersection 

will be operated and which lanes will move in phases.  While determining the phase plan according 

to the intersection geometry and traffic volumes, minimizing the delay calculated according to the 

HCM delay formula is used as the objective function. By calculating the delay value in each lane, 

phase delays can be obtained relative to the lanes moving in phases. Thus, it is provided to determine 

the phase plan which gives the lowest delay among all phase combinations. At the same time, the 

signal timing is optimized according to the phase plan which is determined and the optimum green 

times are determined. In the determination of green times, minimum 8 sec and maximum 60 sec 

constraints are set and the cycle length can be determined between 22 sec and 252 sec. The 

expression of the objective function used in phase optimization is shown in Equation 1. 

 

𝑀𝑖𝑛 𝐹(𝑥) =  ∑
𝑑𝑙

𝑞𝑙

𝑘
𝑙=1                                                                                                           (1) 

Here; 

𝑑𝑙 : Delay value on the lane 

𝑞𝑙: Traffic flow on the lane 
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𝑘 : Total number of lanes at the intersection 

 

In addition to optimizing the phase plan and signal timing, the control system can also change 

the phase sequence. The objective is to select which phase takes precedence in the determined phase 

plan. At the end of each phase, priority is given to the phase with the highest number of vehicles by 

looking at the number of vehicles in the lanes of the other phases. Thus, the creation of the dynamic 

phase sequence instead of the fixed phase sequence allows the delay to be reduced. The flow diagram 

of the developed control system is given in Figure 1. 

 

Figure 1. Flowchart of FPA-TSC 

 

The objective function shown in Equation 1 is also used as the objective function of the 

optimum cycle length search algorithm based on the DE algorithm. Thus, the cycle lengths of 

different traffic situations could be determined to give the lowest delay. 

 

3. Results and Discussion 

 

The performance and usability of the proposed control system have been evaluated 

statistically over three-leg intersection for different traffic situations. 6 different scenarios were 

created according to the different traffic volumes given in Table 1. Simulations are made according 

to the intersections with and without left turn pockets and delay values are obtained for each traffic 
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situation. Mean Percentage Errors (MPE) was used for statistical comparison and MPE expression 

is given in Equation 2. 

Table 1. Traffic Scenarios 

Scenario East (veh. / hr) West (veh. / hr) North (veh. / hr) 

    

1 

2 

3 

4 

5 

6 

400 400 400 

100 250 400 

800 800 800 

500 650 650 

1200 1200 1200 

900 1050 1050 

 

𝑀𝑃𝐸 = 1
𝑛⁄ ∑

𝐷𝑒𝑙𝑎𝑦𝑓𝑡−𝐷𝑒𝑙𝑎𝑦𝑓𝑝𝑎

𝐷𝑒𝑙𝑎𝑦𝑓𝑡
∗ 100 𝑛

𝑖=1                                            (2) 

Here, n is the number of samples, Delayft refers to the delay value of the fixed-time control system 

and Delayfpa refers to the delay value of the proposed control system. 

 

Each traffic situation was simulated using 20 different seed numbers and the delay value of 

each traffic situation was obtained from the average of 20 different delay values. Delay values for 

traffic situations according to the simulations for each intersection geometry (absence and presence 

of left-turn pocket lane) are given graphically in Figure 2-3. 

 

Figure 2. Delay Distribution for Three-Leg Intersection 
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Figure 3. Delay Distribution for Three-Leg Intersection with Left-Turn Pocket 

 

As shown in Figure 2-3, the control system developed with the FPA approach was able to 

provide intersection control with lower delay in all traffic situations in the scenario. In addition, in 

terms of MPE values, 9,75% and 15,6% improvements were obtained according to the absence 

and presence of a left-turn pocket lane. The FPA approach performed effectively in the 

optimization of phase and signal timing. It was revealed that this system was an alternative control 

system that could significantly reduce delay compared to the optimized fixed-time system.   As a 

consequence, It is thought that the developed system will contribute to both reducing emissions 

and fuel consumption as well as minimizing driver dissatisfaction due to signaling. 
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Abstract 

 

RAS mutation is the most common in many human malignancies such as pancreatic cancer, 

papillary thyroid cancer, colorectal cancer and non-small cell lung cancer. RAS proteins are 

involved in cell growth and differentiation. These proteins trigger gene transcriptions transmitting 

extracellular growth and differentiation signals to the cell nucleus via receptor tyrosine kinases. 

RAS proteins undergo through post-translational modification called farnesylation to anchore 

inner cell membrane. Developing anticancer drugs by targeting oncogenic RAS proteins has 

become one of the new therapeutic approaches. Farnesylthiosalicylic acid is a novel RAS inhibitor. 

FTS competes with farnesylated RAS for binding sites on the plasma inner membrane by 

mimicking the c-terminal farnesyl cysteine which are found in all RAS isoforms. GTP bound RAS 

activation is inhibited by FTS in different human cancer types. 

 

Keywords: RAS, farnesylthiosalisilic acid, cancer 
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1. Introduction 

Ras proteins are small GTPases which have critical roles in regulating, differentiation, 

growth factor signaling and gene expression of cell division. Ras genes encodes three related 

proteins K-RAS, H-RAS and N-RAS in animal cells (Colicelli 2004). Ras family proteins, with 

their GTP or GDP bound forms, trigger intracellular signal transduction by switching between two 

conformations, affecting various proteins within the cell by causing their conformational change 

and phosphorylation (Bos 1998). Three decades ago, some researches showed that the mutational 

activated Ras genes relation with the human cancers (Chang 1982, Karnaub 2008). 

Ras mutations are responsible for the occurrence of approximately 30% of human cancers, 

including lung, colon and pancreatic malignancies. It is highly striking that K-Ras mutations occur 

in 32% of colon and biliary cancers and in approximately 60% of pancreatic cancers, and these 

findings indicate the important role of mutations in Ras oncogenes in the early stages of cancer 

(Telkoparan 2011). 

2. Activation Mechanism of Ras  

Ras structure contains a hydrophobic core of six stranded beta sheets and five alfa helix 

(Karnaub 2008). Ten loops are situated in ras structure to connect with each strand and five of 

these have important roles in providing nucleotide interactions of Ras to regulate GTP hydrolysis. 

Ras family proteins affect various proteins in the cell with GTP-bound or GDP-bound 

forms. They induce intracellular signal transduction, causing conformational changes and 

phosphorylation of proteins. Ras protein with GTP-bound is active form whereas with GDP-bound 

is inactive form. Namely, Guanin Exchange Factor (GEF) binds GTP by removing GDP from 

inactive form ras protein. Ras protein is thus activated (GTP bound). While the Ras protein switch 

to inactive form, GTP is hydrolised by GTPase-Activating Protein (GAP)(Shinohara 2002, Gilman 

1987, Boriack-Sjodin 1998, Scheffzek 1997) . 

3. Signal transduction pathways of Ras 

The active Ras proteins bind directly to effector proteins located downstream of the 

signaling pathway and activate these proteins, thus influence cellular proliferation and 
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differentiation. The one of these effector proteins is Ras Associated Factor (Raf), the second one 

is Phosphoinositide-3-kinase (PI-3K) and the third one is Ral-GEFs (Ras-like GTPases).  

Ras-activated Raf proteins phosphorylate mitogen-activated protein kinases (MAPKKs or 

MEK) allowing proliferation signal to reach the nucleus. ERKs (MAPKs) are activated via 

phosphorylation by MAPKKs. The MAPKs can interact some transcriptional factors, then they 

phosphorylate them in nucleus. These transcription factors activate the transcription of genes 

responsible for cell differentiation and proliferation. Another protein that can be identified as the 

effector of Ras is PI-3K. PI-3K is a heterodimer consisting of p110 with catalytic activity and p85 

with regulatory role. GTP-Ras activates heterodimer by binding to p110. When PI-3K is activated, 

phosphatidylinositol (4,5)-bisphosphate (PIP2) is converted into phosphatidylinositol (3,4,5)-

trisphosphate (PIP3 ). PI3-K activity has also been described as essential for Ras-dependent 

oncogenic transformation. PIP3 stimulates the kinase activity of akt / PKB. Activated AKT / PKB 

phosphorylates proteins involved in cell proliferation and differentiation (Bos 1998, Castellano 

2011, Holderfield 2014). 

 

Figure 1. Activation of the Ras/Raf/MEK/ERK signaling pathway. RTK, receptor tyrosine kinase; SOS, 

mammalian son-of-sevenless; GRB2, Growth Factor Receptor Bound Protein 2; MEK Mitogen-activated 

Protein Kinase Kinase; ERK, extracellular signal-regulated kinase. 
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4. Oncogenesis of Ras mutation 

Different studies have shown that increase or deterioration of Ras pathway activity leads to cancer. 

It has been determined that different Ras gene mutations occur in different cancer types. In other 

words, K-Ras mutations may cause pancreatic, colorectal, endometrial, biliary, lung, and cervical 

cancers more frequently, K-Ras and N-Ras mutations in myeloma while N-Ras and H-Ras 

mutations melanomas and bladder cancers, respectively (Bos 1989, Johnson 2001, Eser 2014).  

Oncogenic Ras proteins affect the activity of their effector proteins leading to abnormal 

functioning of the pathway and uncontrolled proliferation of cancer cells.  

5. Farnesylthiosalicylic acid (Salirasib) 

Farnesylthiosalicylic acid (FTS) is a novel RAS inhibitor which competes with 

farnesylated RAS for binding sites on the plasma inner membrane. FTS makes inhibition by 

mimicking the c-terminal farnesyl cysteine which are found in all RAS isoforms. GTP bound RAS 

activation is inhibited by FTS in different human cancer types. FTS leads to degradation and 

decrease of Ras in cytoplasm in vitro. Salirasib was found to inhibit mTOR complex 1 activity by 

disrupting of the mTOR-raptor complex. mTOR is a key kinase in downstream activation of the 

PI3K / AKT signaling pathway (Charette 2010).  

 

Figure 2. Structure of Salirasib 

Some researches show that salirasib induces a dose-time dependent decrease of cell growth 

in hepatocellular carcinoma cells in vitro and inhibit tumor growth in xenograft model in vivo 

(Charette 2010). A phase I clinical trial was conducted safety and tolerability of Salirasib in 

Japanese patients. It was found that salirasib was well tolerated and  a promising molecular 

approach especially for patients with KRAS mutation and non-responsive chemotherapy (Furuse 

2018). On the contrary, a phase II salirasib study was done in lung adenocarcinoma with KRAS 

mutations in 2011. In this trial, any significant anti tumoral activity was not found in this patients 

(Riely 2011).  
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Abstract 

 

In this study, the adsorption capacity of natural bentonite collected from Unye region in Turkey 

modified with magnetite prepared via co-precipitation method was investigated on lead (Pb). The 

characterization study using X-ray diffraction (XRD) improves the presence of magnetite in our 

bentonite after modification. Adsorption and kinetics study was established in batch method 

sorption experiments with different concentration of lead at pH = 6 and shaking speed = 200 rpm. 

Experimental data of lead adsorption kinetics fitting well with pseudo second order model. The 

study of the equilibrium adsorption isotherms was fitting using Langmuir, Freundlich and Redlich–

Peterson models and revealed that the experimental data were better fitted in Freundlich and 

Redlich Peterson isotherms with good values of R2 up to 99 %.The results of the study of the 

concentration with Shaking time show that the removal efficiency of (Pb) was above 96 % after 

150 min. Measurements of the metal concentration in solution was made with Atomic absorption 

spectroscopy (AAS). 

 

Keywords: Adsorption, Bentonite, Co-precipitation, Magnetic separation, Lead 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

1. Introduction 

 

Water is polluted as a resulted popullation activities and as a result of improper use. Heavy 

metals are natural occurring elements, having both natural and anthropogenic sources.Heavy metal 

pollution has negative effects on human and aquatic life (Vareda vd., 2019). Metal contamination 

in waters is caused by direct atmospheric precipitation, agriculture and animal husbandry, and 

discharges of domestic and industrial wastes (Kumar vd., 2019). Heavy metals are elements that 

have a high atomic mass and a density at least five times greater than that of water (Chu vd., 2019). 

Lead pollution is one of the most important heavy metal impurities. The reason for this is that the 

lead cannot biodegrade and accumulate. There are many processes for the removal of heavy metals 

from wastewater. Adsorption processes are the most important of these processes. One of the most 

adsorbents materials used in this area is natural bentonite (NBT).  

The objective of this study was to prepare magnetic bentonite with co-precipitation method 

and its adsorption capacity of a heavy metal, lead. 

 

2. Material and Method 

 

2.1. Chemicals 

 

Bentonite collected from Turkey (Ordu-Unye-Tekkiraz), chemicals used in this work include 

Ferric chloride hexa-hydrate (FeCl3.6H2O), iron (II) sulfate hepta-hydrate (FeSO4.7H2O), 

ammonium hydroxide (NH4OH, 25% of ammonia) were purchased from Merck Company and 

distilled water. 

 

2.2. Characterization 

 

XRD was collected using smartLab X-Ray diffractometer, with Cu-Kβ radiation in the range 

of 2θ=5-80° with steps of 0.01°.SEM images were taken with JEOL (JSM-7001F). 

 

2.3. Preparation of bentonite modified with magnetite 
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A fixed amount (2.5 g) of the as-collected bentonite and 0.901g of FeCl3.6H2O was 

suspended in a 500 round bottom flask with 250 ml of distilled water under stirring for 12 h. After 

added 0.459g of FeSO4.7H2O the mixture was heated under nitrogen (N2) atmosphere until 850C. 

At this stage 4 ml of aqueous ammonia (25%) was added to the mixture which turned immediately 

black indicating the formation of Fe3O4. The obtained solid was separated by centrifugation, 

washed several times with distilled water and dried in an oven at 80ºC for 24 h. 

 

2.4. Adsorption experiments  

 

Two stock solutions of 1 g/L of Pb(II) ions were prepared by dissolving appropriate amount 

of Pb(NO3)2 in distilled water. 

 

2.5. Isotherm Study 

 

For isotherm study, in batch method using a shaker under shaking speed of 200 rpm, pH:6  

and at room temperature, a fixed amount of NBT/Fe3O4 was agitated with 50 ml of solutions of 

varying concentrations of metals (10,20, 30, 50 and 100 mg/L) taken 100 ml flasks. The mixture 

was shaken for 24 h to reach the equilibrium adsorption. Experimental results were fitting for the 

study of qe=f(Ce) using three models: Langmuir (Langmuir, 1918) (Eq1), Freundlich (Freundlich, 

1906) (Eq2) and Redlich–Peterson (Toth, 1971) (Eq3).  

Where, qe (mg/g) is the amount adsorbed of metals , Ce (mg/L) is the liquid phase 

concentration of metals at time (t). 

𝑞𝑒 =
qm  𝐾𝐿𝐶𝑒

1+ 𝐾𝐿𝐶𝑒
.......................................................................................................................... 

(1) 

Where, qm (mg/g) is the maximum adsorption capacity, and KL (L/mg) is the Langmuir 

constant 

𝑞𝑒 = 𝐾𝐹𝐶𝑒𝐶𝑒
1/𝑛

...................................................................................................................... 

(2) 

Where, KF (mg/g) and n (g/L) are Freundlich constants. 
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𝑞𝑒 =
 𝐾𝐶𝑒

1+𝛼𝐶𝑒
𝛽 ............................................................................................................................ 

(3) 

Where, k (L/mg) and α (L/mg), are Redlich–Peterson isotherm constants, and β is the 

exponent which lies between 0 and 1. 

 

2.6. Kinetic Study 

 

For kinetic study also, batch method sorption experiments were used in the same shaker 

under shaking speed of 200 rpm, pH:6 and at room temperature. 50 ml of metal solutions (50 

mg/L) was agiteted with 0.25 g of NBT/Fe3O4 with shaking time in the range of 0 to 150 min. 

The amount of adsorption at equilibrium (Qe, mg/g) and removal efficiency (%) of Pb (II) was 

calculated using the following equations: 

qe =
V(C0−Ce)

W
 …………………………………..………………………………………….... 

(4) 

Removal efficiency (%) =100(
𝐶0−𝐶𝑒

𝐶0
)………………………………………………..……… 

(5) 

Where, Co is the initial liquid phase concentration of metals and Ce (mg/L) is the liquid phase 

concentration of metals at time (t), V (L) is the volume of the solution, and W (g) is the weight of 

the adsorbent used. 

 

2.7. Models applied to the kinetic data 

 

The two most used models pseudo first-order (Eq6), and pseudo second-order (Eq7), have 

been applied on our experimental data  

Ln (q e- qt) = ln qe –

k1t………………………………………………………………….…….(6) 

Where, qe (mg/g) is the amount adsorbed of metals at equilibrium, qt the concentration of 

metals adsorbed at time (t), k1 (min-1) is pseudo first-order rate constant. 
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t

qt
= 

1

k2qe
2 +

 
t

qe
 ……………………………………………………………………………….(7) 

Where, k2 (g/mg..min) is the pseudo second-order constant. 

 

3. Results and Discussion 

 

3.1. Characterization of NBT/Fe3O4 

 

 

Figure 1. The XRD patterns of NBT (a) and NBT/Fe3O4 (b) 

 

Figure 1. shows XRD patterns of NBT and NBT/Fe3O4 and confirmed the presence of 

magnetite in the mixture with the characteristics peaks of magnetite 2θ=30.09°, 35.64°  and 62.94°. 

The other diffractions peaks at 2θ=6.04°, 21.97°, 54.23°, 62.05° and 73.20° are clearly 

attribute to NBT because of that their majör constituents of quartz (65.43%) and alümina (17.02%). 
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Figure 2. SEM images of NBT(a) and NBT/Fe3O4 (b) 

 

Figure 2. show that there is aclear and visible change in the morphology between NBT and 

NBT/Fe3O4. We can notice that in the first image (Figure 2a) that the grains are irregular and after 

modification (Figure 2b) a significant decrease in the size of the grains due to the coating of NBT 

particles with magnetite nanoparticles. 

 

3.2. Isotherm Results 

 

 

Figure 3. Comparison between the experimental and predicted isotherms for the adsorption of lead 

onto BT/Fe3O4 at pH = 6, shaking speed = 200 rpm. 

Figure 3. presents the fitting of the experimental data with, Langmuir, Freundlich and 

Redlich-peterson isotherm models of Pb(II). The obtained values of R2 from the isotherm study 
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of Pb(II) showed that experimental data were fitting best using Freundlich and Redlich-Peterson 

models compare to Langmuir model with values up to 95%. 

 

3.3. Kinetic Study Results 

 

 
 

(a) Removal Efficiency (b) Adsorbed Concentration 

 

Figure 4. Effects of shaking time on the lead adsorption onto NBT/Fe3O4(pH = 6 with shaking 

speed = 200 rpm) 

The effect shaking time on the adsorption capacity of Pb(II) on NBT/Fe3O4, Figure 4. 

Experimental results show that the removal efficiency of Pb(II) was %97, respectively after 150 

min. 

  
(a) (b) 
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Figure 5. Application of pseudo first order model and pseudo seconf order model for Pb(II) kinetics 

adsorption 

 

The application of psedo first order (Figure 5a) and Pseudo second order (Figure 5b) on the 

experimental data indicated Pb (II) folloed the pseudo second ordernmodel with heights values of 

the coeficent of corelation (R2=0.99). The parameters k1, k2, Qe and R2 calculated from the data 

are listed in Table 1. 

 

Table 1. Kinetic parameters for Pb(II) adsorption onto NBT/Fe3O4 

Pseudo first-order 

R2 76.55 

K1 0.12 

Qe 4.18 

Pseudo second-order 

R2 99.98 

K2 0.012 

Qe 10.33 

 

4. Conclusions 

 

The aim of the present research was to modify and valorize a natural bentonite with 

magnetite to use it as an effective and easy recoverable adsorbent for heavy metals. The 

modification of bentonite with magnetite was confirmed using XRD and SEM analysis. Results 

showed that the removal efficiency of NBT/Fe3O4 for the studied metals were 97% for Pb(II). 

Mentioned metals on natural bentonite with magnetite was fitted best into Freundlich and Redlich–

Peterson isotherm models with values of R2 above 95%. The kinetics of Pb(II) adsorption were 

fitted well using pseudo second-order model with value of R2 above 98%. 
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Abstract 

 

The use of painkillers is increasing in parallel with the increasing population. After the drugs are 

taken to human body, some of them are metabolised and some of them are discharged from the 

body and reach to wastewater treatment plants. Conventional wastewater treatment plants are 

inadequate for the removal of these pollutants called micropollutants. Drug residues that cannot 

be completely removed are mixed with the aquatic environment. In this study, removal of 

ibuprofen and paracetamol substances with high persistence and toxicity in aquatic environment 

was invastigated using a microporous membrane in a continously operated system. A synthetic 

water containing 92.1 μg/L ibuprofen and 98.8 μg/L paracetamol were prepared for the 

experiments. Samples were taken from the outlet water of the operated membrane at certain time 

intervals (0-2-4-6-8-20-24 hours). Total nitrogen, total phosphorus, sulphate, temperature, pH, 

dissolved oxygen, electrical conductivity and turbidity were measured. The removal efficiencies 

were determined by COD, TOC and LCMS/MS analysis. Ibuprofen was 37.6% and paracetamol 

removal was 83.5% at the end of 24 hours. 

 

Keywords: Ibuprofen, Paracetamol, Membrane, LCMS/MS, Wastewater 
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1. Introduction 

 

Drug use increases day by day in paralel with the population. Drugs detected in the aquatic 

environment are discharged from hospitals, pharmaceutical factories, veterinary practices and 

homes to receiving environment (Kim ve Zoh, 2016). Paracetamol and Ibuprofen are among the 

most commonly used and prescribed non-steroidal anti-inflammatory drugs (NSAIDs).  

Contamination of drugs can have a negative effect on aquatic environment. These effects are 

femnization of fish, change in sex ratios, decrease in ovulation etc. (Kümmerer, 2010). The adverse 

effects of Paracetamol are mainly genetic disorders, causing toxic effects that oxidize lipids in the 

cell membrane, resulting in cell death (Brandão vd., 2011). After being adsorbed in the body, 

Ibuprofen acts as endocrine distrupting the normal chemicals, mimicking hormones and 

distrupting the normal functioning the body. High concentrations of Ibuprofen have been shown 

to affect the spawning system of Japanese Mekada fish species, causing them to spawn less 

frequently or produce more eggs (Moynan ve Welsh, 2012).  

Drugs are mixed with waste water after being used for different purposes. Drug residues can 

retain their original structure and concentration as a result of discharges into the aquatic 

environment, or may change to other active or inactive compounds (Luo vd., 2014). Wastewater 

treatment plants are generally designed to remove organic materials and reduce suspended solids 

below minimum discharge standards (Lishman vd., 2006). In conventional wastewater treatment 

plants, these drugs, which cannot be completely treated, are discharged to the receiving 

environment. Advanced treatment processes emerge as an effective removal method for the 

removal of drug residues from the aquatic environment. Membrane processes, which are one of 

the advanced treatment processes, are widely used to remove drug residues. Nearly 99% removal 

efficiency was obtained with ibuprofen and paracetamol removal by membrane processes 

(Kovalova vd., 2012; Luo vd., 2014). 

In this study, the removal of paracetamol and ibuprofen drugs in ultrafiltration membrane 

system in synthetic water containing various micro pollutants was investigated. Hourly removal 

efficiencies were calculated and measured with some physicochemical pollution parameters. 

 

2. Material and Method 
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2.1. Chemicals 

 

 

Paracetamol “Parol” in the form of serum and Ibuprofen “Brufen” in the form of dragee were 

obtained from pharmacy. The stock solutions used in the LCMS / MS instrument were prepared 

using standard materials from Sigma Aldrich. Ibuprofen (purity ≥98) and paracetamol (European 

Pharmacopoeia Reference Standard) were selected. Kits for total nitrogen, total phosphorus, 

nitrate, nitrite, ammonia and COD were obtained from merck. The main properties and structure 

of ibuprofen and paracetamol are given in Table 1. 

 

Table 1. Ibuprofen and Paracetamol main properties and structure 

Drug Ibuprofen Parasetamol 

Molecular Formula C13H18O2 C8H9NO2 

Molecular Weight 206.3 g/mol 151.2 g/mol 

LogKow 3,97 0.46 

pKa 4.91 9.71 

Henry Constant 1.5x10-7 atm-m3/mol (25°C) 5x10-9 atm-m3/mol (25°C) 

 

 

2.2. Measurement of Physical Chemical And Pollution Parameters 

 

Physicochemical and pollution measurement parameters analysis results of the tap water and 

synthetic wastewater used during the preparation of the samples are given in Table 2. 

 

Table 2. Tap water and wastewater measurement results 

 

Parameters Tapwater Wastewater 

pH 7.51 7.44 

Temperature 22.3°C 21.6°C 

Electrical Conductivity 3.23 µs/cm 315.2 µs/cm 

Dissolved Oxygen 8.90 mg/L 8.72 mg/L 

Turbidity 0.77 NTU 2.03 NTU 

Total Nitrogen <10 mg/L <10 mg/L 

Total Phosphorus 0.02 mg/L 0.01 mg/L 

Sulphate 65 mg/L 80 mg/L 

TOC 2.225 mg/L 5.739 mg/L 
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2.3. Experimental Procedure 

 

Carbamazepine, Diclofenac, İbuprofen, Paracetamol and Triclosan were used in the 

preparation of synthetic water. Other drugs other than triclosan were commercially available. Drug 

concentrations in synthetic wastewater used in the study are given in Table 3. 

 

Table 3. Micropollutant concentrations in wastewater 

 

Micropollutant Concentration (µg/L) 

Carbamazepine 538.8 

Diclofenac 74.6 

Ibuprofen 92.2 

Paracetamol 16.3 

Triclosan 7.4 

 

The membrane properties used in the study are given in Table 4. The flow through the 

membrane is divided into two. These are flows that pass through the membrane and do not pass 

through the membrane. The flux passing through the membrane is called the filtrate and the flow 

that does not pass through the membrane is called concentrated flow. Pressure systems are the 

most preferred membrane processes. The type of membrane used in the study is ultrafiltration 

membrane and produced from polysulfone material. 

 

Table 4. Membrane properties used in the study 

 

Properties Value 

Module diameter (cm) 10 

Effective length (cm) 24 

Membrane pore size (µm) 0.03 

Inner fiber diameter (cm) 0.8 

Outer fiber diameter (cm) 1 

Surface area of a fiber (cm2) 60.3 

Number of fibers in module (pcs) 32 

Total membrane surface area (cm2/module) 1930 
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During the study, no pH adjustment was made, and the solutions were measured at their own 

pH. In this study, ibuprofen and paracetamol removal in solution was investigated by using a 

continuously operated membrane system. Samples were taken from the system outlet at regular 

intervals (0-2-4-6-8-20-24 h).  Ibuprofen and paracetamol concentrations of the samples taken 

from the system outlet were measured on LCMS/MS instrument. pH, temperature, dissolved 

oxygen, conductivity, turbidity, sulfate, total nitrogen, total phosphorus, nitrite, nitrate, ammonia, 

TOC and COD were analyzed for the samples. 

 

2.4. Analytical Methods 

 

Total organic carbon (TOC) was measured using Apollo 9000 combustion TOC analyzer. 

The 

COD, sulfate, total nitrogen, total phosphorus, nitrite, nitrate, ammonia tests were analyzed with 

kits. For chromatographic analysis, LCMS-MS, Shidmadzu 8040 UPLC 

coupled with triple quadrupole Mass Spectrometer with electrospray ionization (ESI +) assisted 

with raptor C-18 analytical column (50mm x 30mm x 2.7 µm). Firstly, the calibration method for 

paracetamol was established. The nebulizer gas temperature was 

set at 350 °C wıth a flow of 3L/min and a pressure of 660 bar. The sheath gas temperature was set 

at 250 °C at a flow rate of 15 L/min. The UPLC system was operated in gradient mode containing 

HPLC grade acetonitrile and ultrapure water (v:v=70:30) for Phase A and for phase B, HPLC 

grade acetonitrile and ultrapure water were in the ratio v:v=30:70 in the presence of 0.1 % 

ammonium acetate. The gradient elution program was changed between B phase 30 % to A phase 

70% phase in 6.5 min following different time intervals as 0.6-1 min, 70-30% acetonitrile; 1-1.5 

min 70-30% acetonitrile; 1.5-4.5 min 70-30% acetonitrile; 4.5 to 6.5 min 30-70% acetonitrile. 

Secondly, the calibration method for ibuprofen was established. The nebulizer gas temperature 

was 

set at 350 °C wıth a flow of 2.5 L/min and a pressure of 660 bar. The sheath gas temperature was 

set at 250 °C at a flow rate of 10 L/min.The UPLC system was operated in gradient mode 

containing HPLC grade ultrapure water, 2 mM ammonium formate and 500µL formic acid 

(v:v=95:5) for Phase A and for phase B, HPLC grade methanol 2 mM ammonium formate and 

500µL formic acid were in the ratio v:v=30:70 in the presence of 0.1 % ammonium acetate. The 
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gradient elution program was changed between B phase 5 % to A phase 95% phase in 10 min 

following different time intervals as 0.10-3 min, 5-95%; 3-3.5 min 95-5%; 3-5 min 5-95%; 5 to 10 

min 95-5%.  Injection volume was 1.5ml. 

 

3. Results and Discussion 

 

The wastewater containing the micro-pollutant in the feeding tank of the system is provided 

to the reactor from the safety valve. Wastewater is provided to the hollow fiber membrane 

submerged in the reactor. The wastewater remaining in the system for a certain period of time was 

filtered through the membrane pores through the vacuum applied to the membrane and micro-

pollutant removal was provided and clean water was discharged out of the system. The effluent 

from the system was drained by vacuuming with a peristaltic pump. Periodically, samples taken 

from the system outlet (0-2-4-6-8-20-24 h) were delivered to the LCMS/MS instrument with a 

0.45µm membrane syringe tip filter. The micropollutant concentrations of the samples analyzed 

in the instrument were calculated for the removal efficiency for each type of micropollutant. 

Removal efficiencies were calculated according to Equation 1. 

 

% Efficiency=
𝐶𝑜−𝐶𝑒

𝐶𝑜
*100 

(1) 

 

All analysis results are given in Table 5. 

 
Table 5. Periodic analysis results of wastewater  

 

Parmetreler Birim Ham 2 sa 4 sa 6 sa 8 sa 20 sa  24 sa 

pH - 7,44 7,50 7,46 7,48 7,48 7,50 7,46 

Sıcaklık °C 21,6 22,1 23,6 23,3 23 23,2 24,2 

Elektriksel İletkenlik µS/cm 315,2 293,8 280,2 278,2 276 268,3 265,1 

Çözünmüş Oksijen mg/L 8,72 7,19 8,26 8,20 7,88 8,25 7,89 

Bulanıklık NTU 2,03 0,08 0 0 0 0 0 

Toplam Azot mg/L <10 <10 <10 <10 <10 <10 <10 

Toplam Fosfor mg/L 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

Sülfat mg/L 80 60 60 55 50 50 48 

KOI mg/L 61 59 58 53 48 42 41 

TOK mg/L 5,02 4,92 4,57 4,14 4,06 3,88 3,80 

Ibuprofen µg/L 92,1 87,0 86,4 85,7 80,1 68,5 57,4 

Paracetamol µg/L 98,8 26,7 25,9 24,7 21,1 20,4 16,3 
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When the results of the analysis were examined, no significant changes were observed in 

pH, temperature and dissolved oxygen values. The turbidity value was 2.03 NTU at the beginning 

and decreased to 0 NTU at the MBR output. The results show that the MBR system works well. 

When electrical conductivity values are examined, it is observed that hourly outputs decrease. The 

most important reason for this is that organic pollution has been removed by MBR system. 

Sampling time when looking at COD and TOC tests treatment efficiency increased. At the end of 

the 24-hour period, COD removal efficiency was around 20% and TOC removal efficiency was 

around 43%. When the removal efficiency of Ibuprofen and Paracetamol drug residues were 

examined by MBR process, treatment efficiency increased as time period increased. At the end of 

the 24 hour treatment period, the removal efficiency of ibuprofen was about 37% and paracetamol 

was about 82%. However, these treatment results show that MBR system does not provide 

effective removal efficiency in the treatment of pharmaceutical wastewater. Although the removal 

efficiency of paracetamol was higher than ibuprofen, the desired removal efficiency could not be 

obtained. However, due to the complex nature of the micropollutants, not every system is able to 

remove micropollutants at the same rate. 

 

4. Conclusions 

 

In this study, it is aimed to remove the pharmaceuticals which are not completely removed 

in conventional wastewater treatment plants by membrane bioreactor (MBR) which is an advanced 

treatment method. When the results of the analysis were analyzed, micropollutant removal was 

realized by MBR. When the results of analysis were examined, ibuprofen was removed with 37% 

and paracetamol 82% yield. However, it was found that MBR system was not sufficient to remove 

all of the pharmaceuticals. The results showed that the MBR process cannot be used as a single 

process for micropollutant treatment. However, it is contemplated that, when used in conjunction 

with hybrid processes, it can be used as a treatment aid. 
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Abstract 

 

The aim of this study is to investigate the production of bricks by using expanded perlite aggregate 

as the main raw material. The control brick produced for this purpose (50x100x100 mm); The 

production parameters (firing time, firing temperature, pressing pressure ratio, chemical additive 

ratio, size analysis and water / solid ratio) have been optimized along with engineering properties 

such as unit volume weight, mechanical strength. As a result of the studies, water / solid ratio of 

1.0, produced at 50 bar pressure and cooked at 400 0C temperature for 1 hour the lowest unit 

volume weight value 522.5 ± 48.3 kg / m3 and the highest strength value 12.13 ± 0.13 kg / cm2 

was obtained. 

 

Keywords: Perlite, Brick, Cooking time, Cooking temperature, Water/solid ratio 
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1.  Introductıon 

 

in many studies; Çobanlı obtained lightweight building materials with high thermal 

insulation by using expanded perlite, clay and boron waste [2]. In the study conducted by Ayberk; 

that perlite can be used in various forms with insulation and fire resistance properties [3], in another 

study conducted by Ceylan and Ebeoğlugil; clay and expanded perlite were used for the production 

of lightweight and thermally insulated building bricks and the properties of the building material 

were investigated [4]. Padfield produced materials with excellent shape from the mixture of 

pearlite, clay and bentonite in the production of lightweight building materials [5], another study 

by Shi et al. however, the increase in compressive strength was found to be dependent on the curing 

temperature [6]. Low and Beadoin, high alumina cement, natural volastonite fibers and silica fume 

is used when the bending strength of cement samples increased and decreased the volume of the 

unit stated that [7]. In a study conducted in Greece to be used as lightweight aggregate; According 

to the chemical, physical and mineralogical tests performed in raw and fired samples, it was 

determined that the region perlite may find application as a building material in the industrial 

construction sector [8]. 

 In our country, scientific studies and researches on the production of lightweight 

construction materials in the construction industry are gradually increasing. However, it has not 

been found that perlite is used as the main raw material. In this study, optimization parameters 

used in perlite brick production were determined. In addition, the engineering properties of the 

bricks produced were investigated. 

 

2. Materıal And Method 

 

Expanded perlite is used as the main raw material in the production of building materials. 

Perlite aggregates were obtained from the perlite beds of Eti Mine Works İzmir (Cumaovası) and 

expanded in the factory furnaces at 800 °C and made available for the production of perlite bricks. 

Specimens were specially expanded to size (150-180 kg/m3) and density (0.2-2 mm). The CMC 

used in the experiments was obtained from Merck. CMC, which is used as chemical binder in the 

experiments, was used to provide natural drying by shaping the bricks during pressing and to 

prevent deterioration of samples until firing. Coal dust used in the works was obtained from Set 

Cement Factory. After grinding in the laboratory, it was passed through a 1 mm sieve to remove 

discontinuities and was used as additive material. In the study, 20 °C water taken from normal 

drinking water network was used as mixing water. 

The sound insulation tests of the bricks were carried out in a closed room where the walls 

were insulated so that they were not exposed to external influences. DT-8820 digital dB meter is 

used as sound level meter. With this device, it is possible to measure 1 dB with 0.1 dB resolution 

in the 30-130 dB volume range. The heat transfer coefficient (W / mK) values of the bricks were 

determined by using the KEMQTM 500 device in the Geothermal Energy Research and 

Application Center laboratory of Izmir Institute of Technology (IYTE). In the first stage of the 
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brick sample production studies, optimization of production parameters (firing temperature, 

mixing time, water solids ratio, CMC additive amount and sample pressure ratio) without using 

natural binder was made in accordance with TS EN-771-1[9]. standards. Approximately 2 kg 

expanded perlite aggregate as the main raw material, chemical additives and water mixed with 

mechanical mixer for 30 minutes, 50x100x100 mm size is poured into dual molds. Bricks are 

produced in 1000 pieces with 370 gr in each chamber. The samples were cooked in a high 

temperature oven and made ready for experiments. An average of 20 samples were used in each 

experiment. 

 

3. Results And Dıscussıon 

 

The results obtained regarding the compressive strength and unit volume weight changes 

of the bricks produced by pouring into 50x100x100 mm size molds with the water / solid (s/k) 

mixing ratio of 1.0, 1.1 and 1.2 in the control sample mixture calculations. It was evaluated. The 

samples which were kept under laboratory conditions for one day were baked in the high 

temperature oven at 200, 300 and 400 °C for 1 hour and the changes in the unit volume weight 

(BHA) and strength values were recorded at each cooking temperature. At the firing temperature 

up to 500-600 °C, perlite used as the main raw material was burned and the strength values were 

found to decrease considerably. The cooking time was determined according to the information 

obtained from the experiments. In the experiments, the strength, unit volume weight and sonic 

velocity change values of the control sample produced to determine the water/solid ratio and firing 

temperature of the mixtures were found. According to the water solid (s/k) ratio and temperature 

change, unit volume weight is given in Figure 1, strength is given in Figure 2 and sonic velocity 

is measured in Figure 3. 

 

 
Figure 1. Change of temperature and BHA according to the s/k ratio of bricks 
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           Figure 

2. Strength according to s/k ratio of bricks       Figure 3. Sonic velocity to the s/k ratio of bricks 

According to the experimental results, ideal water/solid ratio and cooking temperature were 

determined. The samples which gave the highest strength and lowest unit volume weight values 

of the bricks produced as control samples were accepted as control samples. As a result of the 

studies, the unit volume weight values of the brick sample decreased with increasing firing 

temperature and increased proportionally with increasing water additive amount. In addition, it 

was determined that the strength values gradually decreased with increasing cooking temperature. 

Sonic velocity values increase in proportion to temperature increase. Samples cooked at a water 

solids ratio of 1 and 200 °C gave the best strength values. Since the bricks used in the building 

sector are not carriers but are used as dividing elements, high strength is not desired. However, it 

is very important to determine the heat transmission coefficient and sound permeability test results 

of the bricks produced and to compare the results obtained. For this purpose, the time-dependent 

heat and sound test results of the bricks are given in Figure 4. 

 

 
Figure 4. Heat transfer coefficients(W/mK) and sound passing loss(%) of bricks 

 

As a result of the experiments; It was determined that the heat conduction coefficient values 

of the bricks improved slightly over time and the thermal insulation values were the best in the 90-

day period. Likewise, sound insulation values increased slightly between 2-28 days and optimum 

value was reached on 90 day. 

 

4. Conclusıons 
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In this study, to determine the water/solid ratio and cooking temperature of the mixture, the 

mixture was poured into 50x100x100 mm size molds with a water / solid ratio of 1.0, 1.1 and 1.2. 

temperature, 1 hour baking time were evaluated. In addition, the firing temperature was increased 

up to 500-600 °C, but it was observed that perlite used as the main raw material burned and the 

strength values decreased considerably. Temperature and unit volume weight change according to 

water solids ratio of bricks; The lowest unit volume weight values were obtained from samples 

baked at 400 °C temperature (522.5 ± 48.3 kg/m3) with an s/k ratio of 1.0. It was determined that 

brick strength decreases with temperature increase and samples with 1.0, s/k ratio have reached 

the highest strength at 200 °C cooking temperature (8.1 kg/cm2) and strength value decreases with 

increasing firing temperature. It was determined that the heat conduction coefficient values of the 

bricks improved slightly over time and the thermal insulation values were the best during 90 days 

(0,12 w/mK).  
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Abstract 

 

In this study, the corrosion behaviors of AISI 420 5120 steel borided in Ekabor-II powder at a 

temperature of 950 ºC for 5 h were investigated in a 4% M HCI acid solution. The properties of 

the boride layer were evaluated by optical microscopy, X-ray diffraction, the micro-Vickers 

hardness tester. X-ray diffraction analysis of the boride layers on the surface of the steels revealed 

the existence of FeB, Fe2B and CrB compounds. The boride layer thickness on the surface of the 

AISI 420 steel was found to be 50.62 μm and 148.74 μm, respectively depending on the chemical 

composition of the substrates. 

 

Keywords: AISI 420, Boride layer, Micro-hardness, Corrosion 
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1. Introduction 

 

Martensitic stainless steels have been used in components operating under wear, corrosion 

andwear–corrosion conditions found in distillation towers, slurry pumps and mixers of chemical 

products. Martensitic stainless steels are hardenable by heat treatments, and are usually less 

resistant to corrosion than some other grades of stainless steel [1,2]. Therefore, there has been 

extensive research in recent years on the development of surface treatment processes to improve 

the wear resistance, corrosion and oxidation resistance of steels for high-temperature and 

highpressure applications. Industrial boriding processes can be applied to a wide range of steel 

alloys including carbon steel, low alloy-steel (AISI 5120), tool-steel and stainless-steel [3-8]. 

Thermal diffusion treatments of boron compounds used to form iron borides typically require 

process temperatures of 700 and 1000 °C. The process can be carried out in solid, liquid, gaseous 

or plasma media [8-11]. Because of their relatively small size and very mobile nature, boron atoms, 

can diffuse into substrate materials. The diffusion of B into steel results in the formation of iron 

borides (FeB and Fe2B) and the thickness of the boride layer is determined by the temperature and 

treatment time. The characteristics of this boride layer depend on the physical state of the boride 

source used, boriding temperature, treatment time, and properties of the borided material [12-15]. 

The corrosion of borided steels has not yet been explored extensively; only a few studies have 

been reported [16-18].  

In the present study, the corrosion resistance behaviors of borided AISI 420 steels in a 4% 

M HCI acid solution is examined. The purpose of the study is to explore whether iron boride 

diffusion coatings could protect steels from aggressive corrosion environments or not. 

 

2. Experimental details 

2.1. Boriding and characterization 

 

Table 1 presents the composition of the untreated AISI 420 steel. The test specimens were 

cut into Ø20x10mm dimensions, ground up to 1000G and polished using diamond solution. 

 

Table 1. The chemical composition of test materials (wt.%) 
Steels C Si Mn P S Cr Ni Mo 

AISI 420 0.2 0.45 0.85 0.03 0.02 13.5 - - 

 

Boriding heat treatment was carried out by using a solid boriding method with commercial 

Ekabor-II powders. All samples to be borided were packed in the powder mix and sealed in a 

stainless steel container. Boriding heat treatment was performed in an electrical resistance furnace 

under atmospheric pressure at 950 ºC for 5 h followed by cooling in air. The microstructures of 

polished and etched cross-sections of the specimens were observed under a Nikon MA100 optical 

microscope. The presence of borides formed in the coating layer was confirmed by means of X-

ray diffraction equipment (Shimadzu XRD 6000) using Cu Kα radiation. The thickness of borides 

was measured by means of a digital thickness measuring instrument attached to an optical 

microscope (Nikon MA100). Thickness values given in the results section are averages of at least 

8 measurements. The hardness measurements of the boride layer on each steel and untreated steel 

substrate were made on the cross-sections using a Shimadzu HMV-2 Vickers indenter with a 50 g 

load. 
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2.2. Corrosion test 

 

The acid solution used was 4% M HCI. The aforementioned cylindrical borided specimens 

andnon-borided specimens were weighted before immersion, with an accuracy of 0.01 mg. At 

specific time intervals the specimens were withdrawn from the solutions and weighted without any 

additional treatment. Thus, the weight loss in relation to the initially exposed surface was 

continuously recorded. The immersion tests were repeated 11 times and mean values were used 

for the acquisition of weight loss curves. Before and after each corrosion test, each sample was 

cleaned with alcohol. Corrosion surfaces were investigated by scanning electron microscopy 

(SEM) and energy-dispersive X-ray spectroscopy (EDS). 

 

3. Results and discussion 

3.1. Characterization of boride coatings 

 

The cross-section of the optical micrographs of the borided AISI 420 steel at the 

temperature of 950 ºC for 5 h are shown in Figure 1. As can be seen, the borides formed on the 

AISI 420 substrate have a smooth and flat morphology. It was found that the coating/matrix 

interface and matrix could be significantly distinguished and the boride layer had a columnar 

structure. The boride layer thickness on the surface of the AISI 420 steel was found to be 50.62 

μm and 148.74 μm, respectively, depending on the chemical composition of substrates. It was 

observed that the boride layer thickness reduced by increasing the amount of alloying element 

(especially by chromium). Since the atomic number of chromium is lower than that of iron it is 

more soluble in the boride layer. Chromium exerts a negative effect on the boride layer in terms 

of both thickness and morphology [19-20].  

In this study, the presences of borides were identified using XRD analysis, presented in 

Fig. 2. XRD patterns show that the boride layer consists of borides such as AB and A2B (A=Metal; 

Fe, Cr). XRD results showed that boride layers formed on the AISI 420 steel contained the FeB, 

Fe2B, CrB and FeB, Fe2B phases, respectively, as can be seen in Fig.2. The boride layers mainly 

consist of intermetallic phases as a result of the diffusion of boron atoms from the boriding 

compound to the metallic lattice with respect to the holding time. The properties of these boride 

layers are known to a large extent due to these phases. 
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Fig 1. The cross-section of borided AISI 420                   Fig 2. X-ray patterns of steel at 950 ºC for 5h. 

          steel at 950 ºC for 5h. 

 

 

 

 

3.2. Corrosion behavior 
 

Figures 4 show the EDS analyses carried out on the unborided AISI 420 steel after the 

corrosion tests. 

 

 
 

  Fig 4. EDS analyses after corrosion of the unborided steels surface in 4% M HCl solution, 

(a) AISI 420.    

 

Figures 5a show the EDS analyses of the AISI 420 steel before the corrosion test while 

Figures 5b show the EDS analyses after the corrosion tests. Figures 5b Show the EDS analyses 

carried out on the AISI 420 steel borided at a temperature of 950 ºC for 5 h, after the corrosion 

tests. Oxides were observed on the surface of the specimen after the corrosion test. Oxide peak 

intensities formed deeper down in the surface of the borided specimens compared to the unborided 

specimens. After the corrosion test, porosity and pits were observed to form on the borided 

specimen. The corrosion resistance of boron-coated steel usually depends on the characteristic 

features of coatings such as the number of microcracks and porosities.  
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Fig 5. EDS analyses of borided AISI 420 steel surface in 4% M HCl solution (a) before 

           corrosion, (b) after corrosion. 

 

4. Conclusions 

 

The boride layer thickness on the surface of the AISI 420 steel was found to be, 50.62 μm, 

respectively depending on the chemical composition of substrates. The multiphase boride coatings 

that were thermo chemically grown on the AISI 420 steel was constituted by the FeB, Fe2B, CrB 

and FeB, Fe2B phases, respectively. The surface hardness of the borided AISI 420 steel was in the 

range of 1854-2147 HV0,05, while for the untreated AISI 420 steel substrate it was 340 HV0,05. 

The corrosion resistances of the borided steels increased 8- fold. The superior properties of the 

AISI 420 steel, as well as corrosion properties,were improved by the boriding process 
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Abstract 

 

In this work, reaction rate values of Thorium target are calculated by using Tel and Levkovski’s 

formulas. In the present study (n,p), (n,α), (n,2n), (n,d) and (n,t) reactions at 14-15 MeV neutron 

energies are calculated. Total absorption cross section, absorption rate and mean free path of 232Th 

target nuclei are calculated. Obtained results are compared with each other and the new results of 
232Th target are contributed to literature. 

 

Keywords: 232Th, reaction rate, bsorption rate, mean free path 
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Indroduction 

Thorium is a chemical element with symbol Th and atomic number 90.   It was discovered by the 

Norwegian priest and amateur mineralogist Morten Thrane Esmark and identified by the Swedish 

chemist Jöns Jacob Berzelius,  who named it after Thor, the Norse god of thunder. Thorium is 

weakly radioactive: all its known isotopes are unstable, with the seven naturally occurring ones 

(thorium-227, 228, 229, 230, 231, 232, and 234) having half-lives between 25.52 hours and 

14.05 billion years. Thorium reserves are estimated to be three times higher than Uranium and 

Uranium replaced by Thorium in the future. The energy obtained from 0.78 tons of thorium is 

obtained from a simple calculation of the amount of power with 200 tons of Uranium. 

 

In this work the 232Th    target nuclei, (n,p), (n,α), (n,2n), (n,d) and (n,t) reactions at 14-15 MeV 

neutron energies are calculated using Tel and Levkovskis formulas. The total absorption cross 

section, absorption rate and mean free path  nuclei have been calculated.  Obtained results are 

compared with each other. 

 

Nuclear Reactıon Rate , Mıcroscopıc  and Macroscopic Cross Sections 

Nuclear reaction rate  is calculated by formula as, 

𝑅    =∝𝑙 . 𝐴. 𝑋. 𝑛. �̅�. 𝑁 [
𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛𝑠

𝑆𝑒𝑐𝑜𝑛𝑑
]                                                                           (1)     

Where; A , x, n ,v and N  are surface area , distance , neutron flux, number of target nuclei in 

volume,  respectively. 

And  a nuclear reaction geometry is shown  as figure 1, 

 

Fig 1.     Nuclear Reaction Geometry 
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Nuclear reaction rate   can be write as, 

    𝑅 = 𝜎. 𝐴. 𝑋. 𝑛. �̅�. 𝑁                                                                                        (2) 

Where ,    𝜎  is microscopical cross section in barn unit. 

1 [𝑏𝑎𝑟𝑛] = 10−24 [𝑐𝑚2] 

And macroscopical cross section 

∑ = 𝑁𝜎                                                                                                                          (3)                

We can write the reaction rate as form, 

𝑅 = 𝜙Σ                                                                                                                   (4)        

Where  ,     𝜙= n v     and    𝜙  is the neutron flux. 

 

 

 

Table 1.  (n,p) reaction cross section  sytematics at  14-15 MeV (in mb) 

Author             Energy (MeV)          Mass number              (n,p) Fomula                                         R2 

Levkovskii          14.0                40    A    202     AZNA /)(33exp)1(2.45 23/1       1.42      

Tel et al.   I        14 -15              17    A     239     14.56 (𝐴1/3 + 1)
2 
𝑒𝑥𝑝[−26.58𝑠]            0.807  

Tel et al.  II       14-15                Even-Z, Even-N          16.33 (𝐴1/3 + 1)2 𝑒𝑥𝑝[−26.17𝑠]       0.863   

                             14-15               Even -Z,  Odd-N        9.71 (𝐴1/3 + 1)2  𝑒𝑥𝑝[−21.87𝑠]          0.835 

                             14-15               Even-Z,  Even-N       7.31 (𝐴1/3 + 1)2  𝑒𝑥𝑝[−20.21𝑠]           0.788 

 

Table 2.  (n,𝛼) reaction cross section  sytematics at  14-15 MeV (in mb) 

Author        Mass number              
 (n,) Formula R2 

Levkovskii 30    A    150 
 AZNAn /)(33exp)1(1.18 23/1

,   
0.729 
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Tel et al.  I       20    A    209 𝜎𝑛,𝛼 = 16.15(𝐴1/3 + 1)2 𝑒𝑥𝑝[−33.01 𝑠] 
0.884 

 

 

 

Tel et al.  II 

Even-Z, Even-N 𝜎𝑛,𝛼 = 14.43(𝐴1/3 + 1)2 𝑒𝑥𝑝[−32.17 𝑠] 0.795 

Odd-Z, Even-N 𝜎𝑛,𝛼 = 17.93(𝐴1/3 + 1)2 𝑒𝑥𝑝[−34.04 𝑠] 0.951 

Even-Z, Odd-N 𝜎𝑛,𝛼 = 19.41(𝐴1/3 + 1)2 𝑒𝑥𝑝[−35.97 𝑠] 0.902 

 

Table 3.  (n,2n) reaction cross section  sytematics at  14-15 MeV (in mb) 

Author   Mass number               (n,2n) Formula 

   R2
 

Tel et al.         

14    A    241    ,2ln 7.43 1 1.71exp 24.99n n s        0.959 

Even-A  ,2ln 7.15 1 2.45exp 31.62n n s        0.921 

Odd-A    ,2ln 7.65 1 1.59exp 23.06n n s        0.981 

 

 

 

 

Table 4.  (n,𝑑) reaction cross section  sytematics at  14-15 MeV (in mb) 

Z N C a 𝝈(𝒏, 𝒙) = 𝑪𝝈𝒏𝒆𝒆𝒙𝒑[𝒂. 𝒔] 

Even Even 0,23 -32,04 σn,d = 0,23(A
1

3⁄ + 1)2exp [−33,04s] 

Even Odd 0,074 -16,44 σn,d = 0,074(A
1

3⁄ + 1)2exp [−16,44s] 

Odd  Even 1.74 -33,58 σn,d = 1,74(A
1

3⁄ + 1)2exp [−33,58s] 

 

Table 5. (n,𝑡) reaction cross section  sytematics at  14-15 MeV (in µb) 

Z N C a 𝝈(𝒏, 𝒙) = 𝑪𝝈𝒏𝒆𝒆𝒙𝒑[𝒂. 𝒔] 

Even Even 6,94 -13,41 σn,t = 6,94(A
1

3⁄ + 1)2exp [−13,41s] 

Odd Even 121,21 -20,54 σn,t = 121,21(A
1

3⁄ + 1)2exp [−20,54s] 
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Table 6.  Microscopical and Macroscopical  Cross Section  Calculations   𝑇ℎ90
232  Reactions 

𝑻𝒉𝟗𝟎
𝟐𝟑𝟐  𝝈𝑻𝒆𝒍 

(barn) 

𝝈𝑳𝒆𝒗𝒌𝒐𝒗𝒔𝒌𝒊 
(barn) 

∑𝑻𝒆𝒍 
(atom/cm) 

∑𝑳𝒆𝒗𝒌𝒐𝒗𝒔𝒌𝒊 
(atom/cm) 

(n,p) 2,375.10-3 1,4159. 10-3 0,0713.10-3 0,0424.10-3 

(n,𝜶) 0,5444.10-3 0,5660.10-3 0,0163.10-3 0,0169.10-3 

(n,2n) 1255.10-3 - 37,65.10-3 - 

(n,d) 5,6.10-3 - 0,168.10-3 - 

(n,t) 262,32.10-6 - 157,97.10-6 - 

Total 1,263 1,9819.10-3 0,0381 0,0593 

 

 

 

 

 

 

 

Table 7. Mean Free Path and Reaction Rate Calculations 

𝐓𝐡𝟗𝟎
𝟐𝟑𝟐  𝝀𝑻𝒆𝒍 

(cm) 

𝝀𝑳𝒆𝒗𝒌𝒐𝒗𝒔𝒌𝒊 
(cm) 

𝑹𝑻𝒆𝒍 
(𝒄𝒎−𝟑𝒔−𝟏) 

𝑹𝑳𝒆𝒗𝒌𝒐𝒗𝒔𝒌𝒊 
(𝒄𝒎−𝟏𝒔−𝟏) 

(n,p) 14025 23584 142,61. 106 85. 106 

(n,𝜶) 61274 59171 32,64.106 34. 106 

(n,2n) 26,56 - 75,3. 109 - 

(n,d) 5952 - 336.106 - 
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(n,t) 6330 - 315. 106 - 

Total 87,607. 103 82,755.103 7,6126.1010 119. 106 

 

 

Conclusions 

No experimental data available in literature, we obtained only the calculated theoretical results. 

These theorical results are agreement with each other. Tel formula can calculate (n2n), (nd) and 

(nt) while Levkovski formula can not.   The theoretical information obtained is important to obtain 

new information in the energy and shielding wall materials of nuclear reactors in the literature. 
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Abstract 

 

Modified UN method is applied to neutron transport equation in slab geometry for isotropic case 

and diffusion equation is obtained in accordance with Fick’s Law. Then diffusion coefficient’s 

values at thermal energy are calculated for certain moderators. Obtained results from modified UN 

method are compared with PN method results and ANL results. 

 

Keywords: UN Method, Thermal Energy, PN Method. 
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Introduction  

Nuclear power plants are used for generation electricity and also they have some 

disadvantages for human healthy. Designing a nuclear reactor is one the most important problem 

in nuclear reactor theory. Since neutron transport equation describes the neutron population and 

interactions throughout the system, it is quite important to solve this equation for the best designing 

of reactor .  In a nuclear reactor, since the neutrons which are responsible to maintain the fission 

chain reactions move in complicated paths, designing a nuclear reactor is difficult. To get this 

problem, it is necessary to be able to predict how the neutrons will be behaved throughout the 

systems. Also, since the neutrons in system repeated nuclear collisions, this problem became a 

more difficult case. To get a satisfactory solution, this problem can be solved with diffusion 

approximation. Diffusion approximation has the great advantage to predict many of the properties 

of nuclear reactors for example neutron transport and energy spectrum [1] and also it is widely 

used first estimates of reactor properties [2]. One of the main problems is in a nuclear reactor, 

calculation of the rates of different reactions of neutrons with the materials.  To calculate this, one 

has knowledge about nuclear cross sections and their energy dependence and also neutron 

distributions. The simplest and most widely used mathematical description of the neutron 

distributions in nuclear reactors is provided by neutron diffusion theory [1]. 

Many methods have been proposed and applied to variety of transport problems. Among 

them, spherical harmonics method (PN) is mostly use from many scientists. However ,Chebyshev 

polynomials of the second kind have been used in the last studies for calculating critical thickness, 

diffusion length from certain scientists [3,4]. 

 Recently, the workers showed that in their studies UN approximation gives quite coherent 

results with the widely used PN  approximation in literature. Bulbul et al. presented that the second 

kind of Chebyshev polynomials UN, for isotropic scattering in slab geometry with reflective 

boundary conditions can be applied to the neutron transport equation [4]. In this study, diffusion 

equation is solved with modified Chebyshev polynomial expansion and diffusion coefficients 

calculated for some moderators at thermal energy. The results obtained from U1 and P1 

approximations are given in the tables for comparison with ANL Reports results.  

 

Theory 

The time-independent linear transport equation for one-speed neutrons in a homogeneous 

slab with isotropic scattering can be written as, 

𝜇
𝜕𝜓(𝑥,𝜇)

𝑑𝑥
+ ∑

𝑇 𝜓(𝑥, 𝜇) =
∑ 𝑆

2
∫ 𝜓(𝑥, 𝜇′)

1

−1
𝑑𝜇′, −𝑎 ≤ 𝑥 ≤ 𝑎,−1 ≤ 𝜇 ≤ 1      (1) 

where (x,) is the neutron angular flux at position x traveling in direction , cosine of the angle 

between the neutron velocity vector and the positive x axis, ΣT is the total macroscopic cross 

section [5]. 

 In this work, in order to obtain diffusion coefficient, the angular flux is expanded in terms 

of the Chebyshev polynomials of second kind as mentioned in Introduction 
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𝜓(𝑥, 𝜇) =
2

𝜋
∑ 𝛷𝑛(𝑥)𝑁

𝑛=0 𝑈𝑛(𝜇), −𝑎 ≤ 𝑥 ≤ 𝑎,−1 ≤ 𝜇 ≤ 1          (2) 

with the orthogonality and recurrence relations of the Chebyshev polynomials of second kind [6], 

∫ 𝑈𝑛
1

−1
(𝜇)𝑈𝑚(𝜇)√1 − 𝜇2𝑑𝜇 =

𝜋

2
𝛿𝑛,𝑚        (3) 

𝑈𝑛+1(𝜇) − 2𝜇𝑈𝑛(𝜇) + 𝑈𝑛−1(𝜇) = 0,        (4) 

when Eq.(2) is defined into Eq. (1) one obtain the moment equations for n = 0 and n = 1, 

respectively; 

𝑑𝜑1(𝑥)

𝑑𝑥
+ ∑ 𝑇 𝜑0(𝑥) = ∑ 𝑆 𝜑0(𝑥) − 2∑ 𝑆 ∑

𝜑2𝑛(𝑥)

4𝑛2−1
∞
𝑛=1 ,          (5) 

𝑑𝜑𝑛+1(𝑥)

𝑑𝑥
+

𝑑𝜑𝑛−1(𝑥)

𝑑𝑥
+ 2∑ 𝑇 𝜑𝑛(𝑥) = 0       𝑛 ≥ 1           (6) 

 

 

 

 

Fick’s Law 

Diffusion theory is based on Fick’s Law which  was originally used to account for 

chemical diffusion and  this law relating to current to the gradient of the flux.  

𝐽 = −𝐷𝛻𝛷          (7) 

In the case of U1 approximation, a familiar equation known as Fick’s law is obtained by 

taking  

𝑑𝛷2 𝑑𝑥⁄ = 0          (8) 

Using Eq.(8) in Eq.(5) and Eq.(6), one obtain for the current equation for U1 approximation 

as 

𝛷1(𝑥) = −
1

2∑ 𝑇

𝑑𝛷0(𝑥)

𝑑𝑥
        (9) 

and from Eq.(9) one obtain diffusion coefficient relating with Fick’s Law, 

𝐷 =
1

2∑ 𝑇

           (10) 

Using absorption and scattering cross section values we get total macroscopic cross 

section values and then diffusion coefficient can be calculated.  

 

Results and Conclusion 
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In nuclear reactor, calculation of diffusion length and coefficient is quite important for the 

prediction neutron flux.  These calculations give general knowledge about reactor size and also 

reactor composition. Reactor components such as control rods, fuel rods, reactor vessel and 

moderators have a major importance in nuclear reactor theory calculations. In this study, Diffusion 

coefficients are calculated for certain moderators  at thermal energy using U1 and P1 

approximations. 

Table. Diffusion coefficients D for certain moderators at 0.0253 eV and comparison with ANL 

Report’s Values 

D U1 P1 ANL 

λtr/3 

(Glasstone) 

𝑯𝟐𝑶 0.14 0.09 0.16 0.10 

𝑫𝟐𝑶 1.10 0.73 0.87 0.74 

Be 0.65 0.43 0.50 0.43 

Graphite 1.31 0.87 0.84 0.87 
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Abstract 

 

Synthesis of new transparent conducting oxides are growing subject for last two decades. In this 

study, structural and electrical investigation of cosubstituted In2O3 were investigated. Moreover, 

phase diagram and solubility limit of Zinc and Titanium in Indium have discussed. Here, (2-3-4) 

ternary system of Indium oxide co-substituted with Zn+2 and Ti+4 (ITiZO) ceramics have been 

synthesis with high temperature solid state reaction method under O2 atmosphere. Furthermore, 

pellets of prepared samples structural investigation have been made by XRD and electrical 

properties measured with four-point probe method. It has been observed that increment substituent 

concentration leads to decrease of conductivity and formation of secondary phases. 

 

Keywords: XRD, substitution, In2O3, conducting oxide 
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1. Introduction 

Transparent Conducting Oxides (TCOs), Transparent conducting oxides are degenerately 

doped semiconductor oxides that are transparent to visible light[1, 2]. These cooccurring properties 

allow numerous applications, like flat-panel displays, photovoltaic devices, and light emitting 

diodes. The most popular TCOs incorporate In2O3:Sn (ITO), SnO2:F, and ZnO:Al[3-5]. Thin 

doped Indium dominates the market in high-end electronics with conductivities having about 

10,000 S/cm3. 

The specific simultaneity of electrical conduction and visible transparency come from unique 

structural characteristics. 

. TCOs have to satisfy the properties which are given below; 

  The oxide group of semiconductors should have a optical band gap of at least 3.1 eV and 

thin film forms of these oxides must transmit at least 85% visible light. 

  The metal oxide must be susceptible to degenerate doping so that the pure oxide can 

transition from a transparent oxide semiconductor to a metallic conductor. When carrier 

densities become greater than 2.6 ×1021 cm-3, however, the TCO exhibits plasma 

frequencies that move from absorbing infrared wavelengths to visible light. These 

absorptions in the visible range reduce the transparency of the TCO[6]. 

ITiZO name comes from -Indium-Titanium-Zinc Oxide.  

To better understand the equilibrium phases that form in the ITiZO multicomponent system, we 

first briefly review the three endpoints. ZnO takes the form of wurtzite[7]. In2O3 adopts the 

bixbyite structure[8]. TiO2 exists at ambient temperatures and pressures as one of two polymorphs: 

an anatase-like tetragonal structure or as a rutile-like tetragonal structure[9]. 

 

2.Experiments 

All ITiZO pellets were fabricated by high temperature solid state reactions. Two starting 

materials were prepared: one with a nominal composition of x moles of ZnO, 1-2x moles of In2O3, 

and x moles of TiO2 (designated ITiZO). Each mixture was poured into agate mortar and mixed 

for 1 hour using agate media and pressed into cylindrical pellets with diameters of 1/2 inch. The 

pellets were buried in extra powder in separate covered alumina crucibles which were each nested 
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inside of additional covered alumina crucibles to reduce the volatilization of substitutant. The 

pellets were furnaced at 1250°C for 12 hours with ramping rate of 20°C per minute[10, 11].  

 

3.Results and Discussion 

 

Figure 1-2 shows PXRD results of samples. Diffraction measurement are taken in between 

20°-70°and 1°/min. For XRD measurement, 222 peak for In2O3 is located at 30.56°[12]. Same 222 

peaks for ITiZO 10-20-30-40 are located 30.62, 30.74, 30.74 and 30.78 respectively. These results 

showed that Ti and Zn were successfully substituted into the structure[1, 13]. Moreover, 222 peaks 

were shifted to the higher angles[14-16]. 

 

 

Figure 13 PXRD graph for ITiZO 10-20-30-40 

Solubility range gather from X-ray Diffraction is above the 30% of atomic mass of In. Moreover, 

four most intense peaks location is similar with bixbyite I2O3.   
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Figure 14 PXRD results for Bixbyite In2O3 and Zn and Ti substitution 

 

Result from conductivity measurements are consistent with Zn and Ti doping. The highest 

conductivity of ITiZO10 samples around 50 S/cm3 at room temperature. For bulk samples 

conductivity values two order of magnitude lower than ITO thin films.  

 

4.Conclusion 

It has been presented that ZnO and TiO2 cosubstituted regard to In2O3 are very promising 

replacement to for ITO. Here phase relation of ZnO-In2O3-TiO2 system has been established 

successfully[17]. ITiZO has less amount of In2O3 than ITO which decreases the cost of this system 

dramatically. New TCO contains 30% less indium. However electronic properties of ITiZO have 

not succeeded ITO’s electronic properties. Thin film studies must be done of this ternary 

system[18, 19]. 
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Abstract 

 

In the present study, characterization properties of borides formed on stainless steel have been 

investigated. Boriding was performed in a solid medium consisting of Ekabor-II powders at 1073 

and 1273 K for 2 and 6 h. The boride layer was characterized by optical microscopy, X-ray 

diffraction technique and the micro-Vickers hardness tester. X-ray diffraction analysis of boride 

layers on the surface of the steels revealed the existence of FexBy, CrxBy and NixBy compounds. 

Depending on the chemical composition of substrates, the boride layer thickness on the surface of 

the stainless steel was found to be 91.62 μm, respectively. 

 

Keywords: Boronizing, Characterization, Stainless steel 
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1. Introduction 

 

Surface treatments are an important method used to improve the tribological properties, 

oxidation and corrosion resistance of engineering materials subjected to aggressive environments 

and strong wear conditions, which need surfaces with a high hardness and good corrosion 

resistance. Abrasive and adhesive wear occur in many industrial applications, leading to reduced 

component durability and performance. Due to its small atomic size, boron can diffuse into a 

variety of materials, such as ferrous materials, nickel alloys, titanium alloys, copper, and sintered 

materials. In industry, boriding is generally applied to ferrous alloys to improve their hardness and 

wear resistance [1-3]. The diffusion of boron in the crystal lattice of a ferrous alloy leads to the 

formation of FeB and Fe2B iron borides depending on process parameters including temperature, 

time, and the boron potential of the medium. The material alloy composition also plays an 

important role in the morphology and properties of the boride layer [4-7]. The main aim of present 

study, characterization properties of borides formed on stainless steel have been investigated. 

Boriding was performed in a solid medium consisting of Ekabor-II powders at 1073 and 1273 K 

for 6h. The boride layer was characterized by optical microscopy, X-ray diffraction technique and 

the micro-Vickers hardness tester.  

 

2. Material and Method 

 

The stainless steel essentially contained 0.09 wt.% C, 0.85 wt.% Mn, 12.65 wt.% Cr and 

0.75 wt.% Ni (DIN X12Cr13). The boriding heat treatment was carried out in a solid medium 

containing an Ekabor-II powder mixture placed in an electrical resistance furnace operated at the 

temperature of 1073K and 1273K for 6 h under atmospheric pressure. The presence of borides 

formed in the coating layer was confirmed by means of X-ray diffraction equipment  using Cu Kα 

radiation. The hardness measurements of the boride  layer using a Shimadzu HMV-2 Vickers 

indenter with a 100 g load. 

 

3. Results and Discussion 
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The cross-sections of the optical micrographs of the borided stainless steel at the temperature 

of 1073K and  1273K for 6 h are shown in Figure 1. As can be seen, the borides formed on the 

steel substrate have a smooth morphology due to higher alloy content. Depending on the chemical 

composition of substrates and boriding time, the boride layer thickness on the surface of the 

stainless steel ranged from 23.87 μm and 91.62 μm. It is seen in this study that the hot factor is the 

most effective factor increasing the boron layer. 

 

 

Figure 1. The cross-section of borided stainless steel a) 1073K-6h, b) 1173K-6h 

 

XRD results showed that boride layers formed on the steel contained the FeB, Fe2B, CrB 

and Cr2B compounds, see Fig. 2. sp 

 

 

Figure 2. X-ray diffraction patterns of borided stainless steel a) 1073K-6h, b) 1273K-6h 
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The hardness of the boride compounds formed on the surface of the steels ranged from 1638 

to 2126 HV0,1, whereas Vickers hardness values of the untreated the steels was 442 HV0,1. The 

hardness values of the boron steels increased due to the boron phases.  

 

 

Figure 3. The variation of hardness depth in the borided DIN X165CrMoV12 steel. 
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Abstract 

 

In the present study, tribological and characterization properties of borides formed on AISI 410 

steel have been investigated. Boriding was performed in a solid medium consisting of Ekabor-II 

powders at 1073 and 1273 K for 2 and 6 h. The hardness of the boride compounds formed on the 

surface of the AISI 410 steel ranged from 1745 to 2128 HV0,1, whereas Vickers hardness values 

of the untreated steel AISI 410 was 328 HV0,1. The wear tests were carried out in a ball-disc 

arrangement under a dry friction condition at room temperature with an applied load of 10N and 

with a sliding speed of 0.35 m/sec at a sliding distance of 1000m. The wear surfaces of the steel 

were analyzed using a SEM microscopy and X-ray energy dispersive spectroscopy EDS. It was 

observed that the wear rate of unborided and borided AISI 410 steel ranged from 10.43 to 102.36 

mm3/Nm. 
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1. Introduction 

 

Boriding is a thermochemical surface treatment, in which boron atoms diffuse into the 

surface of a workpiece to form borides with the base material. Main advantages of this technique 

are leading to high strength of abrasion wear and high oxidation resistance compared with other 

conventional surface treatments. Thermal diffusion treatments of boron compounds used to form 

iron borides typically require process temperatures of 700 and 1000°C [1-4]. The process can be 

carried out in solid, liquid, gaseous or plasma medium 10-14. In recent years, boriding treatment 

was being used for a wide range of applications in industries such as the manufacture of machine 

parts for plastics and food processing, packaging and tooling, as well as pumps and hydraulic 

machine parts, crankshafts, rolls and heavy gears, motor and car construction, cold and hot 

working dies and cutting tools. The wear behavior of borided steels has been evaluated by a 

number of investigators [5-9]. The main objective of this study was to investigate the effect of the 

boriding process on wear behavior of borided AISI 410 stainless steel. Wear properties was 

investigated using optical microscopy, XRD, SEM, EDS, microhardness tests and a ball-on-disc 

tribotester 

 

2. Material and Method 

 

The AISI 410 stainless steel essentially contained 0.09 wt.% C, 0.85 wt.% Mn, 12.65 wt.% 

Cr and 0.75 wt.% Ni. The boriding heat treatment was carried out in a solid medium containing an 

Ekabor-II powder mixture placed in an electrical resistance furnace operated at the temperature of 

1073K and 1273K for 2 and 6 h under atmospheric pressure. To perform friction and wear of 

borided samples a ball-on-disc test device was used. In the wear tests, WC-Co balls of 8 mm in 

diameter were used. The wear experiments were carried out in a ball-disc arrangement under a dry 

friction condition at room temperature with an applied load of 10N and with sliding speeds of 0.35 

m/s at a sliding distance of 1000 m. 

 

3. Results and Discussion 
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Table 1 shows the surface roughness values of the borided and unborided stainless steel 

steel. The surface roughness values of the unborided and borided stainless steel varied from 0.12 

to 0.38, as can be seen in Table 1.  

 

Table 1. Surface roughness values of the unborided and borided steel 

Unborided 

 Borided           

800ºC-

2h 

800ºC-

6h 

1000ºC-

2h 1000ºC-6h 

0.12 0,23 0.27 0.31 0.38 

 

On the other hand, the friction coefficients of the unborided and borided stainless steel 

varied from 0.38 to 0.65, as can be seen in Table 2. With the boriding treatment, a slight reduction 

was observed in the friction coefficients of the borided steels. 

 

Table 2. The friction coefficients of the unborided and borided steel 

Unborided 

   Borided  

800ºC-

2h 

800ºC-

6h 

1000ºC-

2h 1000ºC-6h 

0.65 0,33 0.38 0.44 0.51 

 

 

Figure 1 shows the wear rate of the unborided and borided stainless steel. Reductions in 

the wear rates of the borided steels were observed according to the unborided steels. The lowest 

wear rate was obtained in the steel borided at 1000 ºC for 6 hours while the highest wear rate was 

obtained in the unborided steel. The wear test results indicated that the wear resistance of borided 

steels increased considerably with the boriding treatment. It is well known that the hardness of the 

boride layer plays an important role in the improvement of wear resistance. 
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Figure 1. The wear rate of unborided and borided stainless steel. 

 

The SEM micrograph of the worn surfaces of the borided stainless steel is illustrated in 

Figure 2. In Fig. 2a, the worn surface of the borided steel was rougher and coarser wear debris was 

present. There were micro-cracks, delamination layer and wear, grooves, cracks and abrasive 

particles on the worn surfaces of the boride coatings (Figure 2b). In the wear region of borided 

stainless steel, there were cavities probably formed as a result of layer fatigue and cracks concluded 

in delaminating wear. 

 

Figure 2. SEM micrographs of the wear surfaces of the borided steel: a) 850ºC-2h, b) 1000ºC-6h 
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Abstract 

 

In this study, the surface properties of plasma paste boronized titanium were investigated. 

Boronizing in titanium plasma, which is widely used in industry, was carried out in 80% Ar - 20% 

H2 gas mixture at 800ºC for 4 hours under 5 mbar pressure. The boride layers, X-ray diffraction, 

SEM and microhardnesses were obtained. As a result of X-ray analysis, TiB and Ti2B layers were 

formed on the surface of titanium. The plasma boronizing process has been successfully carried 

out at a lower temperature than the traditional boronizing methods. 

 

Keywords: Titanium, Plasma Paste Boronizing, XRD 
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1. Introduction 

 

The boriding process is a thermochemical surface hardening treatment used to harden the 

surfaces of metallic parts.This thermochemical process can be applied to both ferrousand 

nonferrous alloys in the temperature range 700–1000°C for a time duration of 0.5 to 10 h. As a 

consequenceof this treatment, a boride layer is formed by thermo-diffusion [1].The resulting 

metallic boride layer yields a high surfacehardness,  good  tribological  properties  and  

moderateoxidation resistance at high temperature. Particularly,the morphology of boride layers in 

the ferrous alloysdepends upon the alloying elements present in the matrix.Amongst boriding 

techniques, the powder-pack borid-ing is the most widely used one because of its simplicity 

andcost-effectiveness.The boriding process is widely employed in variousindustrial sectors, such 

as chemical industry, textileindustry, agriculture, mechanical industry and railwaytransport. 

Dimensional changes induced by boriding areabout one third of the layer thickness in tool steels 

becauseof the increase in volume of boride layer [2-4]. In this study, surface properties (SEM, 

XRD and microhardness) of boronized titanium with plasma paste were investigated. 

 

2. Material and Method 

 

In the experimental study, cylindrical pure titanium alloy with dimensions of 15x8 mm were 

used. Titanium and Ti6Al4V alloy were boronized by plasma cake boring method under 5 mbar 

pressure at 800ºC for 4 hours in 80% Ar - 20% H2 gas mixture under vacuum. Materials and 

devices used in the experiment are given in Figure 1. 
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Figure 1. Materials and device used in the experiment 

Plasma paste boronized specimens were cut from the section with SiC cutting disc and 

passed through 240-1000 grit SiC sandpaper and polished in 0.1 µm alumina suspension. 

Metallographically prepared samples were etched with 3% nital. The analysis of the phases formed 

on the steel surface was carried out using CuKɑ radiation with the help of X-ray diffraction 

(Shimadzu XRD – 6000). The hardness values of the samples are 50 gr. In Vickers microhardness 

tester (Shimadzu HM-2). measured under load. 

 

3. Results and Discussion 

 

3.1 Surface Characterization 

Figure 2 shows the SEM cross-sectional microstructure of plasma paste boronised pure 

titanium. As a result of boring process, 9 µm boride layer was obtained in pure titanium. In the X-

ray diffraction analysis, TiB and Ti2B phases were obtained by plasma piecing in Figure 3. 

 

 
 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

 

 

 

   

Figure 1. Plasma paste boronized pure Titanium SEM microstructure for 4 hours at 800ºC 

 

As a result of the metallographic investigations, it was observed that the coating / matrix 

interface and the matrix were distinctly separated from each other and the boride layer had a 

colonic structure. As a result of plasma cake boring process at 800C for 4 hours, surface hardness 

value of was obtained in pure titaniumum 3284 HV0.05. 
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Figure 2. XRD pattern of plasma cake boronized Titanium for 5 hours at 800ºC 
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Abstract 

 

In recent years, with the increased focus on climate protection and sustainable environmental 

management electric vehicles have become an alternative to conventional motorized vehicles. 

Some of car manufacturers focused on electric vehicle as well as conventional vehicles and also 

some of national governments promote electric vehicles. Electric vehicles have some limitations 

such as lower drive range, lower power etc. but they have many important advantages such as zero 

emissions, low running cost ect. 

Due to the lower range or battery power electric vehicles need frequently charging. Charging an 

electric vehicle can be done at a variety of charging stations, these charging stations can be 

installed in both houses and public areas. In the current study it was investigated where electric 

vehicle charging stations should be installed. With regard to the daily activities of car users, 

potential positions for charging station were determined using GIS. Frequently visited areas, 

frequently used roads, large car parks etc. data were collected. Euclidian distance analysis was 

done layer by layer and obtained raster layers was overlaid according to their weight and potential 

charging locations were determined. 

 

Keywords: Electric vehicles, Charging station, GIS 
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1. Introduction 

 
Traffic emission, especially road-based transport emission emissions is one of the most 

important factor that threatens nature and human. Electric vehicles (EV), a promising solution for 

reducing vehicle emissions and carbon based fuel dependence (Riemann et al., 2015). Nowadays 

despite EV being highly efficient, they account for less than 1% of total vehicles in most countries 

(Lévay et al., 2017). According to the Agrawal et al., (2016) electrical energy convert 59–62% of 

to driving power without producing tailpipe pollutants, while conventional vehicles only utilize 

17–21% of the energy stored in gasoline.  

Charging points location is an important obstacle EV marktes. Some of studies have shown 

that, if a publicly available and compatible EV charging network exists in a cities, potential EV 

market share could grow up to 5.5 times faster (Dong et al., 2014). Charging facility/point location 

problem is important for EV seek the optimal location of charging facilities to minimize 

construction and transportation costs, while considering other factors. With the development of 

charging technology and the growing popularity of EV (Frade et al., 2011). Electric vehicle 

charging stations can be called EV charging station, charging point, charge point, electric 

recharging point, ECS (electronic charging station), and EVSE (electric vehicle supply 

equipment), this stations are the elements in an infrastructure that supplies electric energy for the 

recharging of plug-in electric vehicles.  

Electric vehicles market is growing up, it is astimeted that approximately 120 milyon electric 

vehicles could be on the road by 2030 (Figure 1). 
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Figure 1. Electric-vehicle adoption base case, million (URL 1) 

 
 

Charging an electric vehicle can be done at a variety of charging stations, these stations can 

be installed in both houses and public areas. In the current study it was investigated where electric 

vehicle charging stations should be installed. With regard to the daily activities of car users, 

potential positions for charging station were determined using GIS.  

 
2. Material and Method 

 

 
Figure 2. Study area 

 

 

  

Figure 3. Atakum district and selected factors 

 

 

2.1. Distance Analysis  
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Distance analysis is one of the most frequently used spatial analysis which is investigate the 

distances between the object in GIS. Distance analysis based on graph theory which measures, and 

compares graphs or networks such as buffer analysis, network analysis. In this study, Euclidean 

distance analysis is used. Euclidean distance analysis calculates the distance between two points 

as a linear line and. Vector or raster data can be used in an euclidean distance analysis, after the 

analysis the distance of the existing source data to other details is measured and a raster data is 

obtained as output. This output data is a raster layer and in each cell stores the distance from source 

detail data to other data as a cell value. 

In this study frequently visited areas, frequently used buildings which are shopping center, 

hospitals, public organizations, schools, parks/green areas, large housing sites, and tram stations 

data were collected. Euclidian distance analysis was done layer by layer (Figüre 4-10) and obtained 

raster layers was overlaid (Figure 11) and potential charging locations were determined (Figure 

13).  

 

 

  
Figure 4. Shopping centers euclidean distance 

analysis 

 

Figure 5. Hospitals euclidean distance analysis 
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Figure 6. Tram stations euclidean distance 

analysis 

 

Figure 7. Public organizations euclidean distance 

analysis 

 

  
Figure 8. Schools euclidean distance analysis 

 

Figure 9. Parks/Green Areas euclidean distance 

analysis 
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Figure 10. Houses euclidean distance analysis 

 

Figure 11. Sum of all factors euclidean distance 

analysis 

 

 

The value of each cell is the total weighted distance data, determined according to the 6 criteria. 

When determining the locations of the collection stations according to this data the following 

parameters are taken into consideration  

 

 

 

 

Figure 12. Classified sum of all factors euclidean 

distance analysis 

 

Figure 13. Determined Car Charge Points 

 

 

3. Results 
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In recent years, with the increased focus on climate protection and sustainable environmental 

management EVs have become an alternative to conventional motorized vehicles. Some of car 

manufacturers focused on electric vehicle as well as conventional vehicles and also some of 

national governments promote electric vehicles. Electric vehicles have some limitations such as 

lower drive range, lower power etc. but they have many important advantages such as zero 

emissions, low running cost ect. Widespread EV charging station positively affects the use of 

electric vehicle and also preserving environment. 
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Abstract 

 

Schools are expected to both preserve and maintain the existing culture of the society, as well as 

to develop and change the society in which they live. For this reason, schools need to be active 

and dynamic structures. This dynamism is made possible by the establishment of adequate physical 

spaces in the schools. This study provides a framework for determining the spatial adequacy levels 

of the existing school areas in the province of Giresun. For this purpose, spatial adequacy analyzes 

were conducted on data such as school locations, campus area sizes, school quota numbers and 

accessibility criteria. As a result of the study, it was determined that the school areas in the region 

were insufficient in terms of spatial standards and various suggestions were presented. 

 

Keywords: spatial size, suitability analyze, school facility areas 
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1. Introduction 

 

School sites are an essential element of the educational process and children spend most of their 

time outside their homes. Well-established, systematically designed, robust and efficiently 

operated schools contribute to the development of society. Schools are expected to both preserve 

and maintain the existing culture of the society, as well as to develop and change the society in 

which they live. For this reason, schools should be moving and dynamic. This dynamism is 

possible through the creation of adequate physical spaces in schools. Education is a process of 

social accumulation involving an elite, controlled environment and school activities to ensure one's 

social abilities and personal development (Arr. 1978). With this aspect, the success of a permanent 

learning in the education process involving learning and teaching environments necessitates an 

effective space design. 

 

It is known that the decisions of site selection and the spatial characteristics of the education facility 

areas in the city affect the quality of the education service carried out and also produce important 

results in terms of child development (Mahmood and Khalifa 1978; Yenice, 2013). The spatial 

size of the educational facilities, the number of classrooms, the number of students are related to 

each other. In addition, a training facility location is planned; it is important that the location of 

the school building in a particular site is directly benefited from solar energy recovery and the 

corresponding improvement in the internal school environment and the optimal cost of daylight 

through reduced building operating costs. It should also be ideally located between east and south 

to benefit from solar gains. This maximizes solar gains early in the morning and reduces the 

possibility of overheating in the afternoon. 

 

For the single-storey primary school buildings, 0.77 hectares in schools with 4-8 classes, 1.14 

hectares in schools with 8-16 classes, 1.6 hectares in schools with 16-24 classes, 2.2 in schools 

with 24-32 classes hectares of land is recommended to be designated as a school location (URL-

1, 2019). 

This research has examined the primary education facility areas in the province of Giresun in terms 

of spatial adequacy. With these studies, the effective and on-site usability of the opportunities for 

urban population to benefit from the primary education facility areas at the neighborhood level 

was tested. In this context, multi-criteria decision support analysis (MCDA) and Geographic 

Information System (GIS) are integrated into the decision-making process to improve the quality 

of solution in school site selection, and to direct the decision decisions. 

 

2. Study Area 

 

Our study area is the primary and secondary schools in the city center of Giresun. School areas in 

the city center were analyzed and their suitability assessed (Figure 1). 
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Şekil 1. Study area. 

 

3. Materyal ve Method 

 

A method based on the analysis of the quantitative data obtained from primary and secondary 

school facilities in Giresun province with the help of multi-criteria decision-making analysis and 

GIS was followed. For this purpose, firstly, it is aimed to determine the existence of primary and 

secondary school facilities in Giresun province in  spatial terms. At this stage, the data bundle 

including the locations of primary and secondary schools in Giresun, their building floor areas, 

garden area and total primary school area size values and the number of students; It is defined in 

a database created through GIS. The second stage of the study is to examine the primary and 

secondary school facilities in Giresun province and neighborhood level in terms of per capita area 

values and spatial size. The third stage is to evaluate the existence of primary and secondary school 

facilities in Giresun within the framework of accessibility criteria at neighborhood level. 

 

4. Results 

 

According to the population register based on the results of the Turkey Statistical Institute 

addresses separated according to the five-year age group population data Giresun city center and 

neighborhood locations are determined and are given in Table 1. 
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Table 1. Neighborhood-based population data of Giresun province

 
* Age groups with a total number of observations less than 15 were hidden with the "C" symbol. 

 

The standards and minimum area sizes related to minimum social and technical infrastructure 

areas in different population groups of the General Directorate of Spatial Planning of the 

Ministry of Environment and Urbanization are given in Figure 2. 

 

 
Figure 2. Minimum Area Sizes (URL-2, 2019) 

latitude longitude 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65+

Giresun AKSU 40.903853 38.436874 552 444 466 696 569 536 614 576 505 420 442 326 317 489

Giresun ÇINARLAR 40.917688 38.390926 133 249 251 272 298 208 209 251 257 232 258 227 163 366

Giresun ÇITLAKKALE 40.904944 38.364245 742 760 743 850 822 935 859 908 827 760 802 669 525 845

Giresun FEVZİ ÇAKMAK 40.911210 38.383485 273 252 284 280 337 396 316 287 286 258 290 222 142 272

Giresun GAZİLER 40.916653 38.323426 164 164 144 852 1494 308 206 237 232 179 201 172 158 193

Giresun GEDİKKAYA 40.909988 38.417092 805 720 687 638 552 807 952 945 796 632 658 557 449 579

Giresun GEMİLERÇEKEĞİ 40.912570 38.403691 443 443 432 554 546 618 612 642 489 454 565 503 389 683

Giresun GÜRE 40.915262 38.330395 89 112 92 154 123 69 94 141 128 98 99 81 69 94

Giresun HACI HÜSEYİN 40.916661 38.394892 341 597 447 480 472 477 560 591 529 468 492 444 365 658

Giresun HACIMİKTAT 40.915135 38.384962 125 181 160 200 211 186 211 210 196 192 187 171 140 256

Giresun HACISİYAM 40.913309 38.377684 563 485 559 828 885 790 754 756 715 696 695 641 461 1010

Giresun KALE 40.920884 38.388224 71 111 153 214 397 140 111 128 153 131 115 114 93 190

Giresun KAPU 40.917349 38.387928 48 113 148 111 123 87 93 140 131 95 95 93 55 153

Giresun KAVAKLAR 40.906449 38.404423 357 354 331 624 741 451 458 480 377 371 338 341 271 462

Giresun KAYADİBİ 40.886570 38.399823 37 41 46 68 56 52 63 73 62 79 72 83 90 206

Giresun NİZAMİYE 40.913349 38.388373 229 310 255 298 319 298 334 346 284 297 288 266 202 369

Giresun OSMANİYE 40.914367 38.392826 190 220 185 313 296 289 250 265 262 228 253 240 169 323

Giresun SAMANLIKKIRANI 40.897364 38.407952 C C C 18 18 16 15 23 25 23 27 27 34 68

Giresun SELDEĞİRMENİ 40.904899 38.381213 225 143 180 150 146 193 275 242 172 136 142 137 82 157

Giresun SULTAN SELİM 40.918298 38.383156 C 15 32 30 38 30 28 27 18 32 41 31 17 41

Giresun ŞEYHKERAMETTİN 40.916495 38.386841 29 58 48 157 112 52 65 58 50 62 68 59 36 97

Giresun TEYYAREDÜZÜ 40.911066 38.338400 912 874 871 1159 1312 1048 1206 1288 1118 865 778 717 560 767

Giresun AYDINLAR 40.911479 38.445340 45 56 28 39 37 53 62 45 37 21 44 40 35 51

Giresun ERİKLİMAN 40.922368 38.315946 82 65 50 272 185 80 79 68 50 49 57 50 35 109

Giresun ÇAYKARA 40.882924 38.427485 76 68 73 88 79 84 87 75 70 89 109 70 69 133

Giresun KÜÇÜKKÖY 40.903485 38.447573 35 44 55 67 59 66 47 49 55 55 69 55 42 80

Giresun YALI 40.925105 38.307687 20 C C 16 27 29 24 18 C 32 32 47 15 65

Giresun HOMURLU 40.832068 38.466165 147 170 199 234 147 127 149 186 227 180 149 100 84 142

Giresun KONACIK 40.839321 38.471921 280 340 352 341 293 255 295 337 365 312 254 213 169 262

Giresun TEKKE 40.837451 38.471245 197 212 222 195 133 139 167 244 230 146 143 95 76 157

Giresun ÇAĞLAYAN 40.798483 38.455968 83 83 76 80 57 64 66 103 81 83 72 54 46 89

Province District
age grouplocation
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10 elementary schools, 13 secondary schools and 17 high schools were identified in 16 

neighborhood levels that make up the city center of Giresun (Table 2). When the number of 

students and their areas were compared, it was found that 4 out of 10 primary schools, 4 out of 13 

secondary schools and 8 out of 17 high schools fully met international and national criteria. 
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Table 2. Neighborhood based school areas in Giresun province.

 

School Name

building 

area (m²)

Annex

(gym etc.) (m²)

garden area 

(m²)

total area 

(m²)

                               AKSU District                    Y (m)             X (m)

ABACIBÜKÜ İLKOKULU 780.00                              - 4525.55 5305.55 452652.7760 4530933.5910

ZÜBEYDE HANIM MESLEKİ VE TEKNİK ANADOLU LİSESİ 1720.00 630.00 3812.02 6162.02 452866.7900 4531008.4000

NURETTİN CANİKLİ İMAM HATİP LİSESİ 1540.00                              - 3780.00 5320.00 452924.7350 4530900.7110

15 TEMMUZ ŞEHİTLER AKSU ANADOLU LİSESİ 1000.00                              - 2243.00 3243.00 452771.2710 4530620.7410

15 TEMMUZ ŞEHİTLER İMAM HATİP OKULU 550.00                              - 835.79 1385.79 453011.1810 4530627.2770

ŞEHİT HAKAN GEMİCİ ORTAOKULU 830.00 1345.00 5448.90 7623.90 452672.3290 4530159.9720

FEN LİSESİ 1233.00 1660.00 452440.9620 4529198.6230

SOSYAL BİLİMLER LİSESİ 880.00 2529.00 452443.0840 4529005.9370

GÜZEL SANATLAR VE SPOR LİSESİ 1607.00                              - 452475.2110 4528921.3840

                           ÇINARLAR District

GİRESUN LİSESİ 800.00 300.00 4040.00 5140.00 448846.8510 4532061.7870

MEHMET AKİF ERSOY ORTAOKULU 565.00 170.00 2365.00 3100.00 448909.4330 4532026.0890

HURŞİT BOZBAĞ KIZ ANADOLU İMAM HATİP LİSESİ 1165.00                              - 2160.00 3325.00 448797.8290 4531808.0720

                          ÇITLAKKALE District

ÇITLAKKALE İMAM HATİP ORTAOKULU 880.00                             - 2514.00 3394.00 445733.5110 4530541.4660

NAMIK KEMAL İLKOKULU 1100.00                             - 1700.00 2800.00 446207.7740 4530679.5030

ÇITLAKKALE ANAOKULU 1165.00                             - 3015.00 4180.00 446750.5320 4530457.2720

                           ERİKLİMAN District

YEŞİL GİRESUN MESLEKİ VE TEKNİK ANADOLU LİSESİ 1385.00 625.00 4064.51 6074.51 442328.6410 4532567.1910

                        FEVZİ ÇAKMAK District

23 NİSAN İLKOKULU 900.00                             - 2440.00 3340.00 448014.1700 4531187.9840

                             GAZİLER District

GÜRE İMAM HATİP ORTAOKULU 850.00                             - 2950.00 3800.00 442703.0000 4531768.8170

ATATÜRK MESLEKİ VE TEKNİK ANADOLU LİSESİ 500.00                             - 650.00 1150.00 442741.0630 4531798.2290

HAMDİ BOZBAĞ ANADOLU LİSESİ 3100.00                             - 3500.00 6600.00 442776.9010 4531839.9990

MİMAR SİNAN ANADOLU LİSESİ 630.00                             - 2570.00 3200.00 442832.5120 4531791.0610

EĞİTİLEBİLİR ENGELLİLER OKULU 1400.00                             - 1765.00 3165.00 442916.1900 4531984.6820

                        GEDİKKAYA District

GEDİKKAYA ORTAOKULU 1140.00                             - 4985.59 6125.59 450756.7510 4531350.2900

GEDİKKAYA ANAOKULU 365.00                             - 451206.3480 4531139.7030

ŞEHİT İSA YÜKSEL İLKOKULU 730.00                             - 451259.2980 4531177.4050

125. YIL MESLEKİ VE TEKNİK ANADOLU LİSESİ 1450.00 2630.00 27081.43 31161.43 451148.8300 4530603.3450

                    GEMİLERÇEKEĞİ District

MİTHAT PAŞA ORTAOKULU 690.00                            - 2068.00 2758.00 449324.3800 4531478.1230

                      HACI HÜSEYİN District

YEŞİLGİRESUN İLKOKULU 920.00                            - 1715.00 2635.00 448997.9380 4531719.4830

                       HACI MİKTAT District

MESLEKİ VE TEKNİK ANADOLU LİSESİ 5100.00                            - 3300.00 8400.00 448089.4850 4531461.2630

                        HACISİYAM District

ATATÜRK ANADOLU LİSESİ 1605.00                            - 7285.00 8890.00 447246.6190 4531054.7050

KANUNİ ORTAOKULU 535.00                            - 1995.00 2530.00 447279.2920 4530960.3980

HURŞİT BOZBAĞ KIZ ANADOLU İMAM HATİP LİSESİ 645.00                            - 965.00 1610.00 447553.5490 4531044.3030

ABDULLAH BOZBAĞ İLKOKULU 515.00                            - 635.00 1150.00 447602.3810 4531084.1300

                              KAPU District

CUMHURİYET ORTAOKULU 1100.00                            - 2485.00 3585.00 448496.0540 4531807.1220

                         KAVAKLAR District

FATİH MESLEKİ VE TEKNİK ANADOLU LİSESİ 680.00                            - 3170.00 3850.00 448908.0570 4531262.8250

ŞEHİT İSMAİL BAY ÖZEL EĞİTİM VE UYGULAMA OKULU 215.00                            - 5155.00 5370.00 449922.9290 4529938.0670

15 TEMMUZ ŞEHİTLER İMAM HATİP ORTAOKULU 1120.00                            - 11740.00 12860.00 450023.7250 4530501.4000

ÇOTANAK İLKOKULU 860.00                            - 2458.00 3318.00 449212.9820 4531245.9200

75. YIL ANAOKULU 1000.00                            - 1420.00 2420.00 449198.2320 4531195.8450

                          KAYADİBİ District

KAYADİBİ İLKOKULU 500.00                             - 2085.00 2585.00 448844.6480 4528630.0460

                         NİZAMİYE District

GAZİPAŞA İLKOKULU 860.00                             - 2720.00 3580.00 448513.5200 4531542.9080

MUSTAFA KEMAL ORTAOKULU 1145.00                             - 6705.00 7850.00 448463.7900 4531282.7910

FINDIK YURDU ANAOKULU 700.00                             - 300.00 448476.8110 4531228.8600

                     TEYYAREDÜZÜ District

19 EYLÜL İLKOKULU 2200.00 580.00 5620.00 8400.00 443912.2760 4531545.4150

24 KASIM ANAOKULU 250.00                              - 650.00 900.00 444666.2900 4530995.5140

TEYYAREDÜZÜ ORTAOKULU 740.00                              - 2610.00 3350.00 444719.9520 4531000.2120

Giresun/Center (primary,

middle, high school)

4936.15

49085.09

     location (m)
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5. Conclusion 

 

This research emphasizes the importance of minimum area size per student as well as the size of 

ideal area per student, as well as the criteria of ideal facility size in terms of measuring the spatial 

adequacy of primary education facility areas. As a result of the investigations made within the 

scope of spatial adequacy and accessibility indicators and analysis on the analytical maps 

produced; It has been determined that the majority of the primary and secondary school facilities 

in Giresun do not provide minimum area values and high school areas can meet minimum criteria 

of approximately 50%. 
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Abstract 

 

Turkey’s annual biomass potential is about 120 million tons and the total biomass energy potential 

is about 36 Mtoe. The amount of usable biomass potential of Turkey is approximately 18 Mtoe. 

Turkey has the potential to produce 6.0 million tons of wood pellet has approximately 1480 million 

dollars of market value by the help of existing woody biomass. Ukraine has the potential to 

increase renewable energy use tenfold from 87 PJ in 2009 to 870 PJ of the total final renewable 

energy in 2030. Out of this, 73% is accounted for heat, 20% by electricity generation, and 7 % by 

transport. Nearly 80% of this total comes from biomass technologies, power generation, and 

transport fuels. In Ukraine, annual imports of 150-750 TWh of primary energy would be needed 

to meet the country’s targets. These imports will probably be in the form of pellets for the most 

part, due to their lower transport costs. The volumes above correspond to between 30-150 million 

tons of pellets for Ukraine. 

 

Keywords: Biomass, forest biomass, woody biomass 
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1. Introduction 

Global biomass potential is huge and its usage will increase dramatically in becoming years. World 

population in 2014 was 7.2 billion and is expected to increase close to 10 billion by 2050. Global 

warming and non-food and waste biomass utilization is seeing as one of the solutions for global 

challenges.It was estimated that current sustainable global bioenergy potential is 104 EJ/year. 

Bioenergy usage is still 38 % of sustainable energy potential.Current average global energy 

consumption is about 490EJ/year (1 EJ = 24 Mtoe).Global scenarios predict bioenergy potential 

from 120 EJ/year to 210 EJ/year By 2050 [1-4]. 

The woody biomass came from two sources which are forest biomass and agro biomass. 

Current global sustainable forest biomass energy potential is about 42 EJ/year.It is predicted that 

global forest biomass potential can be 30 EJ/year by 2050 (see Figure 1).Current global sustainable 

agro biomass potential is about 54 EJ/year.It is predicted that global agro biomass potential can be 

104 EJ/year by 2050 (see Figure 2) [1-4]. 

 

 

Figure 1. Global forest biomass potential & usage (EJ/year) (1 EJ = 24 Mtoe). 
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Figure 2. Global agrocultural biomass potential & usage (EJ/year). 

 

Biomass is a renewable energy source where solar energy, nutrients from the soil, water 

and CO2 from the atmosphere produce by photosynthesis food, feed, construction material and 

energy in the so-called bioeconomy. The challenge will be to expand this bioeconomy; to produce 

more resources in a sustainable way, but also to use these resources more effective and efficient. 

New and existing products of the bioeconomy can provide energy and carbon savings compared 

to fossil fuels [1-3; 5-8]. 

Biomass and bioenergy is the largest source of renewable energy today, providing heat and 

electricity, as well as transport fuels. The use of biomass power has continued to grow in recent 

years and can play a key role in decarbonizing electricity systems by providing a stable source of 

low carbon base-load electricity. Biomass for heat has grown more slowly and with limited policy 

support. Policy uncertainties plus other structural challenges have constrained the expansion of 

biofuels for transport after a period of rapid growth, with current low oil prices further 

complicating the bioenergy utility configuration [9-14]. 
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Turkey is energy poor for fossil fuels but has enough renewable energy sources. It is 

estimated that Turkey has 6 784 ktoe renewable energy in 2018 and biomass has about 50% of this 

amount as shown in Table 1. For this reason, utilization of biomass energy has gained importance 

as anenergy source in Turkey [8-14].The present study discussed the potential and utilization of 

the woody biomass globally and in Turkey. The results show thatbiomasshas the potential to be a 

key player among the renewable options inTurkey [11-14].  

2.Woody biomass in Turkey 

Turkey’s biomass energy is flourishing and amazing opportunities for the development and 

commercial implementation of energy crops. Turkey has a great potential, but energy crops 

sometimes will be required to minimize biomass collection and supply chain risks to bio-based 

industries. Current cumulative installed biomass capacity in the country of 130 MWe is 

insignificant, but a number of fully permitted and ready to build projects will promptly increase in 

2014. On the other hand, Turkish biomass market has a good chance of reaching several 400MWe 

cumulative capacity in the next four years. The report provides a complete picture of the market 

situation, dynamics, current issues and future prospects [10-14]. 

The largest portion of this product is used in rural areas for heating and cooking in a 

primitive way. Turkey has about 21,7million ha of forest area.  A similar share is occupied by 

pastures and grasslands. Turkey has about 21,7 million hectares of forest area. A similar share is 

occupied by pastures and grasslands. The consumption of forest biomass compared to total energy 

has slightly decreased from 22 to 14% during the last decade because the consumption of liquefied 

petroleum gases (LPG) is increasing continuously. LPG is not expensive; it is easy to transport 

and ignite, and in addition it is a clean fuel[8-14]. 
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The annual biomass energy potential of Turkey has been estimated to be 32 Mtoe and the 

total biomass consumption in Turkey was 7.6Mtoe/year for 2014 (Table 2). Electricity selling price 

regulations that are generated with the usage of the renewable energysources such as hydropower, 

wind, geothermal, biomass and solar. In 2014, electrical production from biomass, primarily wood, 

had a net impact of $4.7, billion and biomass electrical-generating capacity will have grown to 

approximately 36 GW in 2014[10-13]. Biomass has the potential to be a key player among the 

renewable energy options inTurkey, aiming to a reduction in the short term and substitution in the 

long term offossil fuels dependence (Tables 1-2 and Figs. 3 and 4). According to the energy need 

of the country it was identifiedthat bioenergy options that supply heating and cooking as well as 

electricity would havea prime interest. The results of this assessment indicatethat there exists a 

high potential to supply the renewable energy targets based on theavailable biomass in Turkey, 

using efficient technologies and specific profitable production conditions [14]. 

Table 1. 

Turkey’s annual biomass energy potential in 2014. 

 Annual potential Energy value 

Biomass (million tons) (Mtoe) 

Crops 60 14.1 

Forest residues 20 5.1 

Residues from agro-industry 10 3.0 

Residues from wood industry 5 1.2 

Animal wastes 6 1.4 

Other  9 1.2 

Total  110 26.1 

 

 

Table 2 

Present and planned biomass energy production in Turkey. 

 Modern biomass Classic biomass Total 

Years (ktoe) (ktoe) (ktoe) 

2018 3284 4568 7852 

2020 3598 4234 7832 

2022 3860 3976 7836 

2024 4086 3785 7871 

2026 4472 3556 8028 

2028 4732 3322 8054 

2030 4940 3300 8240 

Total  39840 53773 93613 
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Figure 3.Turkey’s total biomass potential map. 

 

 

 

 

Figure 4.Electricity capacity generation (MW) from crop residues in Turkey. 
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3. Conclusions 

Biomass can become a reliable and renewable local energy source to replace conventional fossil 

fuels in local industriesand to reduce reliance on overloaded electricity grids. In this perspective, 

many medium-to-large agricultural, woodprocessing industries in developing countries and 

emerging economies are well placed to benefitfrom the successful development of biomass-to-

energy. Turkey has rich biomasspotential whilelimited sources of petroleum-basedfuel made the 

subject of producing qualityenergy and productive usage. Among the renewable energy sources, 

woody biomass seems to be the interesting because itsshare of the total energy production of 

Turkey ishigh, at about 10 % and the techniques forconverting it to useful energy are not 

necessarilysophisticated. 

Acknowledgement- The authors greatly acknowledge to Turkish Academy of Science 

(TÜBA) for financial support. 
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Abstract 

 

Dual source heat pump systems comprise of a main cold source heat pump that is supported by an 

additional heat source. Two arrangements have been studied in detail: air source heat pumps 

combined with solar collectors; and ground source heat pumps coupled with solar collectors. In 

addition to a situation where solar collectors are devoted solely to direct heating, the solar system 

can be used with the heat pump in either a series or a dual source scheme. When set up in series, a 

higher COP can be achieved, but there is often a lower free energy fraction. This is due to the lack 

of direct solar heating, meaning that auxiliary energy is required more frequently. A careful 

analysis of all the plant elements, including location, heating and cooling demand, solar collector 

area, thermal ground probe length, etc. is fundamental for achieving the best outcome in terms of 

both good primary energy savings and profitable economical performance. 

 

Keywords: Solar energy, Heat pumps, Energy storage, Residential heating 
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1. Introduction 

Heat pumps have a tremendous potential tobring renewable heating into houses. Becauseheat 

pumps are electricity-driven, there is adirect interaction with other energy demandswithin the built 

environment, such as solar PVpanelsand electric vehicles. By using heatpumps in a flexible way 

(i.e. a ‘smart grid’), itis possible to better integrate these differentelectricity-producing and 

electricity-consumingdevices. This helps the energy supply to bemore reliable, with a higher share 

of renewableinput. Heat pumps in smart grids cancontribute to a better energy supply in 

manyways[1-3]. 

The combination of a heat pump and solar energy system would appear to alleviate many 

of the disadvantages that each has when operating separately. During winter, the energy that could 

be collected by the solar system, but that would be too low in temperature to be useful for direct 

heating, may be used as a source for the heat pump. Because the solar collector storage system can 

supply energy at temperatures higher than the ambient outdoor air, the capacity and COP of the 

heat pump would increase over those for the heat pump alone, the peak auxiliary load requirement 

would be reduced, and the combined heating system would seem to operate more economically 

[7-13].  

2. Dual-Source Solar Heat Pump System 

The dual-source solar heat pump system, illustrated in Figure1, combines the advantages of the 

parallel and series systems and overcomes their disadvantages. The solar collector, heat storage, 

and building heat exchanger all continue to work as a simple solar system so long as the tank 

temperature remains above 40°C. At temperatures below that, the heat pump system is called on 

by a microprocessor controller, and a decision is made as to whether it is better to draw the heat 
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pump's heat from the tank or from the outside air. The control strategy options are numerous for 

this system; it can be operated to optimize savings of electricity or to reduce peak loads. It would 

be the most efficient of all the systems described here. It has the disadvantage that the required 

heat pump is complex and will be costly to manufacture. Considerable development work will be 

required to ensure that the unit can be operated in all sequences of its modes with full reliability. 

With this system, air conditioning is accomplished by operating the unit as a simple air-to-air heat 

pump in the cooling mode, using only the outside heat exchanger as a condenser. So, it is obvious 

that the dual-source heat pump system takes advantage of the best features of the series and parallel 

heat pump systems. The system is not capable of using the storage tank to reduce air-conditioning 

peak loads during the summer because the heat pump cannot be used to cool the tank to the outside 

air. 

3. Advantages of Dual-Source Solar Heat Pump Systems 

The success on the market of Heating Ventilating and Air Conditioning (HVAC) technology is 

determined mainly by the satisfactionof users. In principle, a good energy system should be cheap 

and easy to operate andshould have limited operation costs, a low maintenance effort, and a long 

lifespan.In the last few decades, users have become more sensitive to environmental 

problems;however, they are not adequately weighted on the energy costs yet, even if 

clearlymotivated. Most of the time, a customer is more attracted by a system with relatively 

lowinvestment cost rather than a more environment-friendly solution[1, 2, 4, 8]. 

Heat pumps and solar thermal collectorsarepreferential solutions for meeting new 

restrictive standards on the reduction of CO2emissions in new or refurbished residential buildings 

and, in this sense, SHP systemsrepresent a valuable solution. The large number of ready-to-use 
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SHP systems availableon the European market confirms this statement. Kits and turnkey 

standardized solutionsare commercialized in order to reduce the investment costs and the risk of 

mistakesduring installation and to pursue compactness. In order to achieve these results, 

thestandardization of the SHP system layout is fundamental and, thanks to a better designprocess, 

this can be reflected in an extended system lifespan (see Figs. 2-8). 

 

Figure 1.Dual-source heat pump system [4-6]. 

 

 

Figure2. Fraction of the annual load met by free energy as a function of the solar 

section area for the systems under consideration [7]. 
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Figure3.Solar collector efficiency as a function of collector area for the systems under consideration [7]. 

 

Fig. 4. (a and b) Fraction of the total heating requirement attributable to purchasedenergy and free energy [10]. 

 

 

 

Figure 5. A dynamic model of a heat pump can be improved by taking into account transient heat losses [7] 
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Figure6. Solar irradiance, simulated collector temperature and HP operating period [7]. 

 

 

Fig. 7. The dual heat pump unit COP hourly variation in heating season [7]. 

 

 

Fig. 8.Comparison between the experimental and simulation results in solar space heating mode-

power consumption and COP [8]. 
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Integrating solar thermal collectors with heat pump systems shows also positiveadvantages. 

For example, adopting solar thermal collectors as an additionalheat source reduces the yearly 

operation time of the device resulting in anincreased lifespan once again. Moreover, the noise of 

air source heat pumps is reducedor eliminated in summer, when customers are more likely to open 

buildings’ windows. On the other hand, an air-sources heat pump(ASHP) is a space-conditioning 

appliance that can provide both heating and cooling, although models exist that only provide one 

or the other. In heating mode, the heat pump uses electricity toextract heat from the outside air and 

transfers it to the home’s interior. While it may seem counterintuitive thata winter atmosphere can 

provide heat, the outdoor air does indeed contain heat. An ASHP uses a refrigerationcycle to “step 

up” the heat to a temperature suitable for space heating. In cooling mode, the heat pump workslike 

a refrigerator, removing heat from the interior of a house and moving it outside. 

Among all these advantages of SHP systems, energetic and environmental aspects havea 

leading position. The combination of solar thermal and heat pump technologiescontributes to 

increasing the system Seasonal Performance Factor (SPF) and consequently in reducing the final 

energy(FE) consumption of the system and consequently the CO2 emissions. The additionalΔSPF 

induced by solar collectors is variable and dependent upon the SHP systemconfiguration (series 

and parallel), the heat source typology, the surface area of the solarfield, and the building loads. A 

value of ΔSPF per m2 of solar field has been given according to parallel andseries SHP system 

layouts. The benefit in terms of FE savings is dependent on the SPFrefof a reference system and on 

the consequent ΔSPF [2]. 

 

                   ʃ (QSH + QDHW) dt 

SPFref =______________________________         (1) 

                       ʃ (Ʃ Pel ) dt 
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                       FEref - FESHP                     1                 1                        1 

FE (%) = _________________________ = ( ____________ - _____________ ) / ( ______________ )      (2) 

                          FEref                                        SPFref           SPFSHP                    SPFref 

 

 

 

According to this equation and assuming a reference SPFref value of 2.7 for air source heat pump 

system and an SPFSHP value of 4.5, the final energysavings amount to 40%. Since final and 

consequent primary energy savings are reflectedin an equivalent reduction of the CO2emissions 

by using a conversion factor, the same value of ΔCO2 can be achieved. In this sense, SHP 

systemsrepresent a ready-to-use solution for achieving a renewable energy concept in new 

orexisting residential buildings. 

Table 1. Theoretical performance of the solar-assisted dual-source heat pump system for heating season 

 

 

Months 

Number of 

working 

days of the 

SADSHPS 

 

Heat 

Pump 

COP 

Average 

outdoor 

Air temp. 

(oC) 

 

Solar 

Radiation 

(MJ/m2.day) 

 

Collector 

Efficiency 

(%) 

 

Storage 

Efficiency 

(%) 

Percent of 

heating load 

supplied by the 

SADSPS (%) 

November 30 2.94 14.4 6.24 52 56 80 

December 30 2.92 10.2 4.74 54 58 76 

January 30 2.82 6.6 5.12 55 62 50 

February 28 2.72 5.2 8.06 50 60 40 

March 30 2.86 7.2 6.94 54 64 76 

April 30 3.00 11.6 11.84 56 66 86 

May 20 3.21 15.8 16.62 62 68 92 

SADSHPS: Solar Assisted Dual Source Heat Pump System 

 

3. Conclusions 

Solar and heat pump systems is a combined technology that can take a market share in the segment 

of building heating and cooling since it carries some advantages: high renewable energy share, 

lower electricity demand, lower primary energy demand, lower CO2 emission depending on the 

electricity mix feeding the heat pump.Market share of solar heat pump systems could reach 100 % 

of new houses in many countries where heat pump technology is well implanted and solar is 

mandatory for domestic hot water. 
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When the sun is shining, the collectors will be the primary source of energy for thedomestic 

hot water preparation and for the space heating. Furthermore, the daily solarproduction can be 

stored for future use during a few days. When the sun is less abundantor when the solar storage is 

empty, the heat pump will take over the duty. The source ofthe primary low-energy “heat” for the 

heat pump to operate can be air, ground, or waterfrom a river or an aquifer. A nice feature of the 

hybrid combination is that the solarcollectors can also be used as the provider of the primary heat 

for the heat pump. The twocomponents will then operate in the so-called serial mode. 
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Abstract 

 

Global warming, environmental pollution and therefore energy crises lead researchers to obtain 

energy in a cheap and clean way. Solar energy, which is one of the renewable energy sources, has 

gained great importance in the developed countries in terms of having almost no adverse impact 

to the environment. In addition to providing a significant part of the world's energy needs, solar 

energy does not consume natural resources and does not cause gas emissions such as CO2 to the 

air. Therefore, developed governments have created solar energy policies with concerns such as 

climate change and reduction of greenhouse gas emissions. In this regard, scientific researches on 

solar energy area have been increased every year. The aim of this study is to reveal the statistical 

distribution of academic studies in the field of solar energy in some leading countries such as 

China, Japan, Germany and the USA, and to observe how it overlaps with research and activities 

in this field. Thus, data and statistical analyses related to the academic studies obtained from the 

Web of Science database were conducted by using the SQL server management studio program. 

The results of the analysis show that the academic studies on solar energy in the selected countries 

coincide with the researches and activities in this area and they tend to increase with each passing 

year. 

 

Keywords: Solar Energy, Researches and Projects, Academic studies, Statistical analysis. 
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1. Introduction 

 

In order to obtain cheap and clean energy, renewable energy has been frequently studied by 

the scientific community in the last decade [1-4]. This is mainly due to increasing global warming, 

energy crises and environmental pollution. In this context, solar energy, which has almost no 

negative impact on the environment, has gained importance today. Solar energy is a type of energy 

that does not consume natural resources and does not cause CO2-like gas emissions, while 

providing the world's energy needs significantly [5,6]. The main reason for the development of 

solar energy policies in developed countries of the world is the concerns such as climate change 

and reduction of greenhouse gas emissions. With these concerns, the fact that the current energy 

resources are being consumed rapidly increases the value and number of scientific researches on 

solar energy every year. 

 

From this point of view, developed countries of the world support the production of energy 

from renewable sources in a safe, economic and cost-effective manner. Therefore, the use of these 

resources will increase energy diversity, greenhouse gas emissions will be reduced, and waste 

products will be reused to protect the environment.  

 

Renewable power capacities, not including hydro power in the world and EU-28 and BRICS 

countries is presented in Fig.1.  Top seven countries are also seen in the figure as China, USA, 

Germany, Japan, India, Italy and Spain [7,8].  In theory, it would be possible to meet the energy 

requirements of the whole world if enough technology was available to supply solar energy [9]. 
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Figure 1. Renewable power capacities by renewable energy types [7]. 

 

 

Figure 2. Net electricity generation of the world from renewable power between 2012-2014 [10]. 

 

In line with the 2040 renewable energy targets, it is seen that electricity production from 

renewable energy sources in the world will increase to 29% in 2040 with an annual increase of 

2.9%. As seen in Fig.2, Solar energy is the fastest growing renewable energy type with an annual 

production increase of 8.3%. Wind and hydroelectric power each constitute 33% of the projected 
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5.9 trillion kWh generation during the projection, while solar energy accounts for 15% with 859 

billion kWh [10]. 

 

2. Method 

 

Automated Data Retrieval Method provides us to achieve data from Web of Science database 

and values were transferred to Excel Power Pivot to extract the statistical distributions of the 

increment rate of the researches, their publication years and the more focusing branch on 

renewable energy. The keywords used to uncover the number of academic studies by years are as;  

‘Solar Energy’, ‘Solar Panel’, ‘Photovoltaic’, ‘Solar Power Plant’, ‘Solar Radiation’, ‘PV 

Projects’, ‘Solar Electricity’, ‘PV Panel’, ‘Solar Photovoltaic’ and ‘Solar Thermal’. 

 

3. Solar Energy Technologies in Some Leading Countries 

 

The collection, storage and then distribution of solar energy to the households in heat form 

can be given as an example of passive solar technology [7,8]. In other respect, the active solar 

system collects solar radiation and uses mechanically and electrically powered equipment to 

convert solar energy into heat and electrical energy. Solar water heater systems are the most well-

known of these systems [8].  

 

Following the extraordinary growth of 53 GW in China in 2017, the solar PV capacity in 

2018 declined to 44 GW in 2018 as the government cancelled feed tariffs, controlled costs and 

implemented distribution quotas to tackle grid integration challenges. In general, this policy 

change is expected to make solar PV technology more competitive in the domestic and 

international markets of China and achieve more sustainable development in the long term [11]. 

 

In 2018, the share of total renewable energy production in Japan increased by 1% compared 

to the previous year and rose to 17.4%. Solar PV power generation increased by 6.5% in 2018, 

surpassing the 5.7% increase in the previous year, and came close to the government's target values 

for the 2030 fiscal year [12]. 
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In 2018, PV systems in Germany provided 45.7 TWh to the public grid. Production increased 

by 6.3 TWh which means an increase of 16% over the previous year. Again in 2018, the installed 

PV capacity increased by 3.2 GW and reached 45.5 GW.  In July 2018, the maximum solar 

capacity was updated to approximately 32 GW and 39% of the total electricity production was 

supplied by photovoltaic. 22.6% of the total daily energy from all electricity sources was the 

maximum solar energy share in Germany in May 2018 [13]. 

 

Local-scale power generation facilities especially rooftop photovoltaics and utility-scale 

solar power plants from photovoltaics form the solar system in the USA. At the beginning of 2018, 

USA had an installed photovoltaic capacity of over 50 GW. At the end of 2018, it produced 66.6 

terawatt-hours (TWh) of solar energy which corresponds to 1.66% of its electricity demand [14]. 

In the same period, USA ranked second after China in terms of total installed capacity. In addition, 

solar energy, which had the highest share of all new electricity generation capacity with a ratio of 

39% in 2016, surpassed natural gas and all other resources. In the same year, more than 260,000 

people were employed in the solar industry in USA [15]. 

 

3. Results and Discussion 

 

The distribution of academic studies over years on solar energy are also examined by related 

leading countries. As given in Fig. 3, the total number of academic studies on solar energy indexed 

in WOS for China, USA, Germany and Japan are 26166, 26766, 9688 and 9159, respectively.  
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Figure 3. The total number of academic studies on solar energy indexed in WOS by countries. 

 

The distribution of academic studies in these leading countries by years is also presented in 

Fig. 4. The total number of academic studies in 2019 is up to October, 2019 and is not fully 

completed. Although China is not seen as leading country in total number of academic studies in 

Fig. 3, it has been made more academic studies than any of the other leading countries for the last 

five years. USA was the leader in the number of academic studies made before these years, and 

this is the reason why it appears to be ahead in the total number of academic studies. However, 

when considering the last 5 years and the close number of academic studies in China and USA, it 

is expected that China will be the leader in total. On the other hand, the distribution of academic 

studies carried out by Germany and Japan over the years is almost similar. 
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Figure 4. The number of academic studies on solar energy indexed in WOS by years. 

 

 

Figure 5. Total PV cumulative installed capacity by country (top 10) in 2018 

 

For example, when considering the number of academic studies and the total installed PV 

capacity in 2018, China's clear leadership is remarkable. When we look at other countries except 

USA, it is seen that the number of academic studies and installed PV capacities are in direct 

proportion. Although the installed PV capacity in USA seems to be low according to the number 

of academic studies, it is also in the second place in both rankings. 
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4. Conclusion 

 

This study concluded the statistical data analyses of the academic studies which were 

extracted from Web of Science database to compare the ratio of the whole studies made in these 

countries on solar energy by years. The number of academic studies on solar energy in all related 

countries have all been increased by years. This shows the importance academically given to the 

solar energy have been increased by years in all countries. China is leading on both total solar 

energy production with its new installations and projects and total number of academic studies on 

solar energy in the last five years. This situation and ranking are also valid for the other countries. 

This indicates that the projects and investments on solar energy is directly proportional to the 

number of academic studies in this field. On the other hand, this ranking for these countries can 

also be stemmed from population, environmental factors and especially geographical location of 

these countries. All in all, these results also confirm the establishment of close or common relations 

on sectoral and academic basis on solar energy in these countries. 
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Abstract 

 

In order to generate energy, technological developments are increasing every time. However, it is 

interesting that the energy requirements are increasing with technological development. As in the 

whole world, energy consumption also shows an increase with energy production in Turkey. 

Dependence on imported energy sources and environmental factors such as air pollution which 

lead to economic hardship are increasing the requirement for clean and sustainable renewable 

energy sources in Turkey. Turkey is an appropriate country with its geographical position to utilize 

from the main renewable energy sources such as hydropower, biomass, biofuels, wind power, solar 

energy and geothermal energy. Among these, in terms of having the highest potential among the 

European countries, wind energy is extremely important for Turkey. Even though wind turbines 

have difficulties in choosing the site due to environmental factors, wind energy generation has an 

important place among other energy sources. In this study, the indexed academic studies on wind 

energy data collected from Web of Science database and the statistical analysis of this data 

compared with existing wind energy potential in Turkey. As a result, it has been observed that the 

academic studies in the field of wind energy progress in line with the projects and investments 

made with the existing potential. 

 

Keywords: Wind Energy, Energy Potential, Scientific studies, Automated Data Retrieval. 
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1. Introduction 

 

Wind is caused by various temperatures caused by solar radiation on earth’s surface [1]. As 

a result of these different temperatures, which also cause changes in humidity and pressure levels, 

the differences between pressure levels result in the movement of air [2].  Approximately 2% of 

the solar energy reaching the world is converted into wind energy [3]. The abundant and varied 

amounts in the atmosphere, being a clean and environmentally friendly energy source, no 

exhaustion and price risks, low maintenance and repair costs, no dependence on imports, and the 

short-term commissioning are important advantages of wind energy [4].  Mainly in Aegean and 

Marmara regions, wind energy in Turkey are rapidly increasing in capacity. 7% of Turkey’s 

electricity which corresponds to 20 TWh was obtained from wind energy in 2018. Estimated 

techno-economic wind energy potential of Turkey is 38 GW onshore, 10 GW offshore. Turkey 

had 7 GW installed capacity by the end of 2018 and 10 GW capacity in the year of 2020's is 

expected to be installed [5]. 

 

It is clearly seen from the Turkey's wind atlas in Fig.1. that, the Central Black Sea, Marmara, 

Aegean and partly Mediterranean coastlines have strong and sufficient winds [6]. Although Turkey 

wind power installed capacity has doubled for three consecutive years, it was only 791 MW 

installed capacity in 2009 [7].  Wind energy is expected to have a significant share of future 

electricity production, and Turkey is expected to reach 11,200 MW installed power in 2025 [8,9]. 
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Fig. 1. Wind atlas of Turkey [10] 

 

In this study, the academic studies on wind energy in Turkey has been observed relatively 

with the wind energy projects and investments made in Turkey. The data were collected from Web 

of Science (WOS) database and the statistical analysis of this data observed comparatively with 

the annual reports and news about wind energy potential of Turkey. 

 

2. Material and Method 

 

Automated Data Retrieval Method provides us to achieve data from WOS database and 

values were transferred to Excel Power Pivot to extract the statistical distributions of the increment 

rate of the researches and their publication years on wind energy.  The keywords used to uncover 

the number of academic studies by years are as; ‘Wind Energy’, ‘Offshore Wind Power’, ‘Wind 

Turbines’, ‘Wind Power’, ‘Wind Electricity’, ‘Wind Farm’ and ‘Windmill’. 

https://www.geni.org/globalenergy/library/renewable-energy-resources/world/middle-east/wind-middleeast/wind-turkey.shtml
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3. Results and Discussion 

 

Following the first wind power plant built in İzmir in 1998 [11]. Following to this, 19 MW 

wind power in 2006, 140 MW in 2007, 1265 MW in 2010 and then 1645 MW in 2011 were 

installed. In 2018, when 20 TWh of electricity was generated, the installed power was 7 GW. This 

figure is expected to increase to 8 GW in 2019 and 10 GW is planned to be established in the 2020s 

[12]. When compared to 51 MW installed capacity in 2006, the increment of installed capacity to 

7 GW in 2018 indicates the breakthrough of Turkey on wind energy. The Ministry of Energy and 

Natural Resources initiated a $ 1 billion wind energy investment project in 2017 and requested a 

tender. The Renewable Energy Resource Areas (YEKA) project is designed for wind farms in 5 

different regions and has a total power capacity of 1 GW and an annual energy generation capacity 

of at least 3 TWh [13]. In addition, a tender of 1 GW was initiated in 2019 for the implementation 

of equal capacity projects in 4 different provinces as Balıkesir, Çanakkale, Aydın and Muğla [14]. 

The annual installations for wind power plants in Turkey is given in Fig. 2. 

 

 

Fig. 2. Annual installations for wind power plants in Turkey [15]. 

 

According to WindEurope statistics as given in Fig. 3, in 2018 Turkey was in the sixth place 

for additional installed wind capacity among 38 countries of continental Europe including Ukraine 
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and Russia. And as for the Wind Energy in Europe, Trends and Statistics report, Turkey reached a 

total of 7,369 MW installed capacity by adding 467 MW in 2018 [16]. 

 

 

Fig. 3. Turkish electricity market growth potential and total installed capacity [16]. 

 

The distribution academic studies over years on wind energy are also examined in Turkey. 

The distribution for Turkey is given as in the below figure with 1005 total number of academic 

studies. 
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Fig. 4. The distribution academic studies indexed in WOS database over years on wind 

energy. 

 

The number of academic studies on wind energy in leading countries as China, USA, 

Germany and Japan are 11912, 8937, 3694 and 1577, respectively. With its potential increment in 

recent years, Turkey can be reaching the highest level in wind energy especially in Europe. 

 

 

Fig. 5. The number of academic studies indexed in WOS database on wind energy in some 

leading countries. 

 

4. Conclusion 

 

This study concluded the statistical data analyses of the academic studies which were 

extracted from Web of Science database in Turkey on wind energy resources by years. The number 

of academic studies on wind energy in Turkey have been increased considerably especially in 

recent years. This indicates the scientific community in Turkey gives significant importance to the 

wind energy researches which increases every year. The projects, investments and scientific 

studies by years are proportionally increase every year and totally compatible with the future plans 

of Turkey on wind energy. In the light of these outputs, if other geographical and external factors 

in the field of wind energy are ignored, the scientific studies on wind energy can be said to give 

direction to projects and investments in this area in Turkey. 
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Abstract 

 

Considering the increment in energy requirements, each country should define the potential of 

solar energy as a clean and inexpensive energy type. With this definition, projects, investments 

and especially academic studies in solar energy area have been increased in order to meet the 

energy demand through domestic resources. Turkey has a high potential value in solar energy with 

approximately 3.6 kWh/m2 average solar-radiation and 2610 h total radiation period in a year. 

Therefore, it is very important to investigate the relationship between the scientific studies and the 

projects and investments which will process this existing potential in this area. From this point on, 

the data collected by statistical analysis of academic studies on solar energy has been compared 

with the projects and investments in Turkey. For the analysis of scientific studies, data were 

collected from Web of Science database by utilizing Automatic Data Acquisition Methods and 

statistical analysis was performed with Excel program. In addition to the activities on solar energy 

in Turkey, it has been increasing in direct proportion to their academic studies in this area. In 

addition to the activities in solar energy area in Turkey, the academic studies have also been 

increased proportionally by years. 

 

Keywords: Solar Energy, Energy Potential, Statistical analysis, scientific studies. 
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1. Introduction 

 

Due to the limited and rapid consumption of traditional energy resources, the countries of 

the world are urged to seek new energy against the global energy crisis. In addition, environmental 

pollution encourages researchers to study on renewable energy sources which is also known as 

clean energy [1-5]. Like every country, Turkey need to define the renewable energy potential of 

itself on distinct areas such as wind, solar, biomass, hydro and other renewables. Among these, 

solar energy comes to forefront when considering its significant features and advantages. Above 

all, the sun is an inexhaustible and clean energy source without pollutant charges such as smoke, 

gas, carbon monoxide and sulfur. It is suitable for local applications and does not require complex 

technology. It is possible to use solar energy wherever energy is needed. There is no transportation 

problem, it can be installed in the region that needs energy. Installed solar systems very low or do 

not have maintenance costs [6,7]. 

However, solar energy has some disadvantages such as larger surfaces are needed as the 

solar radiation to the unit surface is low. In Turkey, the value for this is 1300 W / m2 on average 

and the total annual radiation period is nearly 2610 hours [8]. There have been many scientific 

studies on solar radiation prediction in Turkey [9-12].  Solar radiation has to be stored in distinct 

forms like battery, developing hydrogen, etc. as it is not a constant radiation. The efficiency rate 

is nearly %15 for solar cells but this rate is about % 60 for water heating systems. Additionally, 

this rate can be increased to % 55 with new hybrid systems. Considering urgent energy 

requirement, the researches and especially the academic studies have been increased on renewable 

energy resources to meet the energy demand by means of indigenous resources in each country. 

Consequently, in this study, the scientific studies on solar energy in Turkey was investigated by 

the statistical analysis and these analyses are supported with the projects and investments. 

 

2. Material and Method 

 

Automated Data Retrieval Method was utilized to gain data from Web of Science database 

and the data were transferred to Excel Power Pivot to obtain the statistical distributions of the 

publications and their increment rates by years on solar energy in Turkey.  While researching the 
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Web of Science database, many different key phrases and their combinations were used to avoid 

skipping any publications in this field. 

 

3. Results and Discussion 

 

There are ambitious targets of Turkey for the energy sector in 2023. In this context, the 

investments to be made in order to meet the energy needs of 2023 are estimated to be around 110 

billion USD. In line with these targets, it is envisaged to install 5000 MW solar power plants [13]. 

The geographical position of Turkey is in the Mediterranean sun belt which resembles to Portugal 

and Spain in accordance with solar radiation values. It is also a favorable location to establish solar 

power plants.  

 

 

Fig. 1. The Solar Energy Potential Atlas of Turkey [14]. 

 

 

The atlas of solar energy potential in Turkey is given in Fig. 1 which includes direct, global, 

sunlight duration and diffuse solar radiation. Generally solar energy is used for water heating and 

18 million m2 flat plate solar collector is currently being used and the annual production capacity 

of solar collectors is approximately 1 million m². Total photovoltaic capacity installed in places 

such as highways, off-grid houses, meteorological stations, forest fires,  watching and 

communication towers is approximately 4000 kW [14]. 
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Fig. 2. A 4.2 MW rooftop PV system installed by IBC Solar in Turkey [15]. 

 

Germany-based subsidiary of IBC SOLAR company commissioned the first phase of the 

15.6 MW project as 4.2 MW rooftop solar power project in Mersin, Turkey as seen in Fig. 2 [15].  

 

In 2016, the installed solar PV power plants led to a substantial development of the solar PV 

installed capacity in Turkey as shown in Fig. 3. Unfortunately, this rate is not very high and 

sufficient when compared to many countries in solar PV energy production. from Turkey. In other 

respects, with its quantative solar thermal resourses, Turkey ranked ahead among many countries 

when taking into account solar thermal energy production, 

 

 

Fig. 3. The primary production of solar energy in Turkey [16]. 
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According to an article titled "Turkey leads the way in 2017", reaching 1.79 GW capacity 

by 213% market growth showed that, Turkey was some of Europe's most dynamic solar market in 

2017 as seen in Fig.4 [17]. 

 

 

Fig. 4. Top 5 European Markets Annual Installations in 2016/2017 [17]. 

 

In addition to these investments and projects which made or planned to be made in the future, 

the academic studies made on solar energy has great importance. Because, the academic studies 

give direction to the projects and investments in order to reach the targets. As seen from Fig. 5., 

the number of academic studies on solar energy in Web of Science database have been increased 

by years. This situation indicates that the number of academic studies is also directly proportional 

to the total solar energy investments, projects and also productions in Turkey. 

 

 

Fig. 5. The total numbers of academic studies on solar energy in Turkey. 
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The total number of academic studies on solar energy in Turkey are 979 and 134 of these 

publications were made in 2017 which is the highest number of academic publications in Turkey. 

As mentioned below, Turkey has made great strides in European Solar market annual installations 

in 2017 which verified the direct proportion of academic publications with productions, 

investments and projects. These 979 academic studies are included %75 article, % 20 proceedings 

paper, % 5 review and other type of publications and 103 out of these 979 publications were 

supported by TUBITAK. 

 

4. Conclusion 

 

Through this investigation, the analysis of the scientific studies on solar energy were 

examined for Turkey. In addition, the impact of scientific studies to the productions, investments 

and projects on solar energy in Turkey was also investigated. The academic studies on solar energy 

areas have a tendency to increase every year which shows the importance given to the solar energy 

in Turkey. Considering the production rates in Turkey, it can also be concluded that, as obviously 

verified in 2017, the academic publication numbers varied proportionally with the productions, 

investments and projects made in Turkey on solar energy. In recent years, the increment in 

academic studies on solar energy by years in line with developments in this area is very significant 

for Turkey to reach its 2023 energy targets. 
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Abstract 

 

In this study, tribological, corrosion, non-wettability and surface energy properties of were coated 

with TiO2 and ZrO2 by sol gel method. Ti6Al4V, W80-Cu20 processed in 15x5 mm dimensions 

were polished in 1 μm Al2O3 solution after required sanding operations before the left gel 

treatment. The wear tests were carried out in a ball-disc arrangement under a dry friction condition 

at room temperature with applied load of 5 N with a sliding speed of 0.3 m/sec at a sliding distance 

of 200m. Corrosion tests of the samples were performed in 4.5 molar hydrochloric acid solution, 

3 molar sulfuric acid in bath. Contact angle with water of each samples with and without additive 

were measured by using sessile drop method to determine the hydrophobicity of the materials. 

 

Keywords: Sol-Gel, Corrosion, Contact angles, Tribology 
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1. Introduction 

 

The sol–gel process represents an elegant chemical route that can be used for the low-

temperature synthesis of single- or multiple-component ceramic materials (including glasses) in 

the form of thin solid films, ultrafine powders, high surface area porous materials, dense abrasive 

minerals, and continuous ceramic and glass fibers. The sol-gel method has advantages such as low 

temperature, low equipment requirements, flexibility of solution chemistry, and homogenisation 

at the molecular level using pure solutions of pure substances. Sol-gel processes   have   been   

proven   to   have variety of advantages,  including  excellent  control  of stoichiometry of precursor  

solutions, ease of compositional  modifications, tailorable microstructure, ease of introducing 

various functional groups or encapsulating sensing elements, relatively low annealing 

temperatures,  the   possibility of coating  deposition  on  large-area  substrates,  and  simple  and 

inexpensive  equipment. Durable thin films with a variety of properties can be deposited on a 

substrate  by  spin-coating  or  dip-coating. When the "sol" is cast into a mold, a "wet gel" will 

form. With  further  drying  and  heat  treatment,  the "gel" is converted  into  dense materials. If 

the liquid in a wet "gel" is extracted under a supercritical condition, a highly porous  and  extremely  

low-density  material called "aerogel" is obtained. As the viscosity of a "sol" is adjusted into a 

given viscosity range, fibers can be drawn from the "sol".  Ultrafine and uniform powders are   

formed   by   precipitation, spray pyrolysis, or emulsion techniques. The main obstacle of 

commercialization of sol-gel technology is lack of standardization.   Semiconductor technology is 

much more omplicated than sol-gel processes, but it has been   standardized  from precursor to 

equipment to process [1-4].  

 

2. Material and Method 

 

In this study, W80-Cu20, Ti6Al4V, pure Nickel were used. 15x5 mm in size - samples was 

processed before the left gel sanding process and then polished in 1 μm Al2O3 solution. TiO2 and 

ZrO2 powders were dissolved in acetone at about 80 ° C with the aid of a magnetic stirrer. The 

samples were dipped in 1 M H2SO4 before the left gel was coated. It was then dried in purified 

water for 1 minute and washed with acetone. The prepared samples were immersed in dissolved 

boron compounds on the magnetic stirrer and held vertically for about 5-6 minutes. The wear 
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surface properties of the samples were analyzed by SEM and EDS analysis with 3 dimensional 

laser profilometer. Samples coated with the left gel method were treated with drop water using the 

contact angle measurement using the method of “KSV Attension” and “Theta Lite TL 101 Optical 

Tensiometer”. contact angle measurements were performed at room temperature (25 ± 2⸰C) with 

each of them. Abrasion tests Abrasion tests were carried out in the ball disk system under dry 

friction condition at room temperature, 5 N load, shear rate of 0.3 m / s, for a distance of 200 

meters. 

 

3. Results and Discussion 

 

3.1. Contact Angles and Wear Properties of W80-Cu20, Ti6Al4V and Pure Nickel Coated 

with Sol Gel Method 

Measurement of contact angles was measured using purified water. The contact angles of 

the coatings on the samples were measured. 

 

°  

 

 
Figure 1. Contact angle of W-Cu, Pure Nickel, Ti6Al4V alloys coated by sol gel method 

 

Table 1 shows the change in wear volumes and ratios of W-Cu, Pure Nickel, Ti6Al4V 

alloys coated at different times. The highest wear volume was seen in the sample coated with TiO2 

on W-Cu alloy. 
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Table 1 Sol-gel method coated with different types of W-Cu alloy, pure nickel and Ti6Al4V alloy 

surface roughness, friction coefficient, Wear Trace Depths, wear volume values 

 Surface roughness, Ra 

(µm) 

Wear Volume, mm3 

Materials ZrO2 
TiO2 SiO2 

ZrO2 
TiO2 SiO2 

W80-Cu20 1,19 0,952 ------ 0,0213 0,0287 ------ 

Pure Nickel 0,79 0,625 ------ 0,0029 0.0020 ------ 

Ti6Al4V 0,73 ------ 0,54 0,0079 ------ 0.0162 

 Coefficient of friction Wear Trace Depths, (µm) 

Materials ZrO2 

TiO2 SiO2 

ZrO2 

TiO2 SiO2 

W80-Cu20 0,048 0,055 ------ 5,51 5,16 ------ 

Pure Nickel 0,043 0,051 ------ 1.21 1.01 ------ 

Ti6Al4V 0,046 ------ 0,049 3,27 ------ 3,85 

Figure 2 shows W-Cu, Pure Nickel, Ti6Al4V alloys coated with Sol gel method at different 

times. As a result of abrasion, abrasion and delamination abrasion occurred in W-Cu, Pure Nickel, 

Ti6Al4V samples coated with Sol gel method. 
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Figure 2. Wear Cu SEM image of W-Cu alloy, Pure Nickel and Ti6Al4V alloy coated with 

different types of sol gel method. 

 

3.2. W80-Cu20, Ti6Al4V and Pure Nickel Corrosion Tests Coated with Sol Gel Method 

The corrosion losses of W80-Cu20, Pure Nickel and Ti6Al4V alloy elements after corrosion 

have shown that ZrO2 and TiO2 coatings of the W80-Cu20 alloy did not undergo much wear. At 
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the same time, uncoated W80-Cu20 alloy was found to suffer excessive weight loss. ZrO2 and 

SiO2 coatings of Ti6Al4V alloy did not cause much weight loss. However, uncoated Ti6Al4V 

alloy has also been found to suffer excessive weight loss. In contrast to other alloys, pure nickel 

ZrO2 and TiO2 coatings showed excessive weight loss, while uncoated Pure Nickel showed less 

weight loss. The major factor of these differences is the Ti6Al4V and W80-Cu20 alloying element, 

while the other is Pure Nickel, which is not an alloying element. It was found that while the weight 

loss of the alloying elements was low, the weight loss of the uncoated was greater, the weight loss 

of the pure nickel without alloying element was higher and the weight loss of the uncoated was 

less. 

 

Table 2. Corrosion weight losses of W-Cu alloy, Pure Nickel and Ti6Al4V alloy coated 

with different types of sol gel method (gram) 

Weight Loss after Corrosion, (gram) 

 H2SO4   3 M 

Materials Uncoated ZrO2 
TiO2 SiO2 

W80-Cu20 0,013 0,009 0,012 ------ 

 HCl   4.5 M 

Pure Nickel 0,009 0,021 0,012 ------ 

Ti6Al4V 0,037 0,003 ------ 0,001 

Waiting Period: 3 days 
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Abstract 

 

Modernism, increased communication opportunities between countries and cultures, recogniz ed 

other cultures and their perspectives, naturally made globalization compulsory. With this 

globalization, an understanding ha d emerged that technological innovatio ns were easily reached, 

high level studies were conducted in science and technology oriented education and that the society 

c ould produce economically There were also schools where the effects of modernism were seen. 

These schools are examples of the Bauh aus in the world and the Village Institutes in Turkey. In 

these schools, modernist individuals who were thinking about the future with perseverance and 

positivist method were raised. In the light of all the information in this study, the idea of sphericity 

that started to form with modernism will be examined and compared in the context of sociological 

theories through Village Institutes and Bauhaus School. 

 

Keywords: Modernism, Globalization, Village Institutes, Bauhaus. 
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1. Introduction 

 

The notion of globalization has emerged with the modernization of cultural, economic and 

political structures of societies. In 1990s, the concept that countries are stronger when they act 

collectively than when they are a single entity necessitated globalization. Paul Hirst and Grahame 

Thompson state that “globalization has become a fashionable concept that is used by all courses 

as a means” (Hirst & Thompson, 2003, p. 26). Therefore, modernism combined with the notion of 

globalization reveals the existence of “a world without boundaries”. Modernism can also be 

characterized as the force that arises from different contexts of designs that belong to globalization 

pairing up. The notion of globalization had not been seen as a notable term especially by 

academicians until the beginnings and even the middle of 1980s, although it has become common 

in recent years (Robertson, 1999, p. 21). Afterwards, the notion of globalization has been 

associated with the notions such as “the end of history” and “new world order” following the 

political affairs such as the Gulf War the fall of the Berlin Wall. When considered from this aspect, 

modernism, just as globalization notion, is associated with notions such as “alienation from the 

traditional” and “development and progress” (Becer, 2010, p. 13). This is because agriculture 

based feudal structure has given way to a production system that is being pursued on international 

level and studies regarding the organization of workforce have ensured the development of 

reasoned conception thereby have prepared a common ground for modernism and globalization. 

Hence, modernism can be identified as a state of irreversible progress. This state of progress and 

the process of modernization have caused changes in human behavior thereby enabled a human 

type that relies on science and technology, thinks more about the future than the past, is open to 

innovation and experiments, and regards universal standarts, that is positivist (Becer, 2010, p. 13). 

Modernism and globalization have taken hold of not only countries but also disciplines such as art 

and design. These impacts on art and design fields ensured the establishment of ecoles such as 

Bauhaus in the world and Village Institutes in Turkey. In the view of such information, this study 

primarily explains the notion of globalization and the conception of modernism, thereafter recounts 

what sort of contributions Bauhaus and Village Institutes have in the context of usefulness to 

societies. 
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2. Material and Method 

 

The notion of globalization dates back to 16th century while the start of its historical 

adventure leads back long before. However, the notion of globalization was primarily used in fields 

such as business and finance in academic literature in conjunction with the technological 

developments in 1980s. In 1990s, the notion of globalization began to be examined in many 

disciplines as part of social sciences such as sociology, culture and media studies, international 

relations and political sciences (Çelik, 2012, p. 65). Therefore, this study is on how it affects the 

fields such as art and design other than technological, economic, social, political and cultural fields 

that constitute the global system. Researches on literature revealed the need to discuss the 

sociological developments and methods and the different dimensions of the global system in 

multidisciplinary fields such as art and design. Besides, textual criticism method will be used in 

the conclusion to analyze the study better after the recounting of Bauhaus and Village Institutes. 

 

2.1. Examining the Notion of Globalization through Modernism 

 

Modernism is a current of thought that signifies the era in which social, cultural, political 

changes occurred in Europe in 17th century. This era is identified as the “age of reason” due to the 

fact that it uses reason as base and it aims for placing all the social relations and institutions on 

rationalist rudiments (https://tarihibilgi.org/modernizm-ve-postmodernizm/). Within this context, 

modernism generated globalization along with radically changing the social structure as a result 

of its rationalist nature. Globalization is a bringing of modern world. William Graider mentioned 

globalization as follows: 

“globalization is like a “wondrous new machine" that reaps as it destroys. "Huge and mobile, "like 

the machines of modern agriculture, but vastly more complicated and powerful...running over open 

terrain and ignoring familiar boundaries. As it goes, the machine throws off enormous mows of 

wealth and bounty while it leaves behind great furrows of wreckage”. But, no one is at the wheel. 

The machine has no wheel or internal governor to control the speed and direction. It is sustained by 

its own forward motion and guided mainly by its own appetites. The machine is modern capitalism 

driven by the 

imperatives of global industrial revolution, creating “the drama of a free-running economic system 

that is reordering the world” (Graider, 2003, p. 17). 

 

https://tarihibilgi.org/modernizm-ve-postmodernizm/
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Globalization is the sum of the events that take place in one country and have an effect on 

the events happening in other places just as a malady in a small part of the field effecting all the 

vegetables and products. Globalization, which is one of the outcomes of modernization, has a 

significant place in art and design fields as well as any other disciplines. This is because art and 

design have been turning into a sellable product or a useful design and becoming a global market 

every other year. Therefore, modernism has two distinguishing feature in the field of art. These 

are concerns about making form based inventions and utopic and activist working methods (Becer, 

2010, p. 19). Modernism’s passion to progress and innovations made the way for various 

inventions. For example, photography was a significant invention for art and design in the 

beginning, however afterwards it turned into a threatening element for them. The birth of 

photography eliminated the uniqueness of artworks by allowing them to be reproduced and thus, 

artworks have gained a global value. A newer and more drastic rival that art is facing is the internet. 

Since the middle of 1990s, artists have been using the web for producing not only reproducible but 

also distributable works without any price. These kinds of artwork can be copied from one 

computer to another immaculately and a large part of the codes that enable them to be used are 

open to be watched, copied and printed (Stallabrass, 2016, p. 113). Therefore, the culture of 

internet exposes the reproducibility of art to global impact. Boundaries vanish in art just as in 

globalization. Rasih Demirci depicted globalization as; international economic, political, social 

and cultural contacts and impacts getting increased along with the world being a smaller place as 

a result of dazzling developments in technology and communication, economic and political 

boundaries to vanish and after all material and spiritual values to cross the national boundaries and 

spread worldwide (Demirci, 1997, p. 3, 6). Possibly, modernism has created globalization as a 

reaction to these events that take place in the social structure. On the other hand, according to many 

historians, modernism was an artistic reaction to a deep social disruption that caused paradoxical 

extremeness such as the belief of rapid industrialization and urbanization, which is absolute 

progress and increasing anatomy feeling in the later 19th century (Shiner, 2010, p. 330). The 

notions of either modernism or globalization emerged along with the necessities of the age and the 

change in the social structure. Yet, Giddens’s words must not to be forgotten at this point. 

According to Giddens, modernity is naturally being globalized (Giddens, 1990, p. 177). 

Furthermore, perception of globalization is sociologically classified as; the radicals, the sceptics, 

the transformists. 
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According to the radicals, nation-state conception has lost its significance in connection with 

globalization. Global market (money) instead of policies has become more significant than the 

decisions of governments. At the present time, policies do not have the power to affect the 

movements of global economy even though they are still effective on a local and national scale. In 

this sense, citizens’ lack of interest in politics or politicians causing disappointment on citizens 

more and more is a result of globalization process (Giddens, 1999, p. 56). When radicals were 

mentioned, the first names that come to mind are; Kenichi Ohmae, Francis Fukuyama and Thomas 

Freidman. Modern art, just as the perceptions of globalization, has lots of mindsets in itself. 

One of these mindsets is rationalism. It derives from John Ruskin and William Morris’s socialist 

utopia who turned skillful craftsmanship of the medieval age into social ethics, it devolves on currents 

such as Arts and Crafts, De Stijl, Purism, Constructivism and Bauhaus, and comes until today’s 

industrial design disciplines. A tradition that aims industry to have artistry and to combine industry 

and craft… It starts off with Ruskin from the fantasy of bringing industrial “barbarity” to its knees 

via art. Yet, it is radicalized in the period of World War I when the engineering was glorified and it 

gains an anti-art property in which art will melt down in engineering and artwork in machine (Artun, 

2015, p. 117). 

 

 

Skeptics on the other hand, inherently argue that globalization is overrated, it is not possible 

to create a completely globalized economy in today’s economy, economic blocks exist so 

globalization does not bring as big of a change or conversion as claimed 

(http://www.guncelmeydan.com/pano/kuresellesmeye-yaklasimlar-t33822.html). Skeptics that 

appear to be in the opposite of radicals, are also known as globalization objectors. First names that 

come to mind that are against globalization are Noam Chomsky, Paul Hirst, Grahame Thompson 

and Immanuel Wallerstein. Skeptics approach globalization with suspicion in every respect 

(Giddens, 1999, s. 56). For instance, Andy Warhol is producing serigraphs that he does not even 

touch with the skills of some technicians in his studio that he named “the factory”. Sequences of 

Marilyn Monroe portraits, tin cans… Duchamp exhibits a urinal that he found in the dump and 

cloaks the industry products in a guise of art as we can see in Figure 1 while the first debates on 

“miming” the design and production logic of industry products. Accordingly, he aroused suspicion 

in whole humanity about “what is art” by way of once again turning the relation between art and 

industry into a problem and perplexing minds. Andy Warhol, as well as skeptics, could not make 

a definite judgement. 

 

 

http://www.guncelmeydan.com/pano/kuresellesmeye-yaklasimlar-t33822.html
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Figure 1: Duschamp, Fountain, 1917. 

(https://www.artsy.net/article/artsy-editorial-duchamps-urinal-changed-art-forever). 

 

The opinions that stay out of these two opposite discourses can be collected under the title 

of transformist discourse. From a different viewpoint, it includes a search for finding a compromise 

or adopting a third perspective. It is possible to see it as an attempt of eliminating the negativity, 

extremeness and ideological burden that both discourses give utterance to (Şen, 2008, p. 152). 

Transformists acknowledge the unifying power of modernity. The intimacy between transformist 

discourse and the perspectives that support globalization and modernization improves not only the 

economy but also the perspective to innovativeness. After all, an environment that human rights 

improve, rationalist approaches are adopted, art and design are supported and has freedom and 

democracy creates a modern country and perceptive that globalization spreads faster. What is 

being tried to make in Bauhaus and the schools of Village Institutes is to create a modern country 

as well as a modern art perceptive. 
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2.2. Bauhaus Ecole 

There has been a questioning about whether design is art or craft along with the modernist 

globalization movements that take place in 20th century. As a result of this questioning, the Notion 

of design has made its own way moving away from the notions of art and craft. Producing 

unaesthetic products with mass production caused the need for design in production process and 

the emergence of the institutes that aim to bring together the notions of craft and design (Gürcüm 

& Kartal, 2017, p. 1767). The most significant one of these institutes is Bauhaus, which was 

founded by Walter Gropius in Weirmar, Germany. 

Bauhaus concept aspired to prepare a proper environment for applied arts and fine arts to interact 

with each other removing the wall between them. The education basis of Bauhaus was founded on 

the workshop system that develops skills. (…) Workshops were used as a research laboratory and 

the modules that the industry needs were made in these workshops. For the first time, designs were 

made for the purpose of catering for the needs of the industry in Bauhaus; prototypes were built at 

textile, glass and ceramics workshops and produced in factories. For the first time, society had the 

chance of using the designs that were materialized by artists (Artun & Aliçavuşoğlu, 2014, p. 18). 

 

Therefore, the joint principle of Bauhaus can be summarized as “bringing a dead industry 

product back to life”. The purpose of Bauhaus was to transfigure today’s artist into a senior crafter 

at the same time (Becer, 2011, p. 103). Starting from this sense, craft has been accepted as a hand 

work occupation that requires skill and mastership while design has gained significance with its 

functional aspect. Design always aims to solve a problem. According to a design conception that 

adopts what is new and improving a new point of view; the most significant factor that guides the 

form should be the function. This approach has been formulated as “Form Follow Function”. 

Today’s conception of design has some differences when compared to the old conception. Today, 

design is quite satisfied with post-industrial technology and is ready to sacrifice semi-autonomy 

of architecture and art for manipulations of design. Although, it should not be forgotten that the 

industrial revolution that Bauhaus shaped has extended this exchange value system by means of 

involving all the indicators, forms and objects under the name of design (Foster, 2012, p. 35). 

Thus, Gropius aimed to restore the bonds among artists, architects, crafters and, industry after 

seeing the common roots of fine arts and design and combine art and industry (Artun & 

Aliçavuşoğlu, 2014, p. 18). 

A new aesthetic conception has emerged with art and design works in Bauhaus practice, the artist 

who is in the act of design has learned using different techniques simultaneously without harming 

his/her independent character and developing a rich form of expression. Art was above all the 

methods according to Bauhaus principles. Art could not be taught yet craft could. Workshops were 

founded for this reason. We can speak of a master-apprentice relationship in Bauhaus education 
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rather than a teacher-student relationship. A close relation was installed between the school and life, 

and also between the world of art and industry. Bauhaus became a school that raised an artist who 

bears social responsibility and is able to serve the needs of society. The borders between applied and 

fine arts vanished and an education system that aims to establish a close relation between art and life 

by means of design was practiced. Bauhaus made a major contribution to social change and cultural 

revival with this aspect (Artun & Aliçavuşoğlu, 2014, p. 20). 

 

Thus, Bauhaus is a cultural and artistic policy that emerged after modernism had caused 

social change. When its conceptual analysis is examined, it can be seen that modernity was 

interpreted as “a whole of examinations of culture and society that take place in a certain society 

and in a certain time” (Cauquelin, 2016, p. 19).  In this context, Bauhaus is the act of transforming 

design into a programmed social reform movement. Bauhaus, the source of social, cultural and 

economic renewal, is designing the innovation that resides in art. Bauhaus’s reliance in the 

possibility of the design of the new and in the possibility of constructing human and life just as art 

are derivatives of one another (Artun & Aliçavuşoğlu, 2014, p. 194). This is because this aspect 

was advanced by artists who adopted modernism principle in America and Europe in 20th century 

and who take it as their duty to use the power of design for social and cultural development. Thus, 

numerous workshops and occupations were constituted in Bauhaus in order to form the 

development of society through design. Workshops in Bauhaus are as follows: bookbinding, 

weaving, joinery and furniture, metal, stained glass, graphic print shop, printing, typography and 

advertising, and stagecraft. For example, in Figure 2, a weaving lecture is being given in a textile 

workshop. We can see in the photograph that boundaries vanishing with the effect of modernism 

changed not only the countries but also gender approach. A male teacher is giving a lecture of 

weaving which is generally associated with women to both male and female students. As 

mentioned in Walter Gropius’s manifest, it was aimed to create a new future wishing that all kinds 

of division between art and design or craft and design disappears. Gropius’s manifest proceeds as 

follows: 
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Figure 2: Texture lesson in Bauhaus textile workshop (Bauhaus-Archiv Berlin). 

(http://ghdi.ghi-dc.org/sub_image.cfm?image_id=4303&language=german). 

The ultimate goal of all art is the building! The ornamentation of the building was once the main 

purpose of the visual arts, and they were considered indispensable parts of the great building. Today, 

they exist in complacent isolation, from which they can only be salvaged by the purposeful and 

cooperative endeavours of all artisans. Architects, painters and sculptors must learn a new way of 

seeing and understanding the composite character of the building, both as a totality and in terms of 

its parts. Their work will then re-imbue itself with the spirit of architecture, which it lost in salon art. 

The art schools of old were incapable of producing this unity—and how could they, for art may not 

be taught. They must return to the workshop. This world of mere drawing and painting of 

draughtsmen and applied artists must at long last become a world that builds. When a young person 

who senses within himself a love for creative endeavour begins his career, as in the past, by learning 

a trade, the unproductive “artist” will no longer be condemned to the imperfect practice of art because 

his skill is now preserved in craftsmanship, where he may achieve excellence. 

Architects, sculptors, painters—we all must return to craftsmanship! For there is no such thing as 

“art by profession”. There is no essential difference between the artist and the artisan. The artist is 

an exalted artisan. Merciful heaven, in rare moments of illumination beyond man’s will, may allow 

art to blossom from the work of his hand, but the foundations of proficiency are indispensable to 

every artist. This is the original source of creative design. 

So let us therefore create a new guild of craftsmen, free of the divisive class pretensions that 

endeavoured to raise a prideful barrier between craftsmen and artists! Let us strive for, conceive and 

create the new building of the future that will unite every discipline, architecture and sculpture and 

painting, and which will one day rise heavenwards from the million hands of craftsmen as a clear 

symbol of a new belief to come (https://bauhausmanifesto.com). 

 

http://ghdi.ghi-dc.org/sub_image.cfm?image_id=4303&language=german
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Moreover, Gropius reflected theoretical information on recognizing the material, nature, 

geometry, biology, sociology, art history, modern art, structure, drawing, modeling and material 

and the information of the works by old masters to the education as a significant base of the 

education program. For this reason, there are three main educations that are taken as basis in 

Bauhaus. First and foremost of them is “handicraft training”. Second education involves painting 

and pattern drawing. Third one is the education in the fields of science and theory (Gürcüm & 

Kartal, 2017, p. 1780). Based on all this information, globalization and all kinds of social 

development movements that began with modernism have been tried to be realized with the help 

of the innovations applied to design in Bauhaus. Bauhaus discipline adopts “art for people’s sake” 

notion. Bauhaus’s contribution to society and age is hidden in its view on innovation and 

development. However, Bauhaus education institutions were shut down in 1933. 

 

2.3. Village Institutes Ecole 

Ecoles known as Bauhaus in the world and Village Institutes in Turkey are reflections of 

modernism, rationalist mindset and global policies. Bauhaus concept led to the establishment of 

Village Institutes in Turkey by means of its collective occupational training mindset. Village 

institutes targeted for the villagers to develop through awareness, villager children to be able to 

have education, the country’s need for teachers to be fulfilled and the development in agriculture 

to be increased just as Bauhaus targeted for art and design students to develop an innovative point 

of view. This is because the Republic of Turkey, which was tried to be established with a modern 

intellect, aimed for villages to develop through “Village Institutes”.  Village Institutes were 

educational institutions which was started be worked on in 1935, formalized with the accepted 

Law on Village Institutes no. 3803 on 17th April 1940, aimed the development of the villagers. 

(https://derstarih.com/koy-enstituleri-kurulus-amaclari/). Hasan Ali Yücel and İsmail Hakkı 

Tonguç are among the founders of these institutes. In the first years of the republic, 75% of the 

population lived in villages and the nation which had just come out of war had insufficient 

opportunities for education; so all these set the ground for the formation of the village institute 

system. Afterwards, 21 village institutes were established in Turkey. 

There were Teaching Schools in Turkey before the establishment of the republic. The teachers raised 

in these schools were urbanites, so they had difficulty in adapting to village life, understanding the 

problems of the villages and communicating. In addition to this, trained teachers were short in 

number but the villages without schools were many. Atatürk believed that schools to raise teachers 

who would raise villages must be founded. Yet to raise teachers in these schools took time. Educators 

taught how to read and write to the villagers and opened proper occupational courses according to 

https://derstarih.com/koy-enstituleri-kurulus-amaclari/
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the regions’ structure. They were named “Village Educator Schools” with the law no. 3704 in 1939. 

Atatürk stated that “it is important for education and training in every step of learning to be based on 

business principle for both our boys and girls” (Artun & Aliçavuşoğlu, 2014, p. 452).  

 

Village Institutes, a production of a successful synthesis of enlightenment goals of the 

republic just as Bauhaus’s modernist approach, the facts of the country and the data of 

contemporary pedagogy, was a movement regarding the villagers changing their own fate with a 

conscious leadership in the light of science (Aysal, 2005, p. 276). In this sense, Village Institutes 

are public institutions with a genuine education system established with the object of equalizing 

rural and urban in the modernization process of the Republic of Turkey (Çetin & Kıran, 2019, p. 

169). There are reflections of Bauhaus ecole in curriculum of Village Institutes such as attaching 

importance to vocational training, giving theoretical and applied lectures together, social 

enlightenment being attributed to a production based education system. The main goal of Village 

Institutes is “to teach how to learn”. Hence, people of the republic chose the Bauhaus ecole since 

it was the closest intellect to them. Furthermore, the lectures in Village Institutes were grouped in 

three sections. 50% of the classes were cultural and general knowledge classes (Turkish language, 

history, geography, civics, math, physics, chemistry, foreign language, teaching knowledge, 

music, drawing, reading books, debate, stage play, touring, researching etc.), 25% was on 

agriculture (field, garden, zootechnics, poultry raising, beekeeping, silkworm breeding, fishery, 

aquaculture etc.) and the other 25% was technical classes and practices (forging, tin works, 
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domestic crafts and handicrafts etc.) as can be seen in Figure 3 and 4 (Artun & Aliçavuşoğlu, 2014, 

p. 457). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Textbooks 

in Village Institutes. 

(https://www.ogretmensitemiz.com/egitim/-koy-enstitulerindeki-ders-kitaplari-h10494.html). 

https://www.ogretmensitemiz.com/egitim/65-yil-once-kapatilan-koy-enstitulerindeki-ders-kitaplari-h10494.html


2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Girls are learning beekeeping activity in the field. 

(https://www.intell4.com/anadolunun-isigi-koy-enstituleri-haber-182180). 

 

There are various activities such as deforestation of the field, floriculture, draining swaps, 

road and water channel making, making badlands productive and producing new plant species 

proper to the climate among the practices of the students of the institute. The institute gives place 

for bee hives and animal breeding farms including poultry houses and barns along with these 

cultivation areas. Workshops that focus on handicraft producing such as joinery, tailoring and 

metal working were available in every institute as part of technical classes and practices.  All of 

these activities are a part of the education, besides the acquired products met the needs of the 

institute they belong and not only that, they steered and supported local rural manufacturing style 

and range (Şimşek & Mercanoğlu, 2018, p. 269). In addition to all of these, art education was 

given importance in Village Institutes. Students in Village Institutes were recognizing world values 

by reading world’s classics, listening to music and making a theatre play. They could stage their 

own plays along with the world classics. Village Institutes have played a significant role in art 

fields such as literature, painting, music and theatre beside being a rural education institute (Artun 

& Aliçavuşoğlu, 2014, p. 457). Village Institutes were shut down in 1954 after transformed into 

teacher’s college just as Bauhaus. 

 

3. Results and Discussion 

https://www.intell4.com/anadolunun-isigi-koy-enstituleri-haber-182180
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Modernism caused change in many fields from economy to culture, from social fields to art 

in 20th century by eliminating the borders together with globalization. This change ensured the 

foundation of Bauhaus and Village Institutes, which created a mindset that is extant even today by 

making modernism turn into an ecole. Bauhaus, raising socially beneficial modern artists, and 

Village Institutes, raising socially beneficial young educators accepted the innovative power of 

modernism just as transformists that accepted the power of globalization sociologically. These 

ecoles, which have given education with a rationalist intellect, put positivist thought in the centre 

all the time. They emphasized that work and technique, applied arts and fine arts should take joint 

action. Craft concept of the medieval age surpassed the mass production concept of industrial 

revolution and thus enabled Bauhaus to be born. Thus, Bauhaus Design Ecole tried to find the 

subtlety, form and beauty of handicrafts in industrial products to create a style for the purpose of 

making German industry get ahead. For the first time, designs were prepared for fulfilling the 

industry’s needs, prototypes were made in textile, glass, metal, furniture, print and ceramics 

workshops and productions were made in factories (Gürcüm & Kartal, 2017, p. 1795). Village 

Institutes in Turkey contributed the country’s economy by marketing the handicraft products that 

the students of these schools and the villagers made. Village Institutes, established with the aim of 

giving education only to the children and adults living in villages, have made a significant 

contribution to the future and the past of a country both culturally and economically.  The students 

raised in these schools were sent to other cities in Turkey as teachers and raised a great generation 

there. The ones that were not teachers stayed in the villages and revived the regional economy with 

the lessons they took at the school such as beekeeping, agriculture and animal breeding. After all, 

great opportunities were missed in education because of the shutdown of Bauhaus and Village 

Institutes.  
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Abstract 

 

Hard turning is an alternative machining process to grinding for finishing of hardened steels. Hard 

machining is compared to grinding has some benefits such as more flexibility, lower investments 

lower energy cost, fast material removal, easy chip control, no coolant. The dimensions and surface 

quality of the workpiece are the most important parameters after hard machining process. For this 

purpose, an experimental investigation was conducted to determine the effects of cutting tool 

material, feed rate and cutting speed on surface roughness and tool wear in hard turning of AISI 

52100 steel (62 HRC). Machining experiments were conducted in a CNC lathe using CBN and 

ceramic cutting tools. Surface roughness measurements were performed by using a Mahrsurf PS1 

device. Four different cutting speed and three feed rate and constant depth of cut (0,1 mm) were 

used as machining parameters. wear modes were evaluated by tool makers’ microscope. The 

results showed that flank and crater wear are the more common wear pattern in both CBN and 

ceramic inserts. However, increase in cutting speed and number of machined parts also produced 

relatively higher tool wear. CBN inserts produced good surface roughness and more tool life than 

ceramic inserts. The low feed rates increased the surface quality of machined surface. 

 

Keywords: Hard turning, Tool wear, Surface roughness, CBN, Ceramic 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 
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Machining of hardened materials includes rough machining to the near net shape, heat 

treatment to the required hardness, and then grinding process to the final dimension. Generally 

grinding is used for finishing processes. Hard turning is currently used to alternative to the grinding 

operations for finishing in hardened steel parts with hardness over 45 HRc. Manufacturing industry 

and scientific research are interested in cutting hardened steels due to the recent advances in 

machine tools and cutting tool materials. Hard turning provides some benefits to grinding for the 

finishing of hardened steel like higher material removal rates, more flexibility, lower energy 

consumption, elimination coolants, and shorter set up time in complex parts process [1-4].  

The tool materials, CBN and mixed ceramics, are used in hard machining operations, due to 

their high hot hardness, high wear resistance, chemical stability, strength at high thermal and 

mechanical loads. CBN has a higher hardness than ceramic tools. The properties of CBN tools 

affected by CBN content, binder, grain size and distribution. CBN tool are generally categorized 

in low and high CBN content grades. While high CBN content grades include roughly 80–95% 

CBN and a metallic binder, low CBN content grades occur about 40–70% CBN and TiC or TiN 

ceramic-based binder. High CBN content makes tools harder and preferred them interrupted 

operations. Although ceramic phase content losses in hardness and toughness, increases chemical 

stability. Research to date, the best performance on tool life and surface finish in hard turning has 

provided by low CBN content cutting tools. CBN’s costs are compared to carbide, still not cheaper 

inserts, because of these inserts cost must be carefully selected [5-9]. 

The cutting conditions in hard turning affect surface roughness and surface integrity, the 

material removal rate and tool wear. Tool wear is common and complex phoneme in all the 

machining processes and depend on the hardness of the work materials, cutting tool materials, 

cutting tool geometry, rigidity of the machine tool, heat and chip formation and cutting parameters 

Tool wear is more crucial in manufacturing because it affects the surface integrity tool life, 

machining costs and dimensional accuracy. There are different tool wear mechanisms in literature 

such as abrasion, adhesion, diffusion, fatigue, and chemical wear. The main observed wear patterns 

are crater wear, flank wear, notching, thermal shock cracks, nose wear, chipping, tool breakage, 

and built up edge as classified. Flank wear and crater are the most noted wear patterns in hard part 

machining [7,10-13].   
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Many studies have been conducted to analyse the tool wear and wear mechanisms in the 

hard turning by using CBN and ceramic cutting tools. Kaçal and Yıldırım studied the hard turning 

of hardened AISI S1 cold work tool steel with ceramic and CBN cutting tools. Performance of 

ceramic and CBN tools were evaluated by means of machining force, surface roughness and tool 

wear. For CBN and ceramic inserts, with increasing cutting speed increased the flank wear. They 

reported that machined surfaces at grinding quality obtained after the turning of hardened 

workpiece [14]. De Oliveira et al. studied the performance of CBN, and whiskers reinforced 

ceramics in continuous and interrupted hard turning with constant cutting conditions. Their results 

showed that, in continuous turning, the longest tool life is achieved using PCBN, but similar tool 

life is attained in interrupted turning using both PCBN and ceramic. In terms of roughness, the 

PCBN tools showed better results for continuous and interrupted surfaces [15]. The tool life and 

surface roughness in hard turning of AISI 52100 steel using ceramic and PCBN cutting tools were 

evaluated by Benga and Abroa.  The best tool life and surface roughness values were obtained by 

using PCBN tool. The performance of the mixed alumina tool at low feed rates was better than the 

whisker reinforced alumina [16]. Zhou et al. investigated the effect of chamfer angle on CBN tool 

wear. They also examined the relationship between cutting forces, tool wear and tool life. For this 

purpose, they have performed hard turning tests on 100Cr6 steel materials with 60 - 62 HRc 

hardness with CBN cutting tools having different chamfer angles. The experiments were carried 

out at a cutting speed of 160 m/min, feed rate of 0.05 mm and a depth of cut at 0.05 mm without 

the use of coolant. For CBN cutting tools with a honing radius of 0.01 mm, five different values 

(0, 10, 15, 20 and 30°) have been selected as the chamfer angle. Tool life tests were carried out 

until a flank wear band with value of 0.2 mm was reached. The longest tool life was achieved with 

a cutting tool with a chamfer angle of 15° [11]. Thiele et al.  investigated the effect of cutting insert 

geometry and workpiece hardness on surface roughness and cutting forces in the turning of 

hardened AISI 52100 steel material, concluded that insert geometry significantly affected the 

machined surface properties. They stated that the increasing radius of the surface increases the 

average surface roughness value due to the increased ploughing effect of the cutting insert. 

However, the effect of the tip radius on the surface roughness decreased with increasing workpiece 

hardness. They also stated that insert geometry significantly affects axial and radial cutting force 

components [17]. 
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This paper investigates performance of CBN inserts and the effects of cutting parameters 

on surface roughness and tool wear in hard turning of bearing steel. 

 

2. Material and Method 

 

2.1. Experimental Conditions and Equipment’s 

 

In this study, the through hardened at 62 HRC and tempered AISI 52100 bearing steel was 

used as a workpiece material. The cylindrical specimens with a diameter of 45 mm and length of 

200 mm applied in these studies (Figure 1). The cutting tools used were commercial grade TiN 

coated low content CBN inserts produced by Sandvik Coromant with the geometry of DCGW 

11T304 S01020. These inserts are recommended for machining hardened steel by Sandvik and 

had CB7015 Sandvik grade (ISO H15) with chamfered + honed edge geometry. These inserts were 

clamped mechanically on a rigid tool holder with an ISO designation of SDJCR 2020 K 11 

Longitudinal turning was conducted on CNC lathe (Johnford TC35).  Three cutting speeds (100, 

120,140 and 160 m/min), three feed rates (0.06, 0.08 and 0.1 mm/rev) and a constant depth of cut 

at 0.1 mm were used.  

The flank wear width was measured after every 60 mm length using a tool maker’s 

microscope (Nikon SMZ 745T), CCD camera and image analysis software (Clemex Captiva). 

After the tests cutting tools were taken to a scanning electron microscope ((JEOL JSM 5600 SEM) 

for analysis of the worn region. All cutting operations were performed without using coolant. 

Average surface roughness (Ra) value was measured according to ISO 4287 standard. Ra 

measurements with a cut-off length of 0.8 mm and sampling length of 5 mm were carried out by 

using a Mahrsurf PS1 instrument. The evaluation of Ra values was calculated by average 

roughness values reading from positions of machined surface. 
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Figure 1. Experimental set up 

 

3. Results and Discussion 

 

3.1. Evaluation of tool wear 

 

Wear mechanism plays an important role to understand the wear phenomena occurring on 

cutting tool life. Flank wear generally attributed to rubbing of the tool with work material at the 

interface, causing abrasive or adhesive wear and at high temperatures. Flank wear has a major 

negative effect on the dimensional accuracy and surface finish. When the chips moving on the rake 

face with heat moves slowly and forms crater. This wear occurs on the rake face of the tool. The 

crater wear affects the tool geometry. Low feed rates and depth of cut use in hard turning. Chips 

formation especially takes place on the chamfer, so tool wear occurs on chamfered face. 

 The effects of cutting parameters on tool wear performance were investigated using tool 

maker’s microscope for CBN cutting tool. Figure 2.  shows the optical image of the flank band on 

CBN cutting tool face for different cutting parameters after 540 mm length. Wear tests were 

performed for each parameter. In each trial, the flank wear band was measured after every 60 mm 

length using tool maker’s microscope. 
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Figure 2. Optical images of flank wear after 540 mm machined length. 

 

The flank wear band with (VB) was given as a function of machining length with different 

cutting conditions which demonstrated in Figure 3. The cutting speed was the most significant 

cutting parameter, generally affected the cutting tool life. The nominal flank wear band width was 

obtained at low cutting speed and feed rate. The flank wear land width increases with increasing 

cutting speed and machining length. The highest flank wear band widths were obtained at 140 

m/min, 0,06 mm/rev, 120 m/min and 0.8 mm/rev and 100 m/min, 0,1 m/min. respectively. The 

wear mechanism was revealed similar tendency for all cutting parameters. It observed that the tool 

wear increased with the increase in cutting speed. The feed rate has less influence on flank wear 

rate than cutting speed. As the cutting speeds and feed rates are increased, contact time decrease, 

but the rubbing action speeds up and generates more heat. The generation of heat at flank side 

softens the cutting edge and causes the varied wear mechanism. The high cutting speeds erodes 

the tool faster and reduces the tool life. Fig. 4 displays a typical flank wear and crater wear profiles 

on a CBN cutting tool. 

f= 0.06 mm/rev 

 
   

 V= 100 m/min V= 120 m/min V= 140 m/min V= 160 m/min 

f= 0.08 mm/rev 

    

 V= 100 m/min V= 120 m/min V= 140 m/min V= 160 m/min 

f= 0.1 mm/rev 

 
 

  

 V= 100 m/min V= 120 m/min V= 140 m/min V= 160 m/min 
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    a)         

 b)                              

 

 

 

 

 

 

 

 

c) 

Figure 3. Flank wear width versus the machined surface lenght at different feed rates, a) 

0.06 mm/rev, b) 0.08 mm/rev c) 0.1 mm/rev 

   

It can be seen from Figure 4 and 5 that crater wear were observed on the cutting tool. The 

crater wear formed on the edge chamfer of the rake face due to using low feed rate and depth of 

cut in hard turning. Increasing the cutting speed and feed rate, the crater wear grew gradually larger 

on cutting tool as increased cutting times. It is noted that the crater size increases because of 

abrasive mechanism speeding up with increasing cutting speed. The tool hot hardness decreases 

as the cutting temperature increased in contact area. This accelerate the material loss from the tool 

surface. As crater wear enlarged, geometry of the tool changes and led to weakening of cutting 

edge. The width and depth of crater wear not measured in this study.  
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Figure 4. Detailed SEM analysis of CBN tool 

  

Figure 4 illustrates scanning electron micrographs for the rake and clearance faces at after 

machining of 540 mm length for CBN cutting tool. The analysis of the SEM images showed that 

the existence of wear grooves on tool flank surfaces along the cutting speed direction. This 

phenomenon what reported in literature is the result of the abrasive wear.  The formation of a crater 

wear and flank wear land typical of what is commonly observed in hard turning have been observed 

on the rake and flank face on CBN cutting tools. SEM pictures of the CBN cutting tool at different 

cutting parameters after machining 540 mm length were given Figure 5. the combination of 

adhesion and abrasion wear mechanisms on the rake face was observed in SEM analysis in Figure 

5 and 5. Abrasion wear can also of martensitic matrix and the removal of tool binder by hard 

carbides from workpiece material. Also, diffusion wear can be seen when the cutting tool reached 

higher temperatures at high cutting speeds. This decreases the resistance of the cutting tool and be 

insufficient to prevent flank and crater wear. As seen in Figure 4 and 5, a minimum chip sticking 

(Built-Up-Edge) took place on the cutting tool edge all cutting parameters. It can be seen Figure 4 

and Figure 5; notching and no chipping of cutting tools was not observed during the machining 

process. This indicates that selected cutting parameters was suitable for hard turning. In Figure 5, 

there is some catastrophic failure on CBN cutting tool at 120 m/min and 0,08 mm/rev. 
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Figure 5. SEM images of CBN cutting tool at different cutting parameters 

 

3.2. Evaluation of Surface Roughness 

 

The interaction effect of feed rate and machining length on surface roughness is given in 

Figure 6, a,b,c,d respectively. The Ra significantly increased with an increasing feed rate. The 

surface roughness exhibits a linear relationship with feed rate in hard turning. The increase in the 

surface roughness with increasing the feed rate is due to increasing chip load. It is seen that; the 

minimum surface roughness occurs at lower values of feed rate and machining time. This is 

because, an increase in feed rate increases the thrust force, generating more heat and thus resulting 

V= 100 m/min 

   
 f= 0.06 mm/rev f= 0.08 mm/rev f= 0.1 mm/rev 

V= 120 m/min 

   
 f= 0.06 mm/rev f= 0.08 mm/rev f= 0.1 mm/rev 

V= 140 m/min 

   
 V= 100 m/min V= 120 m/min V= 140 m/min 

V= 160 m/min 

   
 f= 0.06 mm/rev f= 0.08 mm/rev f= 0.1 mm/rev 
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in higher surface roughness. It is observed from figure that the surface roughness after machining 

540 mm length is minimal at 0.08 mm/rev feed rate. Further, it can also be seen from this figure 

that the influence of machining length on surface roughness is higher than feed rate. The flank 

wear and crater wear affect the surface quality. The graphs indicate a gradual deterioration of 

surface roughness with increasing machining length at 0,06 mm/rev feed rate. In particular, the 

worst surface roughness was achieved with a machining length of 540 mm. The reason for this is 

the breakage on the edge of the cutting tool as shown in the Figure 6. 

a) Cutting Speed 100 m/min a) Cutting Speed 120 m/min 

a) Cutting Speed 140 m/min  a) Cutting Speed 160 m/min  

 

Figure 6. Surface roughness versus the cutting time at different cutting speeds, a) 100 

m/min, b) 120 m/min c)140 m/min d) 140 m/min 

 

The surface roughness values decreased with increasing machined length at 0.08 mm/rev 

and 0,1 mm/rev. There was an improvement in surface roughness, especially with increasing 

cutting speed. With a cutting speed of 160 m/min and feed rate of 0.08, a decrease in surface 

roughness was observed as the machining length increased. This can be attributed to the reduction 

of the cutting forces as the cutting speed increases. In addition, sidewall wear on the cutting edge 
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causes the insert to flatten, which changes the geometry of the cutting tool. These changes in the 

cutting tool reduce the surface roughness. 

 

4. Conclusion 

  

This paper presents an experimental study on effects of cutting parameters on cutting tool 

wear by a hard turning process. The following conclusions can be drawn: 

Experimental results showed that wear mechanisms are affected by both cutting speed and 

feed rate.  

The main wear modes were observed flank and crater wear on the CBN cutting tool. 

The most major tool wear mechanism in hard turning have been seen to be abrasion and 

adhesion. 

Minimum surface roughness was obtained at 0.06 mm/rev feed rate. With increasing 

machined length time and flank wear band width have observed deterioration on surface 

roughness. The feed rate and machined length were the most significant parameter for the surface 

roughness. 
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Abstract 

 

Given the developments in the history of humanity, the speed and change of the trend towards 

computer technologies has been surprisingly affecting everyday life in almost every aspect. In the 

information age, everyday life is now composed of algorithms and codes. Now, computers manage 

lives and provide a safer, faster and more comfortable life. But even in the midst of major changes 

and technological developments, it is not possible to draw a sharp line between the present and the 

past. Considering the historical process of visual culture, we cannot say that 

one period followed another. Because there are no sharp lines between these periods. A medium 

is usually not only separated visually, in spelling and materially, because these channels often 

overlap and merge together. The visual memory of humanity has brought all the media into a 

hybrid form. Although the technology has provided new opportunities, no medium has been 

completely destroyed, completely changed or replaced, but they are overlapping. This is referred 

to as post-digital in visual culture, and its short definition is the transformation of art, design and 

media after digitalization. In this study, this transition between media, post-digital concept and its 

possible effects on contemporary design will be discussed. 

 

Keywords: post-digital, visual culture, design, digital technology 
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1. Introduction 

 

Diversity caused by new technologies has led to the unification of disciplines and freed up 

the working fields by removing borders between the different disciplines. The applicability of 

interdisciplinary studies has become increasingly common. Especially, interdisciplinary studies in 

the field of design, which has a wide range of production techniques and media, have increased 

the areas dominated by the designer. 

With technological developments, in a way designer's work has become easier and but at the 

same time more complex. Computers and technology make a design process clearly faster in a 

more variant way but that does not necessarily mean that in the end it is a good articulated design. 

Having mastered these technologies, the designer is able to reach what he wants to achieve more 

easily and use the technology as a tool that serves his purpose. However, in order for his own 

design to stand out in the face of the thousands of visuals revealed, he must step out of the existing 

patterns and struggle to find the new, unusual and different more than ever. At this point, the 

designer chooses to benefit from the new materials provided by digital technology and the freedom 

of using interdisciplinary elements (Taşçıoğlu, 2013, p. 117). 

Although new media and technology is not always new. Each year with technology, our 

computers and smart devices are equipped with new features based on previous cultural needs or 

habits. One can see visual culture as an interpretive. According to Guy Julier; when visual culture 

is considered, we cannot say that one period followed another. Because there is no sharp historical 

line between these periods. He spoke of the literary and visual ages and emphasized that they were 

not separated from each other with definite lines. All channels are hybrid, and no medium is 

completely destroyed, completely changed or replaced from its predecessor (2006, p. 66). With 

the addition of new technologies, they continue to exist only together and at the same time. The 

same is the fact that oil painting still exists and that digital painting techniques can be used at the 

same time. Bal, calls this hybridity mixed (2002).  A medium is usually not only separated visually, 

literary and materially because these channels often overlap and merge together. This paper 

explains the term “Post-digital” in visual culture and analyse it through some examples especially 

in printed media and how different mediums changed in time with digital technologies. The aim 

of this study is also to explain the term as it is often misjudged as a new media movement with 

supporting thoughts of media theorists and researchers of visual culture. Mitchell argues that we 
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can understand that we are in the age of visual culture, when the perception of visuality is ordinary 

and mundane (Mitchell, 2002). From this point of view, it is not always possible to talk about a 

calendar with precise lines by mentioning the history of new visual technology. When we consider 

the historical process of visual culture, it is possible to see that these channels are mostly related 

and overlapping.  

2. What does Post-Digital mean? 

According to Cramer; “Post-digital as a term should not be understood in the same sense as 

Postmodernism as if some era ended and the other started. It has a meaning of continuation of both 

past and present combining the two.” (2015). It describes cultural shifts and ongoing mutations, 

It’s a transformation of past cultural habits that have left their mark in the society and culture into 

new cultural customs and patterns. It means it carries features of both old and the new. It forms an 

‘hybrid form’ and it belongs to both past and the future. 

Therefore, post-digital can mean; the condition of the society that carries all the information 

from the past, after the computerization, digital age, global digital networking, and big data. 

Shortly, post digital is the messy state of media, arts and design after the digitalization of the 

communication ways. Today, some contemporary artists are against post-digital products and 

focus on the new but for some, post-digital are becoming and forming the trend of the society. It 

can be said that 19th century Arts and Crafts movement is sort of repeating itself. Among 

contemporary artists, there is an inclination for the handmade products such as printmaking, 

analogue works of arts, limited vinyl records, etc. And there is more demand for these 

handmade(traditional) products. They are producing works that used to belong to the past and 

create something new in this digital world. Cramer states that a study proved a clear preference for 

working with non-electronic media among contemporary young artists and designers. About 70% 

of them would rather make a poster than a website if they are given choice (Cramer, 2015). Also, 

there are tools and software that mimic the exact effect of a real brush (See Image 1). Creating 

designs on digital devices which looks like it’s done traditional ways are something often used by 

artists. Using technology but while still holding on to old ways. Drawing tablets and the works 

produced on them can be one example for this term.  
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Image 1. A drawing tablet sketch on screen. 

 

Post-digital can work both ways: It can be a digitization of an old media. such as; newspapers 

and how the internet is a fastest way to get new information. Or it can be a form of traditional 

media on a digital device. Such as; drawing tablets, digital-analogue cameras etc. According to 

Cramer, ‘Post-digital’ is positioned against the notion of ‘new media’. As it’s not new but a hybrid 

form of old and new, it cannot be counted as new media. There is no distinction between “old” 

and “new”. Whereas it should not be counted simply as “Vintage”, because post-digital is not 

something simply to revive the old media technologies, but gives them a new function and 

repurpose unlike vintage (2015, p.12).  

When the post-digital printed publications are taken into consideration, it is seen that 

digitalization cannot kill the traditional. In addition, it helped to determine the new definition and 

role of traditional. As printed products become increasingly valuable and collectible, digital 

publishing continues to develop and grow. At this point, the paths of analogue and digital concepts 

often start to coincide. In this way, hybrid products and media pave the way. 

Examples of hybrid formations arising from the merger of printed and digital publications 

are Square (QR) Codes. It is possible to access detailed information in digital format thanks to the 

QR code placed on a printed publication of traditional format. Thus, a hybrid area consists of a 

combination of analogue and digital channels. 

The application of the QR code that contains information and memories of the deceased is 

known as Remembrance Code in the market. This product, which emerged from the combination 
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of new and old methods, is an example of hybrid media. Many possibilities arise from the 

combination of digital and printed products (See Image 2 and 3). 

 

 
 

Image 2. Image of a remembrance code with QR code applied. 

 

The use of hybrid media as a type of publication can be achieved by overlapping content as 

well as appearance and interface compatibility. The hybrid medium is not just a form of 'printing 

a series of articles that are automatically assembled in a digital environment', or a combination of 

certain parts. A hybrid product arises from the fact that the digital software contains a strategy and 

content, and that the analogue medium finds a suitable frame for that content and puts it in a 

context. Hybridization can only be achieved through suitable conceptualization (Ludovico, 2013, 

p.5).  
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Image 3. A smart phone case also works as a sticky note pad. 

 

Given the relationship between paper and pixel, one of the hybrid features in printed 

publications is given by William Gibson. In 1992, Agrippa - A Book of the Dead published an 

electronic poem which was available in addition to a limited special production book (See Image 

4). This poem, which comes in a floppy book, only moves forward once it is opened, and once the 

page is read, it cannot be restored and is completely erased from the floppy disk. This software 

gives the user a unique and exclusive experience, allowing the user to change only the page 

forward (Ludovico, 2012, p. 47). 

Based on the same logic, the physical book has been made sensitive to light by means of 

special chemicals and the text used in the book fades from the moment it is exposed to light and 

disappears completely in time. This book of art, seen as a reflection of the decline of faith as a 

material on paper, sheds light on the uncertain future of publishing, and at the same time how it 

tends to intertwine with each other in the fate of paper and electronic media (Ludovico, 2012, p. 

50). 
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Image 4. Images from Agrippa’s A Book of the Dead 

 

In 1996 Dick Higgings; a member of Fluxus, which is an international and interdisciplinary 

group of artists, composers, designers and poets in the 1960s and '70s, mentioned the concept of 

Intermedia in an article for the first time and argued that the exciting side of the works of the period 

was the works of art produced by using different media and inspired by different fields (Higgins, 

1966). The intermedia concept of the media helped to form the basis of today's interdisciplinary 

work. The Intermedia Chart produced by Higgings, classified the points where different disciplines 

interact and intersect with each other. More than half a century later that Higgings' chart and the 

term they put forward are still valid. Electronic media influenced artists' working processes and 

radically changed the visual culture. In 1928, Moholy-Nagy predicted that LED signs would be a 

new field of expression in art and design. (Shanken, 2009, p. 18).  

Media has transformed itself to fulfil the tasks of the new media and the present conditions. 

In other words, ‘new’ media formed by the renewal of the old media (Crowley, 2016, p. 11). Given 

the current position of posters or printed publications, it can be seen that in the 21st century, 
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designers still broadcasting or producing in traditional ways are starting to worry about the future 

of printed media and are using all the means to transition from analogue production to digital 

production. They use different digital media according to the requirements of the project. Cramer 

argues that instead of separating these two phenomena into two different concepts as digital and 

post-digital, they should be seen as a continuation of each other. He thinks that this change is more 

of a mutation.  

3. Conclusion and Discussion 

After digital technology, mediums are going through hybridization by changing and transforming. 

This change is not something comes easy and suddenly. While creating a different medium that 

can replace the old, it is necessary to challenge the defeated medium, to develop a new and original 

aesthetic understanding in response to the characteristics of the new media and to create the 

necessary and appropriate content to keep up with the contemporary situation. As stated in this 

paper, post digital means using the most appropriate technology for the job. In the current digital 

age, the development of technologies and their availability are not necessarily the only answer in 

all circumstances. When necessary, an old medium is used for the combination of old and new 

channels or vice versa. To give the traditional media a new function is a post-digital approach. 

Taking into consideration the post-digital printed publications, it is seen that digitalization cannot 

kill the traditional. It has also helped to define the new definition and role of traditional. The hybrid 

forms such as internet posters, QR codes, digital note taking applications, analogue looking 

headphones, are post-digital products of the digital era. A lot of electronic media has a history of 

being analogue once and it can be seen if its analysed in a media archaeological way. The topic is 

open to any further discussion if new media is really based on old media and it is a product of 

hybridization. Printed media and posters’ journey in electronic media will be taken into 

consideration as a further research topic. 
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Abstract 

 

With this research, in the Contemporary Art as a Graphical language, Digital Art concept will be 

explained in terms of editing in the Computers environment. In this context, it will be clarified 

with giving examples using the Light as a material in Digital Art. İt will be examined the use of 

the Light in Digital Art and the subject of transforming into Contemporary Art form. The aim of 

this reasearch is to analyze the contributions of digital art and light usage in contemporary art to 

the change / transformation processes in time. 
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1.1. INTRODUCTION 

It has been recognized that many artists in visual arts field have started to use technological means 

alongside the traditional production methods as an artistic form of expression since the second half of the 

20th century with the influence of ever-developing age.  

“Traditional artistic activities such as painting and sculpture have begun to have a transformation with 

the influence of digital technology since the beginning of the development and new works that are created 

with the use of digital technologies are accepted as artistic practices” (Hodge, 2014: 201). 

Heterogeneous structure of postmodern culture has caused different disciplines to have close 

relations with one another as a result of this technological development that the age conveys. This 

interdisciplinary status also has caused digital art to be merchandise inside contemporary art. Besides, 

galleries being turned into a different ambience in which the viewer becomes integrated with the art work 

have had an impact in the development of digital art.  

Art and technology are becoming concepts that affect one another and art is changing along with 

technology. Digital art concept is a phenomenon that moved up a gear in 2000s. In general sense, art 

being regenerated with computer techniques have produced digital art. Digital art caused interdisciplinary 

convergence and began to find voice along with art, design and technology. 

1.2.DIGITAL ART: A GRAPHICAL EXPRESSION IN CONTEMPORARY ART  

Digital art is an art form and practice developed with the emergence of virtual environment after 

1980s. These practices wormed its way in contemporary art due to the fact that artists in search pushed 

the limits of method and correlated it with works of art.  

 

“Digital art concept began to be used with the access granted to the World Wide Web service in 1980s. 

This web was established by Timothy Berners- Lee (1955) in 1989 for the physicists working in the 

European Organization for Nuclear Research (CERN) to discover and share globally vital data via the 

computers connected to the internet. Some of the first people who made use of this web were artists and 

they had the chance to express themselves that no artist before them had” (Hodge, 2014: 200). 

Art has gained an integrated aspect with the art perception that obtained a new dimension/meaning 

with postmodernism, contemporary era artists’ search for new technique and technology; the limits of 

the method have been pushed. This digitalization taking place in art has added a new dimension to art 

practices with the synthesis of different approaches. 

“Art made with computer is a total of artistic works structured in a world that consists of zeros and 

ones. Mathematics and electronics based digital art consists of structures made of zeros and ones. They 

become physically visible through the instrument of display/monitor, surface or backdrops (such as 

printer/plotter print)” (Tuğal: 2018, 115). 

Objects of art that are created in digital environment are still being discussed stylistically by art critics 

in that they are created with the facilities of technology. At this stage, phenomena ingenerate in itself 
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with the concern that the artist has and the content contextual meaning submits the value of digital art 

as a work of art to the viewer. 

Digital art comprises art forms such as Generative Art, Net Art and Processing that are digital art forms 

which are digital in nature and use the facilities of the internet and the digital structure (Tuğal: 2018, 115). 

 

 

Generative Art - Walk Through Raster, Frieder Nake 1966 

Victoria and Albert Museum online collection 

 

 

 

 

Net Art- Donalt Hanson, (https://brokenscreen.online is an abstract live render artpiece made with JavaScript running 

in the browser. The scene consists of four actors. Four cubes- two wireframe and two opaque. The wire cubes slowly form 
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patterns in the background as the opaque cubes leave a trail of pixels wherever they go. Each cube erases the others’ 

history.) 

 

1.3.  FORMATION AND DEVELOPMENT PROCESS OF THE LIGHT CONCEPT IN ART 

 

“Electrical and electronic technologies which are at the heart of digital art are the modern light art 

that Frank Popper defined. Video art, laser holography, cybernetics, computer, multimedia and www; the 

internet are main fields of art that compose modern light art in a wide period of time ranging from 1920s 

to today” (Tuğal: 2018, 44). 

We frequently see light concept, which corresponds to philosophy of art, in the works of art both with 

its significance in contemporary art and its remarkable effect on the viewer.  Light as an element of digital 

art assigns a significant meaning to the artworks with the philosophy within itself along with it exhibiting 

quite an impressive appearance in galleries and venues. This meaning is becoming stronger with the 

illuminating and spectacular effect that the light holds in it and the effect of the ambience that it provides 

to the environment apart from the meaning that the artist attributed to the light. 

“Art of Luminia has emerged with the occasion of Danish artist and musician Thomas Wilfred, who 

was impressed by synesthesia and works of light of French Loius- Bertrand Castel who lived in 18th 

century, developing the instrument “Clavilux” between the years 1905-1910.” (Tuğal: 2018, 45). 
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Thomas Wilfred, Unit #86, Clavilux Junior Series, 1930, metal, glass, 

electrical and lighting elements, and an illustration-board screen in a wood cabinet.  

CAROL AND EUGENE EPSTEIN COLLECTION 

 

 

Thomas Wilfred, Study in Depth, Op. 152, 1959. Projector, reflector units, electrical and lighting 
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elements, and a projection screen. 

HIRSHHORN MUSEUM AND SCULPTURE GARDEN, SMITHSONIAN INSTITUTION, WASHINGTON, D.C. 

“Using light as an art object was first seen in 1940s. The first work amongst the art works that were 

created using light amongst the art works that pure light constitutes the main environment in 20th century 

is  the work titled Madi Neon No.3 designed by Argentinean artist Gyula Kosic. Amongst other artists who 

work with this technique, we can see American Dan Flavin, James Turrell and Bruce Nauman.” (Tuğal: 

2018, 54). 

 

 

Gyula Kosice, Argentinean, Estructura lumínica Madí 6 Luminescent Madí Structure No. 6, 1946, Neon gas, 

Plexiglas, and wood box. 

MUSEUM PURCHASE FUNDED BY THE CAROLİNE WİESS LAW ACCESSİONS ENDOWMENT FUND 
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Dan Flavin, untitled (in honor of Harold Joachim) 3, 1977, pink, yellow, blue, and green fluorescent light, 8 ft. 

(244 cm) square across a corner, Photo: Billy Jim, New York © Stephen Flavin/Artists Rights Society (ARS), New 

York 

 

James Turrell, ‘Skyspace: Air Apparent’, 2012.  
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Bruce Nauman Double Poke In The Eye II, 1985 neon construction 24 x 36 x 11 inches (61 x 91.4 x 28 cm) 

 

“All theoretical researches and experiments have changed the way the artists perceive light and they 

reflect it to their works. All suggested theories and committed experiments regarding the light expanding 

in the form of corpuscle and wave are among the essential values that form 20th century.” (Tuğal: 2018, 

54). 

1.4. PLACE OF LIGHT AND FORMS OF USING IT AS A DIGITAL ART IN 

CONTEMPORARY ART 

It is clear that today there is no sharp lines between the works produced with traditional art disciplines 

and the experimental works produced with the use of the facilities of new media and digital technology. 

The use of light in contemporary art is commonly seen, besides the light contributes to viewer based 

artistic works. The environment in contemporary art galleries that the viewer is in, turns into a different 

ambience from a museum and that is explained with pushing the limits of technique and digital techniques 

showing in the galleries. 

“In the basis of laser, holographic structures, video art, computer and communicative art that have 

become a current issue with the advancement of light technologies, there are luminokinetic experimental 

works, neon art and ambient light art.” (Tuğal: 2018, 51). 

“The artists who are interested in light and the effects of the reflections that are created with light 

have produced various examples in 20th century. Many Op Art artists have produced luminokinetic works 

that work with light experimentally. Argentinean artist Julio Le Parc reflected the dynamic animation of 

the void and the transition between the lights with light in his works.” (Tuğal: 2018, 56). 
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Julio Le Parc: Form Into Action 

 

 

Julio Le Parc: Lumière 
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Art produced with light and perception styles have been changed depending on technology with the 

discovery and creation of new light forms. (Tuğal: 2018, 57). This change lead to the constitution of a 

system that; includes the viewer into the art work, changes the classical gallery system and turns it into a 

different ambience. The artist constitutes his/her work with different perception styles of light and this 

work turns the viewer and itself into a different form. 

1.4. CONCLUSION 

We are in such a period that digital art is still being discussed by virtue of it being created with the 

facilities of technology. Nevertheless, digital art is performed by an artist after a creative process just as 

it is in all art fields. This process has gained recognition in galleries and in contemporary art when 

evaluated in the context of artist and viewer. This research shows that digital art as a graphical language 

and light art has a significant place in contemporary period.   

Consequently, digital art sees value by the viewer today as well as establishing an active presence in 

contemporary art galleries. Light art as an element of digital art, can be seen to have a significant place 

from past to present when evaluated in terms of the impression it leaves on the viewer and the richness 

it adds to contemporary art and in the context of the value that the facilities of technology add to art. 

 

“And my pictures shall be bright, brighter than the present world”- Otto Piene 

 

REFERENCES 

Hodge, S (2015) 50 Sanat Fikri. İstanbul: Domingo, Bkz Yayıncılık 

Avcı Tuğal, S (2018) Dijital Sanat. İstanbul: Hayalperest Yayınevi 

 

INTERNET REFERENCES 

Young- Helmholtz Kuramı, http://philsci-archive.pitt.edu/11279/1/The_Young-%28Helmholtz%29-

Maxwell_Theory_of_Color_Vision.pdf, s.9-10 Erişim tarihi: 21.12.2018. 

 

http://philsci-archive.pitt.edu/11279/1/The_Young-%28Helmholtz%29-Maxwell_Theory_of_Color_Vision.pdf
http://philsci-archive.pitt.edu/11279/1/The_Young-%28Helmholtz%29-Maxwell_Theory_of_Color_Vision.pdf


2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

Christine Paul, A Companion to Digital Art, http://about.mouchette.org/wp-

content/uploads/2018/02/Christiane_Paul_A_Companion_to_Digital_Artb-ok.org_.pdf, s.2-3, Erişim 

tarihi: 21.12.2018.  

 

Atan, Uçan, Bilsel, Dijital Sanat Uygulamaları Üzerine Bir İnceleme- DergiPark, 

http://dergipark.gov.tr/download/article-file/319456, Erişim tarihi: 21.12.2018 

 

VISUAL SOURCES 

 

https://www.mfah.org/art/detail/63005 

 

http://www.artnews.com/2017/07/17/coming-to-light-long-lost-new-media-pioneer-thomas-

wilfred-dazzles-in-yale-retrospective/ 

 

https://frenchmorning.com/julio-parc-expose-art-cinetique-pamm/ 

 

https://malba.org.ar/le-parc-lumiere/ 

 

https://news.artnet.com/market/bruce-nauman-market-analysis-326278 

 

http://theconversation.com/james-turrell-a-mythic-artist-in-the-contemporary-constellation-35040 

 

https://www.nga.gov/features/slideshows/dan-flavin-a-retrospective.html 

 

https://donaldhanson.net/net-art 

 

https://inconvergent.net/thoughts-on-generative-art/ 

 

 

 

 

http://about.mouchette.org/wp-content/uploads/2018/02/Christiane_Paul_A_Companion_to_Digital_Artb-ok.org_.pdf
http://about.mouchette.org/wp-content/uploads/2018/02/Christiane_Paul_A_Companion_to_Digital_Artb-ok.org_.pdf
http://dergipark.gov.tr/download/article-file/319456
https://www.mfah.org/art/detail/63005
http://www.artnews.com/2017/07/17/coming-to-light-long-lost-new-media-pioneer-thomas-wilfred-dazzles-in-yale-retrospective/
http://www.artnews.com/2017/07/17/coming-to-light-long-lost-new-media-pioneer-thomas-wilfred-dazzles-in-yale-retrospective/
https://frenchmorning.com/julio-parc-expose-art-cinetique-pamm/
https://malba.org.ar/le-parc-lumiere/
https://news.artnet.com/market/bruce-nauman-market-analysis-326278
http://theconversation.com/james-turrell-a-mythic-artist-in-the-contemporary-constellation-35040
https://www.nga.gov/features/slideshows/dan-flavin-a-retrospective.html
https://donaldhanson.net/net-art


2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

 

 

Biogas Production and Current Purification Methods 
 

Halil Şenol1*, Hilmi Zenk2 
 

1Giresun University, Engineering Faculty, Genetic and Bioengineering Department, Giresun, Turkey; 

halilsenol@yahoo.com 

2Giresun University, Faculty of Engineering, Department of Electric and Electronics Engineering, Giresun, Turkey; 

hilmi.zenk@giresun.edu.tr 

 

  
*Corresponding Author: halilsenol@yahoo.com  

 
 

Abstract 

 

Biogas is a gas mixture which has the potential to be produced from organic materials by anaerobic 

fermentation method. It contains about 60-65% CH4 (methane), 35-40% CO2 (carbon dioxide) 

and H2S (hydrogen sulfide) at 100-4000 ppm. In this study, carbon dioxide, which prevents the 

combustion of biogas, and hydrogen sulfide removal methods that cause corrosion in the bioreactor 

are emphasized. For carbon dioxide removal, water quenching, polyethylene glycol passing and 

separation using a membrane filter are possible. Hydrogen sulfide removal methods include 

quenching, quenching with sodium hydroxide solution, adding Fe2O3 (iron oxide) to the reactor, 

adding FeCl (iron chloride) to the feedstock. In industrial areas, the most commonly used method 

is water permeation. The dehumidification of the reactor as a result of the quenching process is 

possible by cooling the treated biogas up to 4 °C in the final stage. 

 

Keywords: biogas, anaerobic digestion, biogas treatment. 
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1. Introduction 

        With the rapid growth of countries in terms of industry and population, energy needs are 

increasing day by day especially in countries that have made significant progress in industry. 

Increasing energy demand leads to a decrease in fossil fuels (coal, petrocoke, lignite, natural gas, 

etc.). Renewable energy sources such as geothermal energy, wind, hydro, wave and biomass 

contribute to approximately 14% of the world's energy consumption and only 10% of the biomass 

[1]. Renewable energy sources constitute about 8% of the world's energy resources. The depleted 

natural energy resources have led the world in search of a new energy. This energy requirement 

includes biogas, which replaces the natural gas that is being exhausted and which is in the status 

of renewable energy. Biogas can be produced from organic materials by anaerobic fermentation 

method. Methane gas in biogas content is flammable. Anaerobic fermentation of wastes with high 

water content is a generally preferred process in recent years due to its advantages such as high 

performance, low cost and energy production. In particular, anaerobic treatment applications are 

widely used in the treatment of domestic and industrial wastewater, animal manure and solid 

wastes [1]. The anaerobic treatment method requires less energy and nutrient resources compared 

to other commonly used treatment techniques. Besides, with the low operating cost, the possibility 

of obtaining methane gas in suitable form which can be used in heat and electric energy is provided 

by anaerobic treatment method. Methane gas obtained as a result of anaerobic treatment; It can be 

used directly in gas engines for electricity production and in boilers for steam production. In the 

18th century, it was determined that methane gas was formed as a result of decomposition of 

organic substances and in the middle of the 19th century this decomposition was caused by 

bacteria. Denmark is the first country where biogas technology is applied and the concept of central 

biogas plants has been developed in this country. There are more than 20 biogas plants in Denmark 

and biogas production is 2.4 PJ per year. The number of facilities did not change from 1998 to the 

present day due to the adaptation to technological developments due to the small population. The 

biogas production capacity of the plants varies between 25 and 500 tons per day. It is used by 

mixing animal manure, sewage sludge and industrial solid wastes [2]. The amount of biogas 

produced per day varies between approximately 1,000 m3 and 15,000 m3 and varies depending on 

the size of the plant and the structure of the raw material. In the facilities, 80% fertilizer and 20% 

organic slaughterhouse wastes as well as food industry and municipal waste sludge are pre-

digested [3]. Considering the power consumption data for the year 2017, Turkey is 292 billion 
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kWh of electricity provision for the potential of biogas, which represents 12 percent of the 

country's electricity consumption. In 2016, 16 billion 798 million kWh of electricity was produced 

by Keban, Karakaya and Atatürk hydroelectric power plants, which are the largest power plants. 

Turkey's annual biogas potential of the electricity generated in these three large dams appears to 

be more than doubled. In the production of biogas, it is possible to use all kinds of waste with a 

high organic content as raw material. One of the important sources of raw materials is animal feces. 

Animal feces are evaluated in two ways: direct combustion and use as fertilizer. The energy 

obtained in direct combustion compared to biogas is very low, but the remaining ash becomes 

unusable. In addition, animal feces need to be kept waiting for the necessary reactions to be used 

as fertilizer, which requires a lot of time and large space. In addition, the feces are kept in a 

controlled manner under biogas production conditions, reducing the methane gas to nature. The 

anaerobic treatment of these feces contributes to the national economy and prevents negative 

effects on human health and the environment. If animal feces are evaluated in biogas production, 

these problems are eliminated. Thus, both energy obtained and waste is converted into fertilizer 

[4]. Instead of purification of crude biogas, CH4 percentage of biogas can be increased by 

biological methods in the anaerobic fermentation step. That is, instead of removing unwanted 

compounds, the formation of these unwanted compounds can be prevented. In biogas purification 

methods, removal of compounds such as CO2, H2S and H2O can be achieved [5]. Purification of 

the biogas yields compressed biomethane, liquid hydrocarbons, hydrogen and methanol. 

2. Biogas Purification Methods 

 

2.1. CO2 and H2S removal methods in biogas 

 

        It is necessary to remove the amount of CO2 from the biogas to make the CH4 content in the 

biogas more than 70%. Likewise, the other components to be taken from the biogas are H2S and 

water vapor. Purification of biogas increases the thermal value, prevents corrosion and reduces 

environmental pollution [7]. One of the uses of biogas is motor vehicles. It is argued that H2S gas 

in biogas motor vehicles should be 17 ppm and CH4 content should be above 96%. In some 

countries, it is argued that biogas should not exceed 4-5 ppm H2S for motor vehicles. Biogas 

brought to this value can be compressed and used as natural gas. The purified 1 m3 of biogas has 

an energy value equal to approximately 1 liter of gasoline [8]. The purified biogas is called 

biomethane. By purification of biogas; liquid hydrocarbon, methanol, hydrogen and liquefied 
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biomethane which can be used instead of compressed biomethane, gasoline or diesel. When biogas 

is used, in an application on biogas use in Sweden, it has been explained that NOX is 60% less, 

CO is 90% less and hydrocarbon emissions are 80% less than 60,000 km of vehicles. CO2 in the 

biogas forms weak acid bonds with water vapor and causes corrosion. 4 main methods are used to 

protect biogas from carbon dioxide. These adsorption with water, adsorption with polyethylene 

glycol, using carbon molecular sieve and membrane separation methods [9]. Table 1 shows the 

solubility of some gases in water at certain temperature and pressure [10]. 

 

Table 1. Water solubility of some gases under 20 ° C and 1 atm pressure 

Gas Water 

solubility 

(cm3/kg 

water) 

Boiling point 

(oC) 

Melting point 

(oC) 

Critical 

temperature 

(oC) 

Critical 

Pressure 

(bar)  

CH4 3.3 -161.5 -182.5 -82.1 46.4 

CO2 85.1 -78.0 -57.0 31.0 73.8 

N2 1.5 -196.0 -210.0 -146.9 34.0 

O2 3.0 -183.0 -219.0 -118.6 50.4 

H2S 25.0 100.0 0 374.0 221.0 

H2 1.8 -62.0 -83.0 100.4 90.1 

 

        Purification of biogas by adsorbing CO2, H2S and NH3 from water is a low cost and 

continuous system. The gas passing through the water becomes saturated with water vapor, which 

must be dried if it is to be compressed. According to Table 1, approximately 1 gram of water is 

dissolved in 1.8 grams of CO2, only 4 mg of CH4 gas is dissolved. By removing biogas with water, 

approximately 90 - 95% of methane gas can be obtained. Harmful sulphides and contamination 

occur in the treatment water. The water must therefore be replaced. The treated carbon dioxide is 

used in greenhouses. The CO2 obtained is used in dry ice production. An average of 0.4 kg of dry 

ice can be obtained from 1 m3 of biogas [11]. Biogas is sent from the bottom of the adsorption 

tower which contains some water and CO2 and H2S are adsorbed as biogas passes through the 

water. In this way, the water of dissolution capacity is changed. Methane gas is taken out from the 

top of the adsorption tower since it is insoluble in water. In this way, a moist methane gas is 

obtained. This gas is passed through a dryer to remove moisture. Likewise, CO2 and H2S can be 

reused by dissolving in dissolved water in the desorption tower [8]. The produced biogas can be 

purified by passing through 5 N H2SO4 and 10 N KOH solutions [10]. Membrane made of 

polymers made of glass can be used for CO2 and H2S removal. These polymer materials pass H2S 

and CO2 much more than CH4 [9]. Purification of the biogas by membrane separation the partial 
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pressure difference between the two sides of the gas and the driving force to which the gas is 

exposed is utilized in the interior of the membrane. This method is not widely used. In many 

studies, the ratio of CH4 in biogas content by membrane separation varied between 94-97% [12-

13]. Biogas purification unit is given in Table 1. 

 

Fig. 1. Biogas purification unit 

        H2S is always present in the biogas. This gas causes corrosion. It also smells bad and is 

converted to SO2/SO3 during biogas combustion. These gases are highly toxic [9]. Once the H2S 

gas concentration reaches 0.0045 ppm, it can be detected by the human. It gives the smell of rotten 

eggs between 0.002 and 0.2 ppm. It gives a very intense rotten egg smell between 2 and 3 ppm. 

Around 5 ppm is harmful to human health. Between 10 and 50 pmm, it causes age and nausea. 

Between 150-250 ppm, the sensory systems are paralyzed and smell is not felt. Between 300 and 

500 ppm the respiratory system is severely damaged. After 600 ppm, the lungs are filled with H2S 

and cannot be breathed. Between 500 and 1000 ppm the central nervous system suffers paralysis 

and death occurs. In cases of 1000 ppm or more, direct sudden death occurs. Due to such 

conditions, H2S gas must be adsorbed [14]. SO2 gas formed as a result of H2S gas combustion 

causes acid rain. 

        For the removal of H2S gas, oxygen gas is introduced into the biogas which is widely used, 

iron chloride is added to the reactor, iron is passed through the sawdust, activated carbon is used, 

water is passed through, sodium hydroxide is used. For example, if there is 500 ppm H2S in the 

biogas, the required oxygen amount is 0.025% and the required air amount is 0.125%. The addition 

of iron chloride (FeCl2) to the feed stream is also used to remove hydrogen sulfide. In addition, 

this material is expensive, chlorine causes corrosion, the risk of bacterial death in the reactor 

prevents such uses [15]. Another method is to pass the gas mixture containing H2S gas through 

copper sulphate (CuSO4) solution. H2S is retained by copper and a black precipitate is formed. 
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Iron hydroxide (FeH3O3) is an alternative method for the removal of H2S. If FeH3O3 is used, the 

regeneration process requires hot air. However, hot air causes hydrogen sulphide to burn. In 

addition, biogas is passed through sawdust saturated with FeCl3 and H2S can be converted into 

iron sulphide (FeS). Another alternative is to use natural adsorbents. The iron content in these 

adsorbents should be at least 40%. At least 70% of active iron should be in this ratio. The most 

suitable temperature in these processes is 15 - 25 ᴼC. This method is limited in use because it 

generates a lot of waste in large facilities and is difficult to remove [16]. Some solvents and zeolite 

are used for H2S treatment. Zeolite can be used as a dehumidifier. Biogas can also be purified by 

passing through activated carbon. 

 

2.2. Water vapor removal methods from biogas 

 

        The composition of the biogas contains approximately 35 g / m3 water vapor at 35 °C. At 20 

ºC, this value is about 17 g/m3[7-8]. In the thermophilic regions about 50 mg/L water vapor is 

present. If a red flame emerges during biogas combustion, it is caused by the water vapor inside. 

It also reacts with H2S in the gas line to form H2SO4. Therefore, it causes freezing or clogging. It 

also reacts with CO2 to form carbonic acid (H2CO3). For such reasons, moisture must be removed 

from the biogas [17]. The use of water adsorbing agents (slicagels, etc.) or condensation of water 

is provided as moisture removal methods. In addition, adsorption on metal oxides can dehumidify 

by adsorption with glycol or water-loving salts. 

        Moisture removal from biogas is based on the use of water-absorbing solids and liquids, or 

the condensation of water by compressing or cooling the gas. The removal of water by cooling the 

biogas, the amount of energy spent in the refrigerant, e is about 2% of the energy value of the 

biogas. Adsorption on metal oxides, absorption into glycol or water-loving salts are the most 

common techniques for dehumidification. 

 

3. Conclusion and Recommendations 

 

        In order to meet the increasing energy demand in our country, biogas should be used as an 

alternative energy. Therefore, biogas energy needs to be analyzed efficiently and economically. In 

this context, it is necessary to have biogas plants by identifying the suitable regions available 
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especially in rural areas. In our country, the lack of addressing the issue has delayed the installation 

of biogas plants. Considering animal manure and domestic organic wastes for biogas production, 

gas production facilities have been established in some regions but are not sufficient. For 

environmental health and economic reasons, the installation of biogas production facilities should 

be mandatory. 
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Abstract 

 

The study includes general information about the particle physics laboratory called CERN 

(European Organization for Nuclear Research) and LHC (Large Hadron Collider), and its detectors 

called ATLAS (A Toroidal Large Hadron Collider Apparatus), CMS (Compact Muon Solenoid), 

ALICE (A Large Ion Collider Experiment), LHCb (Large Hadron Collider beauty). Moreover, 

Turkey and CERN relationship has been mentioned. Finally, the next generation collider as FCC 

(Future Circular Collider) and its options are mentioned, which is supported by EuroCirCol 

(European Circular Collider) and EASITRAIN (European Advanced Superconductor Innovation 

and Training Network) projects.  
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1. Introduction 

In this study, firstly it has been given general information about the CERN and the LHC. Secondly, 

this study includes some information about ATLAS, CMS, ALICE, LHCb detectors which are 

located at the LHC. Thirdly, it is mentioned about the FCC and its options (FCC-hh, FCC-ee, and 

FCC-he), and its supported projects called EuroCirCol and EASITRAIN in this work. 

Furthermore, Turkey and CERN relationship has been referred. Finally, the importance of FCC 

Collaboration has emphasised and next steps to be done are given. 

 

 

2. CERN and LHC Experiments 

 

CERN   

The first resolution concerning the establishment of a European Council for Nuclear Research (in 

French Conseil Européen pour la Recherche Nucléaire) was adopted at an intergovernmental 

meeting of UNESCO in Paris in December 1951. After two months, an agreement was signed 

establishing the provisional Council – the acronym CERN was born. Our understanding of matter 

goes much deeper than the nucleus, and the main research area of CERN is particle physics today. 

Because of this, the laboratory operated by CERN is often referred to as the European Laboratory 

for Particle Physics. In June 1953, the final draft of the CERN Convention was agreed upon and 

signed by 12 new Member States.  Felix Bloch, CERN's Director-General, laid the first foundation 

stone in July 1955.  

Since then, CERN has more than fulfilled the early plans of those few optimistic, scientists who 

dreamt of creating an international laboratory to make great strides in fundamental research and 

stretch the limits of our technology and imaginations [1]. 

LHC 

At the LHC, seven experiments use detectors to analyse the particles produced by collisions in the 

accelerator. These experiments are run by collaborations of scientists from institutes all over the 

world. Each experiment is distinct, and characterised by its detectors. The biggest experiments at 

CERN operate at the Large Hadron Collider, seen here during the installation of the accelerator's 

dipole magnets. The biggest of these experiments, ATLAS and CMS, use general purpose 

detectors to investigate the largest range of physics possible. Having two independently designed 

https://home.cern/about/how-detector-works
https://home.cern/about/experiments/atlas
https://home.cern/about/experiments/cms
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detectors is vital for cross-confirmation of any new discoveries made. ALICE and LHCb have 

detectors specialised for focussing on specific phenomena. These four detectors sit underground 

in huge caverns on the LHC ring. The smallest experiments on the LHC are TOTEM and LHCf, 

which focus on "forward particles" – protons or heavy ions that brush past each other rather than 

meeting head on when the beams collider [2]. 

ATLAS DETECTOR 

LHC has four detectors. ATLAS is one of the biggest detectors at the LHC. This detector 

investigates wide range of physics, from the search for the Higgs boson to extra dimensions. It 

uses different technical solutions and magnet system design. The interactions in the ATLAS 

detectors produce a great flow of data. To obtain data, ATLAS uses a “trigger” system to give the 

detector to record events and ignore events. Data-acquisition and computing systems are used to 

analyse the huge collision events recorded. At 46 m long, 25 m high and 25 m wide, the 7000 

tonne ATLAS detector is the largest volume particle detector in the world. About more than 3000 

scientists from 174 institutes in 38 countries work on the ATLAS experiment [3]. 

 

 

 

Figure 1. ATLAS detector 

 

 

https://home.cern/about/experiments/alice
https://home.cern/about/experiments/lhcb
https://home.cern/about/experiments/totem
https://home.cern/about/experiments/lhcf
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CMS DETECTOR 

CMS is another a general purpose detector at the LHC. It has a broad physics programme ranging 

from studying the SM to searching for extra dimensions, dark matter. It uses different technical 

solutions and a different magnet system design, although it has the same scientific goals as the 

ATLAS experiment. The CMS detector is built around a huge solenoid magnet. This takes the 

form of a cylindrical coil of superconducting cable that generates a field of 4 Tesla. The field is 

confined by a steel “yoke” that forms the bulk of the detector’s 14,000 tonne weight. The complete 

detector is 21 metres long, 15 metres wide and 15 metres high. The CMS experiment is one of the 

largest international scientific collaborations, involving about 5000 particle physicists, engineers, 

technicians, students and support staff from 200 institutes in 50 countries [4]. 

 

ALICE DETECTOR 

ALICE detects quark gluon plasma which is a state of matter thought to have formed just after the 

big bang. ALICE is a heavy ion detector on the LHC ring. It is designed to study the physics of 

strongly interacting matter at extreme energy densities, where a phase of matter called quark-gluon 

plasma forms. The existence of such a phase and its properties are key issues in the theory of 

quantum chromodynamics (QCD), for understanding the phenomenon of confinement. The 

ALICE detector’s 10,000 tonne weight and its dimension about 26 m long, 16 m high, and 16 m 

wide. The collaboration has more than 1000 scientists from over 100 physics institutes in 30 

countries [5]. 

 

LHCb DETECTOR 

The LHCb experiment specializes in investigating the slight differences between matter and 

antimatter by studying a type of particle called the "beauty quark", or "b quark". Instead of 

surrounding the entire collision point with an enclosed detector as do ATLAS and CMS, the LHCb 

experiment uses a series of subdetectors to detect mainly forward particles - those thrown forwards 

by the collision in one direction. The first subdetector is mounted close to the collision point, with 

the others following one behind the other over a length of 20 metres. An abundance of different 

types of quark are created by the LHC before they decay quickly into other forms. To catch the b 

quarks, LHCb has developed sophisticated movable tracking detectors close to the path of the 

beams circling in the LHC. The 5600-tonne LHCb detector is made up of a forward spectrometer 

https://home.cern/about/experiments/atlas
https://home.cern/about/experiments/cms


2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

and planar detectors. It is 21 metres long, 10 metres high and 13 metres wide, and sits 100 metres. 

About 700 scientists from 66 different institutes and universities make up the LHCb collaboration 

[6]. 

 

FCC PROJECT 

FCC is developing designs for a higher performance particle collider to take over from the Large 

Hadron Collider. The aim of the FCC is to greatly push the energy and intensity frontiers of particle 

colliders, with the goal of reaching collision energies of 100 TeV, in the search for new 

physics.  The FCC facility is an international collaboration of more than 150 universities, research 

institutes and industrial partners from all over the World. It will be hosted CERN. The study will 

elaborate on different possibilities for circular colliders, new detector facilities, the associated 

infrastructure, cost estimates, global implementation scenarios, as well as appropriate international 

governance structures [7-8]. 

 

 

Figure 2. A schematic map showing where the Future Circular Collider tunnel is proposed to be located 

PROJECTS SUPPORTING FCC 

EuroCirCol is a project that contributes to the Future Circular Collider design study (FCC) for a 

research infrastructure that will give access to new fundamental discoveries in particle physics. 

The objective of this project is to develop the conceptual design of a future hadron collider beyond 

the capabilities of the Large Hadron Collider (LHC), as an international, collaborative effort under 

European leadership. The study, funded by the European Union under the Horizon 2020 

http://home.cern/about/how-detector-works
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Programme, is led by CERN and brings together an international consortium of 16 universities and 

research centres. EuroCirCol is part of the global FCC study that joins resources worldwide to 

assess the merits of different future accelerators scenarios. The other project is Easitrain which is 

bringing together industry, universities and research centres and training the professionals of the 

future, and working with industry to accelerate transition from fundamental research to products. 

TURKEY AND CERN RELATIONSHIP 

Turkey had an observer status at CERN between 1961 and 2015. An international cooperation is 

signed in 2008 and Turkey applied to join CERN as a member in 2009. And then Turkey become 

an Associate Member State on 6 May 2015. Then more Turkish physicists have involved in CERN 

scientific programme. They have participated in some experiments such as ALICE, ATLAS and 

CMS at the LHC, and also facilities OPERA, ISOLDE, CAST which are not located at the LHC 

tunnel. Also, Turkey has taken a role in some collaborations like CLIC and FCC, and LHeC. For 

instance, 13 universities from Turkey have signed agreement for participation to the FCC 

Collaboration. According to the records in 2019, their names are BAIB University, Akdeniz 

University, Ankara University, Ege University, Giresun University, Isik University, Istanbul 

Aydin University, Istanbul University, IUE University, Okan University, PR University, TOBB 

ETU University, ULUDAG University. Also, Turkey operates one Tier-2 center called TR-10-

ULAKBIM in collaboration with Tier-1 at NIKHEF for ATLAS experiment.   

 

3. Results and Discusson 

There are crucial ingredients like technology and science for community in the world. Now, we 

are in extraordinary exciting time for our comprehension of the universe. This situation provides 

attraction power to students, young researchers and technicians. Therefore, we aim working with 

CERN which accelerates science and knowledge. Providing the national roadmap well presented, 

Turkey should participate in those future projects and supports have to increase and encourage the 

number of young people. Finally, to emphasize the importance of the advanced technology of the 

FCC, we can mention the following: 

 FCC is a natural step in humanities millennium long effort to understand the world around 

us. It would be glorious effort to the next generation of scientist to undertake. 
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 A future circular collider as a machine for understanding our Universe, it will provide 

unprecedented clues for studying the Higgs and observing phenomena never before seen 

in nature. The energies and luminosities foreseen at FCC and the complementarity between 

FCC-ee and FCC-hh offer an incredible exploratory potential and is ideally suited to shed 

light to some of the biggest questions about our Universe throughout the 21st century, 

taking into account developments in high energy physics, astrophysics and cosmology.  

 We expect bright future for accelerator-based HEP, and now we need to be prepared 

urgently for post - LHC period  

 Circular Hadron Collider - only path available in this century towards direct discoveries at 

100 TeV energy 

 FCC-hh: further developments on the new magnet technology (Nb3Sn), it also promotes 

many other technological innovations (cryogenics, chamber production, ...) 

 FCC-ee: attractive intermediate step towards FCC-hh & highly synergy (infrastructure, 

time, physics, …) 

 FCC-he: complementary physics, extension of LHeC 

There is great worldwide interest and it is forming global collaboration. 
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Abstract 

 

Wind energy, hydropower installed capacity in Turkey in terms of non-renewable energy sources 

is leading the way. One of the most important parameters for wind farm installation is wind speed. 

With the developing technology, new turbine systems and above sea winds have a stronger and 

more regulated regime than the land, which led to the installation of a wind farm on the sea. With 

a short 30-year history, offshore wind farms are expected to play an important role in generating 

electricity at a global level in the coming years. In this context, Turkey's seas to explore the 

potential of wind energy is becoming an important task. The study was conducted primarily 

analyze the current situation in Turkey. In addition, criteria for selecting an above-sea wind power 

plant were determined and examined technically. 
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1. Introduction 

 

1.1. Current Status of Wind Energy in Turkey 

 

In order to determine the wind energy situation in our country, wind measurements are carried 

out by General Directorate of Meteorology (MGM) together with other meteorological 

measurements. The average wind speeds obtained from the measurement stations of the 

General Directorate of Renewable Energy (YEGM) show whether the regions are suitable for wind 

energy applications. In order to determine the potential for wind energy in our country in 2006. 

Electrical Power Resources Survey Administration (EIE) by Turkey's Wind Energy Potential Atlas 

(REPA) it was formed. The information obtained from this atlas is guiding in terms of selecting 

suitable regions for wind energy. Annual average data when evaluating Turkey's best wind 

resource areas, shorelines, are observed near the tops of mountains or high ridges and open 

space. The vast region with a moderate wind speed and wind power density is present 

throughout the central part of Turkey. Turkey general average wind speed at 50 m height 

distribution is shown on the map in figure 1.1 [1]. 

 

Figure 1.1. Wind energy potential in Turkey (REPA) atlas. 

When the 10-year period between 2007 and 2017 is evaluated in our country, there is a continuous 

increase in the installed power in wind energy every year. The change between these years is given 

in Figure 1.2. [2]. T. C. According to the latest information published by the Ministry of Energy 

and Natural Resources, the total installed capacity of the wind power plants in operation in 2018 

was 7,005 MW and 19,882 billion kWh of electricity was generated. [3]. 
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Figure 1.1. The installed capacity of wind power on in Turkey. 

1.2. In the world and Turkey Offshore Energy Current Status 

 

Wind power plants were built on land and began to show themselves. Developing technology and 

industry pioneered the establishment of wind power plants at sea. The fact that sea winds have a 

steady regime and higher speeds have attracted the attention of investors and created the idea of 

building a wind farm on the sea. [4]. Completed in 1991, offshore wind energy situation in the 

world and Turkey. The first Danish factory is based on the marine Vindeby Wind Power Plant. 

This plant has 11 turbines and each turbine has a power of 450 kW. Today, it continues to produce 

electricity. Nowadays, the highest capacity of the offshore wind farm is located in the United 

Kingdom. These plants, which were named as London Array, were commissioned in 2012. It has 

an installed capacity of 630 MW and generates an average of 2500 GWh of electricity per year. 

The visual of the London Array above sea wind power plant is given in Figure 1.3. [5]. 
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Figure 1.3. London Array Above Sea Wind Farm. 

The total installed power capacity of offshore wind farms worldwide is currently 18,726 MW, and 

the UK ranks first in this sector with 40% of this power. Germany and Denmark are among the 

leading countries in this sector. As can be seen in the graph in Figure 1.4, investments in the world 

wind farms have increased every year. [2]. 

 

Figure 1.4. Installed power capacities on offshore wind energy. 
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"First Turkey Energy and Mines Forum: Opportunities Year 2018" Renewable Resource Areas 

(YEKA), which were mentioned for the first time offshore WPP contest. According to the ecek 

Offshore Renewable Energy Resource Areas (YEKA) Wind Power Plant yayınlan published for 

this competition, the power plants that will be installed and connected to the electricity 

transmission system should be 1200 MWe. [6]. Within the scope of YEKA project, support is 

provided for the regions where investors will establish facilities. 80 percent of the project's 

domestic employment and R & D aim shows the determination of our country in the energy field.  

The purpose of this paper work, which has not yet found application in Turkey over the sea 

(offshore) wind energy to the interested persons and private / public organizations to draw their 

attention to these issues. 

 

2. Sea Wınd Power Plant Locatıon Crıterıa 

 

2.1 Wind Potential 
 

One of the most important parameters for wind power installation is wind speed. Obtaining wind 

data for that region is the guide for the analysis. We are now able to obtain data on wind speeds 

thanks to measurement stations in our country. However, there are no overseas wind measurement 

stations in our country. For this purpose, analyzes are carried out by taking the measurement station 

data closest to the designated area. In our country, data to be evaluated within the scope of wind 

measurements are obtained from the General Directorate of Meteorology and evaluations are 

made.  

 

2.2 Territorial Waters  
 

 

Under international law, continental shelf is the combination of land and submarine extension that 

form a geological country. The jurisdiction of that country is also valid for this region. According 

to Article 3 of the United Nations Convention on the Law of the Sea in 1982, the territorial waters 

protected by the treaty are 12 nautical miles. When the continental shelf in the Black Sea and 

Mediterranean regions of Turkey as a regional assessment is quite far from other countries does 

not pose any problem [4]. 

 

2.3 Military Areas  

 

Some regions are used as training and shooting fields, both at sea and on the coast. Considering 

military reasons, the installation of an offshore wind farm is not preferred for these regions.  

 

2.4. Marine Traffic 

 

In the installation of offshore wind farms, changing the routes of the ship is also avoided in the 

region where the plant will be established, and the regions that transport human and freight. In our 
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country, there is no field for the above-mentioned wind farms. Therefore, the maritime traffic of 

the region to be selected should be examined and researched. 

 

2.5. Pipelines and Underground Cables  

 

In order to avoid damage to the pipelines and cables in the sea, attention should be paid to the 

absence of mooring and fishing factors in the vicinity of the area where the overhead wind power 

plant will be installed. 

 

2.6. Social Factors  

 

The ideas of the people of that region are taken into consideration for a facility to be operational 

in any region. At the same time, the possibility of wind turbines to be installed very close to the 

shore for the selected region can reveal the idea that the visual beauty and natural beauty will 

disappear. Socio-cultural factors should be considered for the selected region. 

 

2.7. Regions under State Protection 

 

Another factor to consider for the installation of offshore wind farms is the investigation of state-

protected areas. Under the sea water, the historical structures are determined by the state and taken 

under protection in order to avoid damage and these regions are not suitable for the installation of 

power plants.  

 

3. Results 

 

As an advantage of geographic conditions, especially in northern Europe, where strong winds 

prevail, there has been considerable progress in the production of electrical energy from wind 

power. With the developing technology, new turbine systems and above sea winds have a stronger 

and more regulated regime than the land, which led to the installation of a wind farm on the sea. 

With a short 30-year history, offshore wind farms are expected to play an important role in 

generating electricity at a global level in the coming years. 

 

In this paper are not available in Turkey offshore (offshore) wind farms are mentioned. In Turkey, 

because it is an investment that will contribute to the country's economy was emphasized that the 

work on these issues. Then, the points to be considered during the selection of the location for the 

offshore wind power plants are explained. The coastal areas of Turkey evaluated for its wind 

potential. Considering the criteria mentioned in this paper, the most suitable locations for the 

installation of the above-sea wind farm can be determined. 
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Abstract 

 

The differential elastic scattering at different energy and neutron spectrum measurements at 14.1 

MeV has been measured for 52Cr by using TALYS 1.8 nuclear code. The effects of energy 

resolution and multiple interactions in the sample on the accuracy of the data have been studied. 

Theoretical calculations of neutron spectra from the 52Cr (n,n') reactions were carried out in the 

Hauser-Feshbach model. Theoretical values which obtained by using TALYS 1.8 were compared 

experimental data from EXFOR. 
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INTRODUCTION 

 

Neutrons have the ability to penetrate material samples and can thus conduct non-destructive or 

non-invasive investigations. Similar to X-rays, the analysis of transmitted radiation can be used in 

comparison to the initial beam intensity and information about the content and thickness of the 

material being investigated can be obtained. 

Although X-rays are very common in hospital medical examinations and in industry failure 

analyzes, neutron imaging facilities are often rare and neutron imaging studies are less common. 

This is due to the low number of reasonably dense neutron sources and limited access to suitable 

beam points therein. Today, modern neutron imaging systems can provide the same image quality 

as X-ray facilities, but the natural contrast mechanism and derived image information differ 

systematically. The reasons will be explained below. 

In the search for energy-related materials, a few years ago, it was common and important to study 

nuclear fuel elements with neutrons because thermal neutrons could easily transmit 10 mm of 

natural uranium. Since the isotope U-235 has a much higher attenuation coefficient than U-238, it 

is possible to obtain the degree of fuel enrichment directly from the neutron radiography data and 

obtain it with good non-invasive accuracy. 

Since nuclear energy should be less politically important in the future, today the research focuses 

on alternative energy supply, including energy storage and transformation. In this context, neutron 

imaging methods can also be applied and used appropriately. This article mostly focuses on 

applications such as polymer-electrolyte membrane (PEM) fuel cells and Li-cells and their 

behavior, hydrogen storage, and concludes with some emphasis on previous nuclear fuel coating 

investigations. Previously, the basics of neutron imaging, the possibilities in PSI and the most 

common methods have been introduced [1]. 

Neutron scattering in the 1950s and 1960s was an exotic tool in Solid State Physics and Chemical 

Crystallography, but today it serves communities ranging from Biology, Earth Sciences, Planetary 

Science, Engineering, Polymer Chemistry and Cultural Heritage. In short, neutrons are used in all 

scientific fields dealing with hard, soft or biological materials. 

Neutron sources with sufficient flux density for neutron scattering studies of materials are based 

on one of the two principles shown in Figure 1; 
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• Fission. A high continuous neutron flux is produced in the core of a conventional fission reactor. 

• Spallation. The production of pulsed neutrons is achieved by bombarding the target of heavy 

elements with high energy particles, typically accelerated protons. 

What is common to both types of welds is that the neutrons are set to "thermal" or "cold" speeds 

close to the source and then transported to neutron scattering devices in neutron guidance systems. 

 

Figure 1. The two main methods of neutron production  

Neutrons are one of the most universal and important probes for understanding the microscopic 

origin of the macroscopic functionality of present and future materials. Therefore, neutrons, to 

solve the Great Challenges of our technological and scientific civilization, for example; Energy, 

Information Technology, Life Sciences and Health, Nano Science and Engineering, World, 

Environment and Cultural Heritage. 

Moreover, it provides insight into the fundamental questions of our world, such as the neutron as 

a quantum physical object, the union of fundamental forces, and the origin of the universe [2]. 

 

CALCULATION METHODS  

TALYS is a computer code system for the analysis and prediction of nuclear reactions. The main 

objective behind its construction is to simulate nuclear reactions involving the neutrons, photons, 

protons, deuterons, tritons, 3He and alpha particles and elements’ mass number greater than 7 can 

be used as target material in the energy range of 1 keV - 200 MeV. To achieve this, we applied a 
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set of nuclear reaction models to a single code system. This allows us to evaluate nuclear 

reactions from the undissolved resonance range to moderate energies [3].  

In the calculation of DDX, TALYS 1.8 code was used according to compound, pre-equilibrium 

and direct mechanisms. In the calculation of pre-equilibrium contribution, the two-component 

expression model developed by Kalbach was calculated with the Hauser-Feshbach model of the 

compound core. The direct reaction calculation is obtained by the ECIS-97 code, which is applied 

as a subroutine in TALYS. 

 

RESULTS AND DISCUSSON 

We calculated elastic ( Figure 1) and inelastic (Figure 2) cross section for 52Cr different induced 

energy using Talys nuclear code. And we draw graph at each energy value. Each graph shape 

almost same as we expected. These results are compared experimental value in EXFOR. 
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Figure 1. Elastic scattering for 52-Cr target nuclei. 

 

 
 

Figure 2. Inelastic scattering of neutrons from 52-Cr nuclei. 

 

We found that the data obtained by using TALYS 1.8 for elastic scattering corresponds to the 

experimental data to a great extent. In the calculations, elastic scattering cross sections calculated 

by 5 MeV, 6 MeV, 6.44 MeV, 7.54 MeV and 8.56 MeV separately, and inelastic scattering for 

14.1 MeV incident energy. We observed that the comparisons we made with different experimental 

data were consistent and consistent. 

 

In the inelastic calculation, we found that our calculations were consistent with the experimental 

data in the range of experimental data. For the regions where there is no experimental data, the 

calculations we made using TALYS 1.8 will be guiding. 
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Abstract 

 

The elastic scattering of neutron has been evaluated on 27Al and 28Si targets at various incident 

energy by using TALYS 1.8 nuclear reaction code. The theoretically obtained cross-sections are 

compared with available experimental data on EXFOR nuclear data library. The calculated values 

similarities and discrepancies are discussed and analyzed. 
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Introduction 

 

Neutrons are scattered from materials by interacting with the nucleus of an atom rather than the 

electron cloud. This means that the scattering power (cross-section) of an atom is not strongly 

related to the atomic number, as opposed to X-rays, where scattering power increases with respect 

to the number of electrons in the atom. This has three advantages: 

1) light atoms such as hydrogen are easier to detect in the presence of heavier ones, 

2) adjacent elements in the periodic table generally have substantially different scattering sections 

and can be distinguished, 

3) nuclear dependence of scattering ensures that isotopes of the same element have substantially 

different scattering lengths for neutrons. Isotopic substitution can be used to label different 

portions of the molecules forming a material. 

We can explain the properties of the neutron why make it is so useful. 

 The interaction of a neutron with the nucleus of an atom is weak (but not negligible), which 

makes them a highly penetrating probe. This allows the investigation of the interior of the 

materials rather than the surface layers probed by techniques such as X-ray scattering, electron 

microscopy, or optical methods. This feature also takes advantage of complex sample 

environments such as cryostats and ovens, and the pressure cells are very routine and allow 

mass processes to be measured under realistic conditions. Due to their poor interactions, 

neutrons are a non-destructive probe even for complex and sensitive biological or polymeric 

samples. 

 Neutron energies are similar to the energies of atomic and electronic processes, i.e. in the μeV 

to eV range, allowing energy scales from the μeV of quantum tunneling, through molecular 

translations, rotations, vibrations and lattice modes, to eV transitions within the electronic 

structure of materials to be probed. 

 Neutrons have wavelengths similar to atomic ranges and allow diffraction measurements to 

be made. The neutrons produced in ISIS typically cover a wide wavelength range from 0.05 

to 20 𝐴0. Diffraction experiments vary in length scale from directly examining the wave 

function of hydrogen atom to low resolution operation of macromolecules. 

 Neutrons are spin −1
2⁄  particles and therefore have a magnetic moment that can directly 

combine spatial and temporal variations of the magnetization of materials on an atomic scale. 
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Unlike other forms of radiation, neutrons are ideal for studying microscopic magnetism, 

magnetic structures and short-wave magnetic fluctuations. The sections for magnetic 

scattering and chemical scattering are, of course, the same size and allow the simultaneous 

measurement of the magnetic and chemical behavior of materials [1]. 

In order to investigate the properties and their effects on the final properties of the food product, it 

is important to keep the environment as close as possible to the original conditions. In this sense, 

neutron scattering has particularly attractive properties. Neutron scattering creates a non-invasive, 

non-destructive technique that allows the operation of a sample under realistic conditions, 

including partial hydration and solutions. A scattering event may occur when a neutron (~ 10-15m 

in size) interacts with the atomic nucleus of the sample about ten times larger. If an analogy no. 1 

and a neutron on the length scale were the size of a pea, the kernel would be the size of a tennis 

ball if an easy-to-design nucleus was used. In typical materials, these tennis balls are separated by 

about 1 km! In the case of a neutron, the materials are mostly composed of empty space, and 

therefore the neutrons are a highly penetrating form of radiation. As a result, neutron scattering 

provides aggregate information together with the scattering representative of the whole sample 

(for example, compared to a scanning electron microscope in which only local information is 

obtained). In addition, neutron scattering can also be applied to study materials found in thick and 

complex sample environments, so that it can measure structural changes of a material during a 

process. For example, the effect of a pair of scissors on the formation of micelles in complex 

liquids can be investigated by passing a neutron beam through a Couette shift cell (Porcar, 

Hamilton, Butler and Warr, 2004) or with the onset of dynamics in hydrated proteins. After passing 

a neutron beam through a cryostat, neutron scattering (Paciaroni, Cinelli, Cornicchi, De Francesco, 

and Onori, 2005) can simulate different processes and perform real-time solved experiments 

examining the resulting structural changes [2]. In the neutron scattering community it is generally 

accepted that this can be formulated at five general points: 

1. Energy and wavelength. Thermal neutrons have a wavelength (about 1.8 Å) similar to 

interatomic distances and an energy (about 25 meV) similar to basic excitations in solids. Thus, 

simultaneous information about the structure and dynamics of materials can be obtained; To 

measure the dispersion relations (energy wavelength dependence) of excitations in crystal solids. 

2. Isotopes and light elements. Neutron scattering cross section between elements, and even 

between different isotopes of the same element. Thus, neutrons can be used to study light isotopes. 
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In particular, this is important for hydrogen, which is virtually invisible to X-rays. The large 

difference in scattering between neutrons and the usual hydrogen (1H) and deuterium (2H) can be 

used in biological and soft matter sciences to alter contrast in scattering, and also "emphasizes" 

selected groups within large molecules or aggregates. 

3. Quantitative experiments. The interaction between neutrons and (most) substances is very weak, 

meaning that neutrons can measure not only the surface but also the mass of the sample. Weak 

interaction also reduces high-grade effects. Therefore, quantitative comparisons between neutron 

scattering data and theoretical models can be made with high precision. 

4. Transparency. Since neutrons easily penetrate the material, neutron scattering can be performed 

with samples stored in any sample medium: cryostats, magnets, ovens, pressure cells, and so on. 

elemental compositions and the sample have been rendered relatively innocuous by the neutron 

assay, although beam experiments should still not be performed on living organisms. 

5. Magnetism. The neutron magnetic moment allows neutrons to dissipate from magnetic 

structures or magnetic field gradients. While non-polarized neutrons are used to learn the 

periodicity and magnitude of the magnetic order, scattering of spin-polarized neutrons can reveal 

the direction of atomic magnetic moments. 

In most cases, neutron scattering is performed in conjunction with other experimental techniques; 

Usually, with neutron scattering as one of the latest techniques to be applied before conclusions 

are drawn [3]. 

 

Calculation Methods 

TALYS is a computer code system for the analysis and investigation of nuclear reactions. The aim 

behind its construction is to simulate nuclear reactions induced by neutrons, photons, protons, 

deuterons, tritons, 3He and alpha particles with target elements, which mass number is heavier than 

7, in the energy range of 1 keV - 200 MeV. To achieve this, we applied a set of nuclear reaction 

models to a single code system. This allows us to evaluate nuclear reactions from the undissolved 

resonance range to moderate energies [4].  

Results and Discusson 

 

In this study, we calculated neutron elastic cross section for 27Al (Figure 1) and 28Si (Figure 2). 

The results that we obtained compared EXFOR experimental values. 
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Figure 1. Elastic scattering of neutrons from 27-Al target nucleus. 

 

1

10

100

1000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al  10.873 MeV(n,n el)

TALYS 1.8 10.873 1984, C.S.Whisnant et al.

1

10

100

1000

10000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al 13.883 MeV (n,n el)

TALYS 1.8 13.883 1984, C.S.Whisnant et al.

1

10

100

1000

10000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al 16.883 MeV(n,n el)

TALYS 1.8 1984, C.S.Whisnant et al.

1

10

100

1000

10000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al 18.0 MeV (n,n el) 

TALYS 1.8 1985, J.S.Petler et al.

1

10

100

1000

10000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al 20.0 MeV (n,n el)

TALYS 1.8 1985, J.S.Petler et al.

1

10

100

1000

10000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al 22.0 MeV (n,n el)

TALYS 1.8 1985, J.S.Petler et al.

1

10

100

1000

10000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al  25.0 MeV (n,n el)

TALYS 1.8 1985, J.S.Petler et al.

1

10

100

1000

10000

0 50 100 150 200

d
s
/d

W
(b

/s
r)

Angle (deg)

27-Al 26.0 MeV (n,n el)

TALYS 1.8 1985, J.S.Petler et al.



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

  

  

  

Figure 2. Elastic scattering of neutrons from 28-Si target nucleus. 

 

Elastic scattering cross-sections were calculated for the 27-Al and 28-Si nuclei by using neutron 
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Optical model calculations predict only elastic scattering cross-sections referring to the shape of 

the elastic effect. The process of re-sending the nucleon to the input channel after compound core 

formation is defined by the optical model as an absorption process that cannot be experimentally 

distinguished from the shape of elastic scattering. 

 

References 

 

1. Science & Technology Facilities Council ISIS, Neutron Training Course. 

2. NEUTRON SCATTERING: A NATURAL 1 TOOL FOR FOOD SCIENCE AND 

TECHNOLOGY RESEARCH, Amparo Lopez-Rubio and Elliot Paul Gilbert, Novel 

Materials and Nanotechnology Laboratory, IATA-CSIC, Apdo. correos 73, 46100 

Burjassot, Valencia, Spain Bragg Institute, Australian Nuclear Science and Technology 

Organisation, Private Mail Bag, Menai, NSW 2234, Australia, elliot.gilbert@ansto.gov.au 

3. Neutron Scattering: Theory, Instrumentation, and Simulation, Kim Lefmann, Niels Bohr 

Institute, University of Copenhagen with contributions from Bente Lebech, Risø- DTU and 

Lise Arleth, University of Copenhagen, July 2, 2012. 

4. TALYS 1.8 Manuel, 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:elliot.gilbert@ansto.gov.au


2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

 

 

Smart Growth and Sustainable Development in Buildings 
 

Onur Köleoğlu 1 , Mükrimin Şevket Güney 2 
 

1 Giresun University, Institute of Science, Department of  Mechanical Engineering, Giresun/Turkey 
2 Giresun University, Faculty of  Engineering, Department of Mechanical Engineering, Giresun/Turkey 

 

  
*Corresponding Author: onurkoleoglu@hotmail.com  

 
 

Abstract 

 

On the basis of the concept of smart growth reflects the idea of restructuring settlements to provide 

maximum efficiency for nature and human. This study aims to provide a comprehensive 

explanation of the concept of intelligent growth, the current planning approach developed within 

this scope and the principles of sustainable development within the framework of various 

initiatives. The aim of the study is to evaluate the factors that will bring solutions to the whole 

society in order to meet the conditions of regional harmonization in order to develop technical, 

design and effective ideas in order to reveal all the effects of the concepts of resource and material 

and applicability processes. 

 

Keywords: Smart growth 1, Sustainable development 2, Applicability 3. 
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1. Introduction 

It is the ability to meet daily needs without jeopardizing the ways of responding to the needs of 

future generations. (United Nations Commission on Environment and Development Brundtland 

Report, 1994). Ensuring the continuity of the diversity and productivity of the systems. 

Until 2023, the city's population is expected to increase from 50% to over 60%. By 1723, a new 

17 Mega Cities will be established in developing economies. As of 2013, 10% of the world's 

population will live in Mega Cities. It is estimated that 500,000 new vehicles will be launched 

during this process. 

In this context, an efficient urban form (compact, self-sufficient) should be integrated with the 

energy efficiency and technological harmony that has come to the fore in a smart / efficient 

settlement ideal. In addition, the concepts of local economy and social benefit are the strengths for 

the sustainability of an efficient settlement. In this context, smart settlement; It is a settlement that 

adopts strategies to use existing urban land efficiently, develop measures for energy consumption, 

increase quality of life, support local economic potentials and use developing technology in the 

direction of projecting and implementing these strategies in the face of increasing consumption 

factors in every field. [1] 

 

2.Material and Method 

The study consists of three stages. In the first stage, research and data acquisition has been provided 

on the scope of smart growth, approaches and important factors. In the second stage, the 

sustainable development of smart growth, which is considered as the building block in the first 

stage, is focused on. In the third stage, the important issues that the designers should evaluate and 

implement the concepts of smart growth and sustainability were considered. 

 

3.Smarth Growth 

The smart growth approach has been included in the planning agenda since 1996 and started to 

take place in the USA within the scope of growth (development) management / control. In fact, 

the concept of smart growth, is another form of the term sustainable development translated into 

everyday life by Americans. The term smart growth was introduced in 1997 by the governor of 

Maryland, Parris Glendening, to prevent urban sprawl. The major US cities, such as California, 

Connecticut, New Jersey, New York, Massachusetts, Maryland, Pennsylvania, North Carolina, 

Virginia, which have been growing up to the 1990s, have tended to reform their comprehensive 
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planning policies, with at least 100 smart growth the relevant law is defined in 27 states. The 

strongest advocacy group of the smart growth movement, the Smart Growth Network, plays an 

active role in the spread of the current [2]. Instead of sustainability's approach to growth, it 

advocates a consensus on sensitive growth. Within the framework of this approach, not only the 

sensitivity towards environmental protection is considered, but also the development of low 

density new residential area, economic gains of community service costs and the benefits of the 

built environment [3]. Looking at the examples of intelligent growth, it is seen that America is 

beneficial for low-density suburban scattering. It also promoted the development of fillings in old 

industrial cities. In 1999, Tucson, Arizona announced its development with its mixed housing, 

industrial residential, 2600 residential, pedestrian-friendly design and superior energy 

conservation features. (Ward, 2002). The main characteristics of this trend against urban scattering 

in the USA are the use of high-density mixed space and dense structure design, resulting in lower 

environmental impact. According to the definition of Smart Growth Network, ‘Smart Growth has 

10 basic principles. These; 

1. To promote mixed land use 

2. Take advantage of compact building design 

3. To increase housing opportunities and diversity 

4. Creating walkable cities 

5. Encourage the design of attractive cities with high space perception 

6. To protect open spaces, production areas, natural beauties and critical nature areas 

7. Ensuring strong and direct development in societies 

8. To increase transportation possibilities and diversity 

9. Making predictable, honest and cost-effective development decisions 

10. To promote intra-community and inter-stakeholder cooperation. [4] 

The areas covered by the Smart Growth approach are: 

•Life quality 

• Design 

• Economy 

•Environment 

• Health 

• Housing. 
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3.1. Environmental Approach 

Holden E. (2005) states that the most sustainable way of living as an antithesis to compact 

settlement theories is to return to self-sufficient, rural settlements that live closer to nature and 

reduce the need for products and services. 

 

3.2. Ecological Decentralization 

According to the ecological localization (eco-localism) approach, locality is based on the specific, 

self-sufficient, community economies. This is the main point of discussion of local economies. 

According to this model, local currency, food cooperatives, micro enterprises, farmers markets, 

perm culture, community supported agricultural farms, cooperative houses and eco villages, car 

sharing system and clearing method, central support, board etc. organizations such as local 

business agreements contains (Curtis, 2003). 

 

3.3. Slow City Movement 

The "slow city" movement emerged in Italy in 1999. Examples are found in Italy, Germany and 

Norway. It aims to create a network for self-sufficient small towns with a population of less than 

50,000. 

It is obvious that metropolitan cities will have to make sustainable cities much more liveable in 

the coming years with restructuring, appropriate technologies and smart planning. 

-The ideas that emerge in line with sustainable building strategies are as follows: 

-Ecological settlements / cities, 

-Intelligent, fuzzy logical cities, 

-Landscapers (cities buried on the ground), 

-Slow cities (Cittaslow) less than a thousand population, traditional building oriented, non-

intensive traffic, local products, renewable energy use, local cuisine, old building restoration, 

organic products, crafts focused, 

-Compact cities, 

-Sembio cities (cities that produce interdependent added values), -Archaeological / nostalgic cities, 

- Ideal cities (optimum cities) [non-compact, urban information system-based, energy-efficient, 

controlled population, nature-respecting cities], 

- Digital / smart cities. [5] 
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4.Sustainable Development 

 

Sustainable development is the process of meeting today's needs without jeopardizing the ability 

of future generations to meet their own needs. Sustainable cities are considered by many authorities 

to be defined as a concept that does not have a definite definition, and according to Geenhuisan 

and Nijkamp, sustainable cities are the cities in which socioeconomic interests are brought into 

line with environmental and energy concerns in order to ensure continuity of change.” [6] The 

main objectives are as follows: 

• Ensuring long-term economic and social security 

• Conservation and restoration of biodiversity and natural ecosystems 

• Recognition of cultural characteristics of cities 

• Empowering people in the process of sustainable development 

• Establishing cooperation networks for a sustainable future 

• Development of sustainable production consumption in line with the use of environmental 

technologies and efficient demand management 

• Transparent management 

 

In order to realize sustainability in smart growth, the concepts that should be considered are as 

follows: 

 

4.1. Urban Integrations for Intelligent Growth and Sustainable Development 

Sustainable Urban Design 

a) Urban Planning 

b) Recreation Areas 

c) Transportation Networks 

d) Surrounding Facilities 

e) House typology 

f) Local food production 

g) Mixed Uses 

h) Walkable Distances – Walks                                          Figure 4.1. Sustainable urban life 
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Location and transportation 

a) Alternative Transportation 

b) Proximity to Facilities 

c) Heat island effect 

d) Public Transportation 

e) Energy Efficient Vehicles 

f) Increasing green areas 

g) Land selection 

h) Rain water control                                                Figure.4.2. Location and transportation 

 

Energy 

a) Central systems 

b) Isolation 

c) Energy efficient devices 

d) Commissioning and automation 

e) Lighting 

f) Energy measurement and verification 

g) Renewable energy                                                                  Figure.4.3. Energy 

 

Health and Comfort 

a) Thermal comfort 

b) Cigarette Smoke 

c) Lighting Levels 

d) Fresh Air 

e) Light pollution 

f) Noise pollution 

g) Barrier-free life 

h) Daylight 

i) Scenes 

j) Accessibility                                                                     Figure.4.4. Health and comfort 
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Materials and Wastes 

a) Low oscillation materials 

b) Recycled materials 

c) Certified wood 

d) Building wastes 

e) Sustainable material                                                             Figure.4.5. Recycling 

Water Efficiency 

a) Gray water recovery 

b) Water consumption monitoring 

c) Rain water recovery 

d) Reduction of water consumption 

e) Garden irrigation 

f) Water-saving products [7]                                                 Figure.4.6. Water efficiency 

4.2. Parameters for Designers and Users 

There is always a need for building operation and maintenance to ensure an efficient situation for 

resources. In smart growth, system traceability criteria should be formed simultaneously. These 

can be explained by seven basic indicators: 

• Optimization of building operating costs. 

• Risk assessment for building reliability and flexibility. 

• Inner flexibility. 

• Building and system functionality. 

• Productivity and ergonomics. 

• Reduce energy requirements. 

• Environmental impact monitoring. 
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Figure 4.7. Use of building performance metrics reported by the BSRIA survey 

It is emphasized once again that the use of resources is important in the performance of the building 

expressed in the figure. 

The green building concept has four main areas to consider: materials, energy, water and health. 

4.2.1. Materials 

From natural, renewable resources that are sustainably managed and harvested or locally obtained 

to reduce the buried energy costs of transport or recovered from recycled materials on nearby sites. 

Materials are evaluated using green specifications that look at Life Cycle Analysis (LCA) in terms 

of embodied energy, durability, recycling content, waste reduction and reuse or recycling 

capability. 

4.2.2. Energy 

Passive solar design significantly reduces the heating and cooling costs of a building, such as high 

insulation and energy-efficient windows. Natural daylight design reduces the electrical need of a 

building and improves people's productivity and health. Green buildings also feature energy-

efficient lighting, low-energy devices and renewable energy technologies. Wind turbines and solar 

panels. 

4.2.3. Water 

Minimize water use by installing gray water and rainwater basin systems that recycle water for 

irrigation or toilet flushing; water-efficient devices such as low-flow shower heads, self-closing or 

spray taps; low wash toilets or non-water compost toilets. The point of use provides savings in 

water heating in hot water systems and pipes. 

4.2.4.Health 

The use of non-toxic materials and products will improve indoor air quality and reduce the rate of 

asthma, allergies and sick building syndrome. These materials are emission-free, have low VOC 

content or do not contain and are moisture resistant to deter molds, spores and other germs. Indoor 

air quality is also addressed by ventilation systems and materials that control humidity and allow 

a building to breathe. 

4.2.5. Maintenance and Standardization 

In addition to addressing the above areas, a green building should provide cost savings to the 

builder and occupants and meet the wider needs of the community by using local labour, providing 

affordable housing and ensuring that the building is appropriately placed for community needs. 
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Figure 4.8.Net zero energy concept 

 

The net zero energy principle is also an important concept for the spread of smart growth from 

household to general with building elements that can meet and use their own energy needs. 

The Technology Strategy Board advises designers on standardization of building codes. 

• Detecting heat losses and gains. 

• Providing efficient, effectively controlled and appropriately assigned building services. 

• Giving information to the building owner so that they can use the building efficiently. 

In order to achieve this, regulations and related approved documents set out the following criteria: 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 •The designed carbon emission rate (Apartment Emission Rate should not exceed self-contained 

housing and individual apartments (except for common areas) and Building Emission Rate). Target 

Emission Ratio is like a conceptual structure of type, size and shape. 

• Determination of minimum boundary parameters for the basic components of the fabric. 

• Optimum limited solar gain. 

• Prepare for energy-efficient operation by providing information to the building owner so that 

they can use the building in a way that does not use more fuel and power than is reasonable. 

 

 

5. Findings and Discussion 

By adopting development more consistently, more environmental efficiency and a more 

sustainable approach can be achieved. Such an initiative, titled ”Average Lean Green is a cost-

effective and logical process to improve development sustainability and begin to achieve 

significant reductions in carbon and water footprints.  

Everyone working in the built environment is out of resource and waste stopping this spiral and 

starting to repair some of the damage: 

Identify approaches to urban development that reduce resource inputs and waste outputs. 

Design buildings and neighbourhoods that consume less resources. 

Optimize production processes and distribution networks. 

Introduction of renewable energy sources. 

Designing buildings and neighbourhoods to reuse or activate heat and recycling water between 

recycling by-products. 

Use intelligent technology to create effective buildings. 

Adopt integrated system engineering. 

Able to supply and demand. 

 

6. Conclusions and Suggestions 

Urban guides should be put into service of the city and its implementation should be strengthened 

with legal framework and required. In order to ensure sustainability, it will be possible to 

investigate the effectiveness of urban design approaches towards smart and ecological cities in the 

implementation of zoning plan and to evaluate them in terms of resource efficiency. 
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In Turkey, the reaction is usually tried to be oriented solutions to urban problems are primarily 

physical size of the progress of the action plan for comprehensive smart growth. The necessity of 

creating sustainable solutions for social, economic and environmental conditions with the help of 

information and communication technologies should not be ignored. Producing the information 

with reliable technology will be the basis, storage and processing are important "Smart city" 

strategies of successful examples of creating goals and action plans to be very careful analysis of 

Turkey's needs and constraints must work to achieve the most intelligent solution. 
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Abstract 

 

Today, countries have sought solutions for energy use with various ideas and theories. As a result 

of these solutions, the efficient use of energy has led to the design of combined working systems 

together with such cases as re-use. Recently, interest in absorption cooling systems has increased 

due to the damage of the ozone layer. The advantage of using both absorbent and refrigerant as a 

fluid pair in absorption cooling systems and the fact that the waste heat and renewable energy 

resources encountered in the industry can be easily used in absorption cooling systems have further 

increased the importance. Along with technological developments, energy recovery will profit 

from production-consumption relations. Together with these elements, it has made useful 

processes that are more efficient with human and economic and solution oriented machines. Within 

the scope of the study, general concepts related to absorption refrigeration systems, fluid pairs and 

applications of these systems have been tried to be given effective condition characteristics 

according to the conditions. 

 

Keywords: Absorption refrigeration cycles 1, Hybrid systems 2, Fluid Pairs 3. 
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1. Introduction 

 

In parallel with the increasing population and industrialization in the world, the energy problem is 

increasing rapidly. Since energy sources (fossil fuels) are consumable or limited in quantity, 

alternative sources need to be developed along with their effective and efficient use. 

Due to the harmful effects of the refrigerants used in vapor compression cooling systems to the 

ozone layer and the energy bottleneck experienced today, absorption cooling systems have gained 

great importance. Absorption refrigeration systems have become more advantageous due to the 

fact that the fluid pairs used in absorption cooling systems do not damage the ozone layer, and that 

resources such as solar energy, geothermal energy and waste heat can be used. 

Cooling is the transfer of heat from one location to another, keeping the temperature at that 

temperature below the ambient temperature. The cooling process is used for air conditioning 

between ambient temperature and 1 ortamC, for commercial use for cold storage between 10˚C 

and -40 ˚C and for industrial purposes at various temperatures. For the first time in the history of 

human existence, the Chinese used cooling (Wikipedia). 

In 1775, William Cullen, a professor at the University of Glasgow, began to work when he saw 

that his hand had cooled down, and laid the foundation for the first mechanical cooling. In the 

meantime, machines working in places without electrical energy were emphasized and in 1885 the 

French Ferdinand CARSE found the absorption system. 

In the literature, solar energy and geothermal energy are generally used as energy sources in 

absorption systems. The great change caused by the oil crisis in the 1970’s began to complicate 

the work of designers and designers. In the following years, in the face of the continuous increase 

in energy prices and increasing demand, attention has been turned to new searches (Kurem, 2004). 

The features to be considered in device selection have started to limit the choices and make the 

use of energy more economical. In absorption systems, firstly, NH3-H2O pair was used in the 19th 

century and later, with the use of LiBr, structurally simplicity and low-cost system preference 

increased (Akbulut, 2006). 

It is a known fact that the heat transfer is in the direction of decreasing temperature, is from a hot 

environment to a cold environment. Heat transfer in this direction occurs spontaneously in nature. 

However, the heat transfer from an environment to a higher temperature environment cannot be 

spontaneous, which must be done by means of a cooling machine. 
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 The fact that it can be used in electricity heating in cogeneration applications and in cooling in 

summer months has started to focus attention on absorption chillers. Devices using lithium-

bromide and water are mainly used for comfort air conditioning and process water preparation 

between 3ºC / 20ºC (Cimşit, 2012). 

 

2.Material and Method 

The study consists of four stages. In the first stage, research and data acquisition about steam 

compression refrigeration systems were provided. In the second stage, despite the development of 

the cooling system mentioned in the first stage, the focus is on the issue of absorption cooling 

systems. In the third stage, thermodynamic analysis and system findings were compared and in the 

last stage, the results and recommendations were discussed in detail. 

 

3.Steam Compression Cooling Systems 

The steam compression refrigeration cycle is the most widely applied system. The main 

components of the system are the compressor, the condenser, the condensation, the throttle valve 

where the condensation occurs and the evaporator where the evaporation takes place. 

 

 

 

 

 

 

 

 

 

 

Figure 3.1.Ideal Steam Compression Refrigeration Cycle (Cengel Yunus A., 2011) 

 

The state changes that make up the system shown in Figure 3.1 are as follows: 

1-2 Isentropic compression in compressor 

2-3 Constant heat transfer from the condenser to the environment 
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3-4 Throttling (expansion and drop in pressure) 

4-1 Constant pressure heat transfer to the fluid in the evaporator 

 

 

Figure 3.2.P - h Diagram                                      Figure 3.3.T - s Diagram 

 

 

In Figures 3.2 and 3.3, the refrigerant enters the compressor 1 as saturated vapor and compressed 

to the condenser pressure. During the compaction process, the temperature of the refrigerant rises 

above the ambient temperature. The refrigerant then enters the condenser as superheated vapor at 

2 and separates from condenser 3 as saturated liquid. During condensation, heat is transferred from 

the fluid to the environment. The temperature of the refrigerant in this case is also above the 

ambient temperature. The saturated fluid is then reduced to evaporator pressure by means of an 

expansion valve. During this state change, the temperature of the refrigerant drops below the 

temperature of the refrigerated medium. The refrigerant enters the evaporator as a saturated liquid 

vapor mixture with reduced dryness and evaporates completely by taking heat from the cooled 

environment. Refrigerant emerges from the evaporator as saturated steam and completes the cycle 

by entering the compressor. (Akbulut and Kincay, 2006). 

 

3.1.Thermodynamic Analysis of Steam Compression Cooling Systems  

As seen in the cycle in Figure 3.1 energy balance; 

 

Compressor:Ẇk=ṁ(h2-h1)                                                                                                                   (3.1)                     



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

           

Ẇk: Compressor  power(kW) 

ṁ: refrigerant flow rate (kg / s)  

h1: enthalpy of refrigerant at the inlet to the compressor (kJ / kg) 

h2: enthalpy of refrigerant at compressor outlet (kJ / kg) 

Condenser:Q̇C=ṁ(h2-h3)                                                                                                                       (3.2) 

h2: enthalpy of refrigerant at the inlet to the condenser (kJ / kg) 

h3: Condenser outlet refrigerant enthalpy (kJ / kg) 

h3≅h4 

 

Evaporator: Q̇E=�̇�(h1-h4)                                                                                                 (3.3) 

h1: enthalpy of refrigerant at the evaporator outlet (kJ / kg) 

h4: Evaporator inlet refrigerant enthalpy (kJ / kg) 

 

Cooling Performance Coefficient: COP=  Q̇E / Ẇk                                                                                  (3.4) 

 

4.Absorption Cooling Systems 

Absorption refrigeration systems replace the compressor with work fluid, which consists of two 

different fluid mixtures called refrigerant and absorber fluid; It is a cooling system in which the 

generator, absorber and solution pump receive, and the chemical separation function is performed 

by the heat energy fed directly to the generator (Figure 4.1). [1] 

The heater fluid used in the generator is at low pressure and temperature and has low exergy. 

Because of this feature, ACS’s can be operated with steam obtained from sources such as waste 

heat, solar energy, geothermal energy, biomass. (Steel, 2007) 

As the number of generators increases (two-stage, three-stage), the quality of the steam supplied 

to the generator must increase. For this reason, the temperature and pressure of the steam to be 

supplied to the generator is important in the ACS. The system structure of the vapor compression 

refrigeration cycles is shown in Figure 3.1. While electrical energy is input to the steam 

compression refrigeration cycles, heat is supplied to the ACS. 

The operating principle of this system can be summarized as follows by using the numbers given 

to the points on the figure below. 
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2-3 The pressure of the liquid refrigerant in high pressure is reduced and sent to the evaporator. 

3-4 pressure decreases the refrigerant takes the ambient temperature and evaporates into the 

evaporator. 

4-5 refrigerant vapor goes to the absorber, where it combines with the rich melt to form the poor 

melt. 

5- 6 poor melt is pumped to the heat exchanger by the pump. The fluid evaporates and withdraws 

the required cooling load. The refrigerant vapor exiting the evaporator comes to the absorber. The 

refrigerant vapor coming into the absorber is absorbed by the molten fluid from the generator. In 

the absorber, the melt, which is enriched by the amount of refrigerant, is sent back to the generator 

by a pump and the cycle thus continues (Şencan, 2004). 

 

 

Figure 4.1. Absorption Refrigeration Cycle (Akbulut, 2006) 
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6-7 The poor melt takes some heat from a heat exchanger. 

7-8 poor melt comes to the generator. With the generator heat (Q ̇jen) provided by geothermal 

energy, the refrigerant in the rich melt is separated from the absorbent. 

8-9 The rich melt separated from the generator goes to the heat exchanger. Absorbent material 

constitutes the majority of the rich solution. 

The rich melt heat exchanger heats some of the energy it receives from the generator to the poor 

melt going from the absorber to the generator. 

The rich melt expansion valve at 9-10 high pressure decreases the pressure and comes to the 

absorber at low pressure. 

The 1-2 refrigerant becomes liquid and the cycle continues. 

The LiBr-water solution exiting the absorber enters the absorber again after circulating the heat 

exchanger, generator, heat exchanger, heat exchanger, respectively. Evaporated water in the 

generator enters the condenser. The water leaving the condenser passes through the evaporator and 

enters the absorber, where it is absorbed by the solution. The cycle continues in this way. (Cimşit, 

Öztürk İ.T., 2012) 

The separator is a part that completes the boiler. It condenses a small amount of water in the 

refrigerant vapor from the boiler to provide dry refrigerant vapor. 

Table 4.1. Comparison of Fluid Pairs Used in Absorption Cooling Systems [2] 
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4.1. Direct Combustion Absorption Cooling Systems 

Direct combustion absorption systems can be single-acting or double-acting. In such applications, 

double acting absorption cooling systems with higher EER values are preferred. Generally, direct 

combustion water chillers are double acting. The difference in such applications having the same 

system is that the device itself generates hot water or steam, which is the energy source. For this 

purpose, there is a boiler on the device to produce hot water or steam. Generally, natural gas is 

used as fuel for this purpose. Especially in countries where natural gas is cheap, these systems are 

advantageous and widely used. Directly fired coolers are heated by combustion of fossil fuels. 

Common fuels used are natural gas, fuel number 2 or liquid oil (LP). 

Typical COP’s for direct-fired, double-acting chillers are 0.9 to 1.1. The direct-ignition suction 

chiller process is almost identical to the indirect process, with the difference that heat is generated 

by combustion rather than steam. 

Advantages of Direct Combustion 

• Cost and space savings can be important as the boiler is eliminated. 

• Direct ignition allows unmanned operation. 

Disadvantages of Direct Combustion 

• A system is required to ventilate combustion products. 

•The initial cost of direct-fired units is higher than for steam-powered units. 

• Maintenance costs in the heat rejection circuit tend to be higher due to faster scaling. 

 

4.2.Indirect Combustion Absorption Cooling Systems 

"Indirect ignition" suction chillers use steam or hot water or hot gas vapor from a boiler, turbine 

or engine generator as the primary power input. 

  These chillers may be well suited for integration into a combined heat and power (CHP) 

cogeneration system using rejected heat from the gas turbine, steam turbine (non-condensing and 

extraction type) or engine generator. 

 

4.3.Cogeneration - Heat and Power Combined (CHP) 

Cogeneration is the sequential production of two different forms of beneficial energy from a single 

primary energy source. In fact, a plant running a Combined Heating and Power (CHP) system is 

about three times more efficient and reduces greenhouse gases by similar amounts. 
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4.3.1.Gas Turbine Cogeneration Systems 

Gas turbine cogeneration systems can generate all or part of the region's energy needs, and high-

temperature released energy in the exhaust stack can be recovered for various heating and cooling 

applications. The steam generated from the exhaust gas of the gas turbine is passed through a back 

pressure or extraction condensing steam turbine to generate additional power. Exhaust or steam 

exiting the steam turbine provides the necessary thermal energy. 

Although the power conversion efficiency has a low temperature, more heat can be recovered at 

higher temperatures. If the heat output is less than desired by the user, it is possible to burn 

additional natural gas by mixing additional fuel to the oxygen-rich exhaust gas to increase the 

thermal output more efficiently. 

 

4.3.2.Steam Turbine Cogeneration 

An advantage of the steam turbine cogeneration system is that a wide variety of fuels such as coal, 

natural gas, fuel oil and biomass can be used. There are 3 types of steam turbines commonly used. 

1. Condensing turbine ------- {for electrical service only} 

2. Non-condensing turbine ------- {for cogeneration service} 

3. Extraction turbine -------- {for cogeneration service} 

 

4.3.2.1. Condensing Turbine 

The condensing turbine is primarily used for power generation. These turbines exhaust directly 

into the condenser held under vacuum conditions and cause maximum power to be generated. They 

are not recommended for cogeneration systems. 

The two most common types of steam turbines used for cogeneration systems are back pressure 

and extraction condensate types. 

 

4.3.2.2.Non-condensing (Back-pressure) Turbine 

The non-condensing turbine, called the back-pressure turbine, consumes all the steam flow at and 

above atmospheric pressures. For a single-acting suction system, the back pressure turbine is 

generally recommended. 

 

4.3.2.3.Extraction Turbine 
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In the extraction steam turbine, some of the expanded steam is discharged at some moderate 

pressure and fed to the suction unit and the remaining steam goes up to a condenser so that higher 

electricity can be generated. The separation points of steam from the turbine may be more than 

one, depending on the heat temperature required by the processes. 

 

4.3.2.4.Cogeneration Using Waste Heat Recovery 

Higher heat recovery is used to generate power. This is best suited, for example, for some 

production processes requiring high temperature heat in furnaces and for rejecting waste heat at 

still very high temperatures. This waste heat can be used in a variety of ways to generate and cool 

power. 

 

4.4.Single Effect Absorption Cooling Systems 

Such systems are particularly suitable for enterprises with waste steam, flue gas and hot water 

energies. Geothermal and solar energy and so on. In countries with energy sources such as 

absorption systems are appropriate to use. [3] 

In recent years, due to the high electricity costs, large shopping centres and industrial plants have 

started to install natural gas power plants to meet the electricity need. The waste heat generated 

here meets the needs of heating or process heating water in winter and cold water for process 

cooling water or central air conditioning in summer. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2.LiBr-Water cooling system with single-acting absorption (Bereche et al., 2009) 
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These systems, which are becoming more widely used today, are referred to as given trigeneration 

”applications. In trigeneration applications, electricity generation, heating and cooling can be met 

according to needs. [4] 

Single-acting absorption chiller; generator, condenser, evaporator, absorber and heat exchanger. 

In addition, fluid pumps and melt pumps are available in the system. In addition, since the system 

operates in vacuum, vacuum pump and measuring elements are used on the system. Generators, 

condensers, evaporators and absorber units, depending on the capacity of a large number of copper 

pipes are used. The pipes used are straight and generally grooved pipes to increase the heat transfer 

surface. [5] 

4.5.Double Effect Absorption Cooling System 

 

Double-acting absorption cooling system; It consists of basic elements such as 1st stage generator, 

2nd stage generator, condenser, evaporator, absorber and heat exchangers. In addition, fluid pump 

and speed controlled melt pumps are available in the system. The main difference of double-effect 

absorption water chillers compared to single effects is the use of high pressure steam and second 

stage generators. The EER value ranges from 1.2 to 1.4. However, in terms of initial investment 

cost for the same capacity, double effects are on average %40 to 50% more expensive than single-

effect absorption water chillers. In double-acting systems, the vapor pressure must be high. The 

minimum vapor pressure should be between 400 kPa (4 bar) and the ideal vapor pressure should 

be between 700 kPa (7 bar) and 900 kPa (9 bar). [6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.3. Ammonia-Water-operated double-effect absorption cooling system (Bereche et al., 2009) 
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4.6.Three Effective Absorption Cooling Systems 

 

In order to increase the efficiency coefficient, research and studies have been concluded for the 

commercial use of three-effect absorption water cooling systems in recent years and it has been 

stated that the approximate EER values are around 1.7. [7] In order to increase the efficiency 

coefficient, research and studies have been completed for the commercial use of absorption water 

cooling systems which are three effectives in recent years. Figure 4.4 shows three effective H2O-

LiBr cycles. Here, the poor solution in the absorber is distributed in series to the generators G1, G2 

and G3. In this cycle, although only one generator (G1) is supplied with heat, the refrigerant is 

separated from the absorbent in the three generators. Although the ideal cooling effect coefficients 

of these cycles are greater than 3, they are still not commercially produced [6]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.4.P-T diagram of three effective cycles 

 

 

4.7. Thermodynamic Analysis of Absorption Cooling Systems 

 

Evaporator:Q̇E=�̇�7(h3-h2)                                                                                                             (4.1) 

 

Mass balance: Σ(�̇�)g = Σ(�̇�)ç                                                                                                                                                           (4.2) 

                       �̇�1=�̇�2=�̇�3=�̇�7 

                       �̇�10 = �̇�9 = �̇�8 
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                        �̇�4 = �̇�5 = �̇�6 

Generator:Q̇G = �̇�7h7 + �̇�8h8 – �̇�6h6                                                                                            (4.3) 

         

Condenser :Q̇C= �̇�7(h7-h1)                                                                                                             (4.4) 

          

Absorber:-Q̇A+h3�̇�3+h10�̇�10-h4�̇�4 = 0                                                                                        (4.5) 

         

Heat exchanger:Q̇ID = �̇�8(h8-h9) = �̇�6(h6-h5)                                                                              (4.6) 

Cooling Performance Coefficient:𝐶OP =
Q̇E

Q̇G+ẆP
                                                                       (4.7) 

        

COP=Q̇E/Q̇G     (ẆP was neglected to be too small) 

 

The following assumptions were made for the thermodynamic analysis of the absorption system: 

1-System works under continuous regime conditions. 

2- The water vapor in the generator outlet is superheated steam and its temperature is close to the 

generator temperature. 

3-The refrigerant from the condenser is water in saturated liquid conditions and at condenser 

temperature. 

4-The cooling water vapor coming out of the evaporator is under saturated steam conditions and 

evaporator temperature. 

5- The melt from the absorber is at the pressure and temperature of the absorber and is in 

equilibrium. 

6- The solution from the generator is in equilibrium at the generator temperature and pressure. 

7- All pressure losses in the system are neglected. 

8- The heat interaction of the system with the environment is neglected. 

9- Job entry into the system is neglected (Babadağlı, 2005) 

 

5. Findings and Discussion 

 

In Figure 5.1, the variation of COP values according to different evaporator temperatures of the 

absorption and vapor compression refrigerated systems are calculated and compared. 
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Figure 5.1.Comparison of Absorption Cooling Systems and Steam Compression Cooling Systems in 

Terms of Cooling Performance Coefficients (COP) 

 

Considering the first law of thermodynamics, the same cold production (1 kW) of absorption and 

vapor compression cooling systems were analysed. As can be seen from Figure 5.1, it is seen that 

COP values increase with increasing temperature in vapor compression and absorption cooling 

systems at different evaporator temperatures, and when compared, COP values of vapor 

compression cooling systems are higher than absorption cooling systems. 

The advantages and disadvantages of absorption cooling systems can be listed as follows: 

1.Absorption cooling system can operate very quietly due to the small number of moving parts. 

This may prove necessary for large capacity plants. 

2.Absorption cooling system shows an advantageous situation at low evaporator temperatures. The 

most important reason for this is the friction of the compressor in the vapor compression system. 

This is because power losses and overheating problems do not occur in this system. 

3.Absorption cooling system provides advantages with easy adjustable, controllable, free and long 

life factors. 

4. In the absorptive cooling system, it has superiority for the following production processes since 

it has a flexibility that can vary between 0-100% compared to the vapor compression system. 

-Freeze processing of the most effective and important process, 

-For the chemical industry, freezing, separation, liquefaction, 

-In the testing of technical equipment in the fields of mechanical, electrical and aviation, 
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Figure 5.2.Cyclical comparison of cooling systems (Steel, 2007) 

 

5.The temperature deviations can be protected by small changes in the expansion valves. 

6. In absorptive refrigeration systems, when the evaporator pressure and temperature drops, there 

is little decrease in cooling capacity, but in vapor compression system, a very rapid decrease in 

capacity occurs. 

7.Absorption cooling system provides rapid cold production in terms of construction. (Generation 

of low temperatures within 20-30 minutes after heat is supplied to the generator). 

8. In absorptive cooling system, 2-9% of the electrical energy used in steam compression system 

is used. 

9. Efficient operation can be achieved by symmetrically placing different elements of the 

absorptive cooling system in a small space. 

10.Absorption cooling system seems to be quite economical in terms of energy cost compared to 

steam turbine cooling system. Compared to the compressor type refrigeration system does not 

show much advantageous situation. However, process waste heat, solar and geothermal energy 

sources are used to provide the necessary heat for the generator. In case of absorption, economics 

may be involved. 

The initial investment cost is high in the absorption cooling system, as well as it does not require 

maintenance and it is possible to pay for itself in a very short time due to the rare occurrence of 

malfunctions. [9] 
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6. Conclusions and Suggestions 

 

In this study, general concepts of absorption systems, fluid pairs used, comparisons with vapor 

compression cooling systems are made. The developed absorption cycles are classified and 

examined. In addition, thermodynamic analysis results of absorption cooling system and vapor 

compression cooling systems were examined and cooling performance coefficients were compared 

according to different evaporator temperatures. 

It was observed that the cooling performance coefficients of both systems increased when 

evaporator temperatures were increased. However, it is seen that COP values of vapor compression 

refrigeration systems are higher than absorption refrigeration systems. 

As a result, when the cooling performance coefficients are evaluated, it is recommended to use a 

vapor compression cooling system when high cooling performance is desired. However, if there 

is a sufficient heat source for the generator temperature, the absorption systems are more 

economical than the steam compression systems. elements should be optimized by making the 

selection. 
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Abstract 

In this study, pure Nickel alloys was coated with TiO2 and ZrO2 by sol gel method. used. Pure 

Nickel processed in 15x5 mm dimensions were polished in 1 μm Al2O3 solution after required 

sanding operations before the left gel treatment. B4C, Tinkal and Sassolite boron compounds in 

dimensions of 75 boyutm were dissolved in 30% by weight of Acetone at about 70 ° C by means 

of magnetic stirrer. The samples were dipped in 1 M H2SO4 prior to coating the left gel. It was 

then dried in purified water for 1 minute and washed with acetone. The prepared samples were 

immersed in dissolved boron compounds on the magnetic stirrer and kept vertically for about 5-6 

minutes. The characterization of these coatings was investigated. 

 

Keywords: W80-Cu20, Ti6Al4V, Nickel, Sol Gel Method 
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1. Introduction 

 

Sol–gel method is one of the well-established synthetic approaches to prepare novel metal 

oxide NPs as well as mixed oxide composites. This method has potential control over the textural 

and surface properties of the materials. Sol–gel method mainly undergoes in few steps to deliver 

the final metal oxide protocols and those are hydrolysis, condensation, and drying process. The 

sol-gel method refers to dissolve the esters or metal alkoxides into organic solvents to form 

homogeneous solutions, then add other components, react at a certain temperature to form gels, 

and finally synthesis the nanomaterials by drying. The sol-gel technology is an exploited wet route 

for the preparation of nanostructured metal oxides. The sol-gel method enables the production of 

various materials with novel, predefined properties at a relatively low process cost. The sol-gel 

process consists of chemically transforming a liquid (the sol) first into a gel state and, with 

subsequent posttreatment and transition, into a solid oxide material. The advantages of this process 

are the uniform nanostructure it produces along with high purity obtained at low temperatures [1-

4]. In this study, W80-Cu20, Ti6Al4V, pure Nickel alloys were coated with TiO2 and ZrO2 by sol 

gel method. The surface properties of the samples were analyzed by SEM and EDS analysis with 

3 dimensional laser profilometer. 

 

2. Material and Method 

 

In this study, W80-Cu20, Ti6Al4V, pure Nickel were used. 15x5 mm in size - samples was 

processed before the left gel sanding process and then polished in 1 μm Al2O3 solution. TiO2 and 

ZrO2 powders were dissolved in acetone at about 80 ° C with the aid of a magnetic stirrer. The 

samples were dipped in 1 M H2SO4 before the left gel was coated. It was then dried in purified 

water for 1 minute and washed with acetone. The prepared samples were immersed in dissolved 

boron compounds on the magnetic stirrer and held vertically for about 5-6 minutes. The surface 

properties of the samples were analyzed by SEM and EDS analysis with 3 dimensional laser 

profilometer. 
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3. Results and Discussion 

 

Surface SEM images of W80-Cu20, Ti6Al4V, pure Nickel samples coated with TiO2 and 

ZrO2 by the left gel method are shown in EDS analysis and 3-dimensional surface pictures are 

shown in Figure 1-3. EDS analysis showed that sample surfaces were coated with TiO2, SiO2 and 

ZrO2. 

 

 

 

 

Figure 1. SEM and EDX and surface analysis of TiO2 coated W80-Cu20 alloy by sol gel method. 
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Figure 2. SEM and EDX and surface analysis of ZrO2 coated W80-Cu20 alloy by sol gel 

method. 

 

 

Figure 3. SEM and EDX and surface analysis of ZrO2 coated pure Nickel by sol gel 

method. 
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Figure 4. SEM and EDX and surface analysis of TiO2 coated pure Nickel by sol gel 

method. 

 

 

Figure 5. SEM and EDX and surface analysis of ZrO2 coated Ti6Al4V by sol gel method. 
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Figure 6. SEM and EDX and surface analysis of SiO2 coated Ti6Al4V by sol gel method. 

 

The surface properties of the samples coated with sol gel method varied due to different 

coating types. Some sample surfaces appeared to be smooth, while others had surface scratches. 
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Abstract 

 

In this study, the surface properties of plasma paste boronized titanium were investigated. 

Boronizing in titanium plasma, which is widely used in industry, was carried out in 80% Ar - 20% 

H2 gas mixture at 800ºC for 4 hours under 5 mbar pressure. The boride layers, X-ray diffraction, 

SEM and microhardnesses were obtained. As a result of X-ray analysis, TiB and Ti2B layers were 

formed on the surface of titanium. The plasma boronizing process has been successfully carried 

out at a lower temperature than the traditional boronizing methods. 

 

Keywords: Titanium, Plasma Paste Boronizing, XRD 
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1. Introduction 

 

In recent years, the surface modification of materials used as a result of expecting superior 

properties from metarials with the development of technology has been noted. For this purpose, 

boronizing is the first thing that comes to mind as an effective method of surface hardening.  Above 

all, boronizing surface treatment within the mechanical and metallurgical industry in the world is 

in demand in tribological perspective. Plasma paste boronizing process is easily carried out by 

using boron products (borax, B2O3, B4C). The gases (B2H6, BCl3, BF3) used in plasma boronizing 

which are expensive and corrosive characteristics and purchasing boron resources used in pack 

boronizing from abroad makes plasma paste boronizing attractive. Using boron sources such as 

borax and boric acid that is common in our country in this process shall provide the opportunity in 

the consumption of boron and in the use of boron resources [1-3].  

 

In this study, Ti6Al4V alloy was plasma paste boronized with B2O3 paste. Plasma paste 

boronizing process was carried out at temperature of 800 °C for 4 hour at gas mixture of 80% Ar 

- 20% H2 and 5 mbar working pressure. After boronizing, the samples were cut on cross section 

and prepared using standart metallographic techniques. The microstructure and thickness of 

plasma paste boronized samples were examined by SEM microscopy. The surface borides were 

identified by using XRD technique. The hardness of boride layers were measured by Vickers 

indenter.  

 

 

2. Material and Method 

 

In the experimental study, cylindrical titanium alloy with dimensions of 15x8 mm were used. 

Ti6Al4V alloy was boronized by plasma cake boring method under 5 mbar pressure at 800ºC for 

4 hours in 80% Ar - 20% H2 gas mixture under vacuum. Plasma paste boronized specimens were 

cut from the section with SiC cutting disc and passed through 240-1000 grit SiC sandpaper and 

polished in 0.1 µm alumina suspension. Metallographically prepared samples were etched with 

3% nital. The analysis of the phases formed on the steel surface was carried out using CuKɑ 

radiation with the help of X-ray diffraction (Shimadzu XRD – 6000). The hardness values of the 
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samples are 50 gr. In Vickers microhardness tester (Shimadzu HM-2). measured under load. 

Materials and devices used in the experiment are given in Figure 1. 

 

 

 

Figure 1. Materials and device used in the experiment 

 

3. Results and Discussion 

3.1 Surface Characterization 

 

Figure 2 shows the SEM cross-sectional microstructure of plasma paste boronized Ti6Al4V 

alloy. As a result of boronizing process, 5 µm boride layer was obtained in Ti6Al4V alloy. In the 

X-ray diffraction analysis, TiB and Ti2B phases were obtained by plasma piecing in Figure 3. 
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Figure 2. Section microstructure of plasma paste boronized Ti6Al4V alloy at 800ºC for 4 

hours 

 

 

Figure 3. XRD pattern of plasma cake boronized Ti6Al4V alloy for 4 hours at 800ºC 

 

As a result of the metallographic investigations, it was observed that the coating / matrix 

interface and the matrix were distinctly separated from each other and the boride layer had a 

colonic structure. As a result of plasma cake boring process at 800◦C for 4 hours, surface hardness 

value of was obtained in pure titaniumum 3596 HV0.05. 
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Abstract 

 

In this study, hydrokinetic energy conversion system with vertical axis turbine was designed to 

meet the electricity needs of rural houses especially by utilizing water flow energy for river, river, 

tea or stream applications. In order to increase the system performance coefficient, fixed wing with 

internal guide was used. The effect of these fixed wings on system efficiency was investigated. 

Thus, a clean and renewable energy conversion system has been realized which can compete with 

solar energy conversion systems in terms of price, has load-frequency stability and can be used in 

rivers, especially near small settlements and in areas not suitable for accumulating water. turbine, 

speed increasing mechanism, DC generator, rectifier, battery bank and inverter. In addition, a 

hydrokinetic channel was constructed to make it similar to river beds and the electricity production 

was realized in a controlled manner by utilizing the kinetic energy of water.  

 

 

Keywords: Hydrokinetic Turbine, Fixed Blades, DC Generator, Power Bank, Load Frequency Stability  



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

1. Introduction 

 

One of the indispensable means of consumption of today is energy. Clean, efficient and 

economic use of energy is considered as the leading criterion of the development levels of the 

countries. Today, the world's commercial energy demand is met by fossil fuels, nuclear and 

hydraulic energy sources. The possibility of depletion of fossil fuels in the near future and the 

increase of environmental pollution caused by the use of fossil fuels are important problems. 

Besides these negativities, energy consumption is constantly increasing and it is seen that it will 

increase with a greater acceleration in the future [1]. Such a trend of energy makes it inevitable to 

move towards alternative energy sources. 

The decrease in fossil energy resources in the world and the rise in energy prices accelerate 

the search for alternatives and the optimum use of available resources is gaining importance. 

Turkey's mountainous terrain and river reveal the excess of the number of hydrokinetic energy 

potential. Energy in river flows or other artificial water channels can be utilized as a renewable 

energy source. Hydrokinetic turbines, in particular, are used as a good renewable energy 

alternative in rural areas and in the deprived areas of developed countries, to generate electricity 

from the kinetic energy of water flowing in rivers. 

 

The negative environmental emission effects and increasing depletion of fossil fuels require 

intensive consideration of alternative options for energy sources. In this sense, it is important to 

diversify the energy resources and to make more effective use of the available resources. Turkey 

has an average altitude of 1132 m. In general, the elevation in our country increases from west to 

east and from coast to inland and also affects the climate conditions of our country. As the elevation 

increases, temperatures decrease from coastal areas to inland and from west to east. [2]. 

Mountainous terrain and harsh winter conditions allow many rivers with significant flow rates to 

flow from our country. In many of these rivers, there are water accumulation dams and 

hydroelectric power plants. Creating more suitable dams is one of the most important challenges. 

In addition, fertile agricultural lands become unusable in the dams. There are also many areas that 

cannot be physically built. For these reasons, the need to utilize the energy of the flowing water 

without accumulating the water and convert them into qualified and usable energies arises. This 

technology is actually available in wind turbines [3].  
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On the other hand it is seen that there is a significant potential for hydrokinetic potential 

Referring to Turkey's rivers. In addition, energy costs are increasing in other energy generation 

methods due to the fact that resources are gradually terminated, that is, resources are not infinite 

[4]. 

 

In order to convert water flows into electrical energy, which is a more qualified form, an 

electromechanical energy converting structure similar to wind turbines is needed. This method 

uses the kinetic energy of water [5]. 

Hydrokinetic turbines have the potential to be a low-cost, renewable energy source for rural 

areas in developing countries and remote regions of developed countries without access to 

electricity. Although not suitable for providing large-scale electricity, it is a good option for small 

and medium-sized applications. Hydrokinetic devices, like water wheels, have existed for 

centuries. [6, 7]. Water wheels are the first type of hydrokinetic energy extraction devices 

commonly used in milling, crushing or crushing various products in mills. They were placed in a 

river or a mobile water source and used as an energy supply to a water mill. 

Hydrokinetic turbines, conversion systems and calculation methods are similar to wind 

turbines. In other words, hydrokinetic turbines are the ones used in water by taking necessary 

precautions. Hydrokinetic turbines are separated horizontally and vertically. It is possible to realize 

the vertical axis easily in all rivers and flow channels regardless of the water depth. [8].  

 

In this study, Turkey's low sloping low flow in rivers located in the mountainous region, a 

vertical axis to produce electrical energy hidrokinetic the voltage to be obtained by the turbine is 

a village house was investigated not be enough. The results are presented in terms of electrical 

voltage and cost analysis. 

 

2. Material and Method 

 

The kinetic energy in the water streams is first converted into mechanical rotation by means 

of a hydrokinetic turbine and then converted into electrical energy by a generator. A schematic 

view of the system that provides electrical power from hydrokinetic energy is given in Figure 1 

[9].  
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Fig. 1 Principle view of water flow kinetic energy conversion system [9] 

Sediment structure in rivers causes slowdown in water flow rates. Significant increases in 

water flow rates may occur with the construction of flow channels of concrete or similar material 

similar to irrigation channels. In the calculation of the flow in open channels, the Manning relation 

shown in Eq. (1) is often used. With this correlation, the water flow in the open channel can be 

calculated as; 

 

𝑄 = 𝑣𝐴 = (1.49 ⁄ 𝑛)𝐴𝑅2/3√𝑆                  (1) 

 

In Eq.1, Q is flow rate, v is current velocity, A current cross section, n, Manning Smoothless 

Coefficient, R is hydrolic diameter, S is the channel slope. 

 

 The power generated by the sysytem is also given in Eq.(2) 

 

𝑃 = 𝜌𝐴𝑣3𝐶𝑝          

 (2) 

 

P is the power generated by system, ρ is the density of flow, and Cp is the power coefficient 

of the  system in Eq.(2). 

As can be seen, the water flow rate is strongly dependent on the channel slope (S) and the 

surface roughness coefficient (n). In addition to this, it is important on hydraulic scale. In 

hydroquinetic turbines, energy conversion is possible with small water girls. However, water flow 

rates of 1 to 2 m / s are generally expected to achieve significant energy [10].It is possible to 
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classify water flows into four groups as river, tide, ocean / sea and irrigation channel / man-made 

flow channel flows  [9].  

 

The flow within the river and artificial channels is important for our country. These flows 

can be transformed by vertical and horizontal axis turbines. The most important difference between 

vertical and horizontal turbine types is the drive principle of the turbine propeller. In vertical axis 

kinetic turbines, the axes of rotation are perpendicular and perpendicular to the wind / water flow 

direction and the blades of these turbines are also vertical. Such turbines can accept flow from any 

direction, so they do not need a direction tracking mechanism. In Figure 2 below, the experimental 

setup produced to investigate the water channel flows in mountainous areas is given. There are 

one DC generator, six blades on turbine, flowmeter and two water pumps on the experimental set 

up. Measuring equipment such as volt meter, data acquisition card are mounted from outside of 

the setup. 
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Fig. 2 Flow simulation experimental set up. 

 

3. Results and Discussion 

 

In this study, vertical hydrokinetic turbine and generator system with fixed guide blades have 

been realized in order to establish an experimental model for generating electricity from rivers in 

high altitude areas. The main purpose of the study is to investigate a continuous and sustainable 

electricity source for a house in a high altitude zone.  

 

In order to investigate the mechanical performance of the vertical hydrokinetic turbine, type-

velocity ratio and power diagram coefficient were examined. The highest TSR obtained from the 
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experiments is 2,18 and the power coefficient is 2.8 for this TSR. The minimum TSR was 0.41 

and the corresponding Cp was 0.5. 

 

In Figure 3, the relationship between the flow velocity and the electrical voltage obtained is 

given. In the present case, the electrical voltage is only obtained when the water flow rate exceeds 

1.7m / s. The increase in electrical voltage was measured with a tendency showing a linear increase 

on a steep slope with the water flow rate. 

  

 

 

Fig. 3 Water flow velocity (m/s) vs electrical potential  (V) 

 

Another important data about the mechanical behavior of the hydrokinetic turbine is the 

turbine efficiency coefficient. The change of Ch’ versus TSR was also examined in the study. The 

value of Ch varies between 0.75 and 1.28 and the TSR ranges between 0.41 and 2.18. The 

coefficient Ch shows an almost linear increase, while the power coefficient shows a parabolic trend 

line with an increase in the extreme velocity ratio. 
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Figure 3 shows that the relationship between the water flow rate (m / s) and the voltage (V) 

generated increases almost linearly. Here, due to the limited electrical power of the pumps used in 

the system, the upper voltage data received at full power does not allow monitoring of the change 

of the graph at all times, but it has been proved to be a linear change in the examined range as 

expected. 

 Another important research topic of the study is to investigate the cost-effectiveness of this 

system. The most basic element required for this system is hydrokinetic turbine, which costs about 

1200 (USD). A power bank and inverter are needed to install the system in a home. The cost of 

these equipment is approximately 1500 (USD). 

 

4. Conclusions 

 

In this study, the applicability of a hydrokinetic turbine designed to be used in Turkey's rivers 

flow in mountainous regions were examined. In the light of the evaluations, the following 

conclusions were reached; 

1- The electrical voltage is obtained when the water flow rate is 1.7m / s. In streams with a 

flow potential below this value, more efficient generators should be used. 

2- The increase in the water flow rate increases the electric voltage significantly. Flow rate 

is an important parameter for the initial depreciation of the initial investment cost. 

3- The initial investment cost of a such system will be approximately 2500(USD), including 

hydrokinetic turbine with generator, invertor and powerbank. Powerbank is the most 

important equipment of the system in the name of sustainable electricity usage. 
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Abstract 

 

In this study, a 3-D computational fluid dynamics model of a PEM fuel cell with single serpentine 

flow channels having 50 cm2 active layer was developed to investigate polarization curve with 

different operating conditions. In the numerical study, verification was performed under the 

highest operating conditions obtained from the experiments. The model was created in Gambit 

2.4.6 which is a pre-processing software. Ansys-Fluent 16.2 PEMFC module was used to compile 

the appropriate user-defined functions for a PEMFC. Effects of different parameters were studied 

by determining the current density, oxygen, hydrogen and water molar concentration distributions 

took into account the mass, momentum, energy, species, charge conservation equation as well as 

combines electrochemistry reaction inside the fuel cell and showing at polarization curves. The 

PEM model was compared with 7.26% error. 
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1. Introduction 

 

Among many scientists and energy experts, a fuel cell is one of the most promising energy 

converters especially, polymer electrolyte membrane fuel cell (PEMFC) is expected to be the 

driving power of vehicles and stationary power supply, because it can work at low temperature 

and has high power density. Also their high efficiency and low pollution levels have promoted 

their use for supplying energy to the next generation electric vehicles. Therefore PEMFCs are 

expected to be of practical use because they emit less environmental pollutant than other energy 

resources. In addition, many scientists and energy experts consider hydrogen as the fuel of the 

future. 

The modeling of fuel cells focus on a single fuel cell (gas channels, catalyst, gas diffusion layer 

and membrane), stacks, or on an integrated system where the fuel cell is just one of the 

components. 

 Sierra et al. (2011) presented a 3D computational model of a proton exchange membrane fuel cell 

(PEMFC) to investigate the effect of employing different modes of gas feeding on distributions. 

The model was based on a commercial fuel cell with serpentine flow-field. From a rigorous 

analysis of species concentration, current density and ionic conductivity distributions a correct 

form of feeding gases in the fuel cell was determined. Optimal operating conditions were found 

for a better utilization of fuel and local current distribution on catalyst layer could be improved by 

feeding gases in similar mode and changing the channel height. Ozden et al. (2016) parametrically 

analyzed fuel cell by using a commercial Computational Fluid Dynamics (CFD) software. The 

investigated parameters were the membrane equivalent weight, Catalyst Layer (CL) porosity and 

viscous resistance, the Gas Diffusion Layer (GDL) porosity and viscous resistance, and the bipolar 

plate contact resistance. It was shown for the first time that PEM fuel cell overall degradation can 

be numerically estimated by combining experimental data from degraded individual components. 

By comparing the simulation results it was concluded that the effects of overall degradation on 

cell potential was significant – estimated to be 17% around the operating point of the fuel cell at 

0.95 V open circuit voltage and 70°C operating temperature. Limjeerajarus et al. (2015) had 

systematically carried out a numerical investigation on the distributions in six different flow field 

designs over 5 cm2 PEFC using CFD techniques via ANSYS FLUENT software to study the effect 

of different flow field configurations and number of channels. Their results revealed that, for a 
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small-size PEFC, the flow fields with less number of channels provided both a better uniformity 

and cell performance. Although the number of channels affected the small-size PEFC performance 

much greater than the flow field geometric configurations. Wang et al. (2019) developed a three-

dimensional, two-phase and non-isothermal PEM fuel cell model with experimentally measured 

TP-GED to investigate the gas diffusion process considering Knudsen diffusion and the liquid 

water effect in each component of porous electrodes and their influence on the overall cell 

performance. They found that the gas diffusion properties in cathode porous electrode played a 

dominant role in determining the cell performance. Jomori et al. (2012) studied the effect of proton 

overpotential in the cathode catalyst layer with additional performance decay witnessed under low-

humidity conditions. According to their results, the transport resistance increased significantly 

during potential cycling and more than half of the performance decay at high current densities 

originated from the increased transport overpotential. Atyabi et al. (2019) simulated a 3-D 

multiphase model of the polymer exchange membrane (PEM) fuel cell to study the effect of 

assembly pressure on the contact resistance between the gas diffusion layer (GDL) and bipolar 

plate (BP) interface. Their results revealed that fuel cell performance improves with increasing 

assembly pressure up to 4.5MPa. The optimum performance of the fuel cell has been achieved at 

the assembly pressure of 4.5MPa. Abdulla et al. (2018) analyzed a detailed PEMFC with enhanced 

cross-flow split serpentine flow field by varying operating conditions as cell temperature and inlet 

humidity on air and fuel side. Enhanced cross-flow split serpentine flow field (ECSSFF) fuel cell 

showed superior performance over the triple serpentine design under all given conditions. Li et al. 

(2019) in their work, a three-dimensional modeling of PEM fuel cell with thin and high 

performance MEA was performed. A 50 cm2 PEM fuel cell with high performance thin MEA 

counter cross flow pattern under low humidity and high current density operation was modeled. 

For 0.65 V operation under 50%-0% RH for anode/cathode, the thin CCM with enhanced cathode 

electrode leaded an average current density of 2.51 A/cm2. Good membrane hydration was 

achieved even with this low anode humidification and cathode humidifier elimination condition 

due to high water generation from high current PEM fuel cell. 

In this study, a 3-D, full-scale, single-phase model has been developed for a polymer electrolyte 

membrane fuel cell (PEMFC) with serpentine flow channels. Equations for conservation of mass, 

momentum, and species are coupled with electrochemical kinetics in anode and cathode catalyst 

layers. The model is used to study the effects of different operating parameters on fuel cell 
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performance. Comparing numerical and experimental results demonstrate that the single-phase 

model slightly over-predicts the results for polarization plot. 

 

2. Material and Method 

 

In paper, the model presented is a 3-D, isothermal, single-phase, steady-state model that resolves 

coupled transport processes in membrane, catalyst layers, gas diffusion layers and reactant flow 

channels of a PEM fuel cell. Mesh structure of model is in Figure 1. Physical and electrochemical 

parameters of PEM fuel cell model are given at Table 1. The solution strategy was based on the 

SIMPLE algorithm. Momentum equations were solved for the velocity followed by solving the 

equation of continuity, which updates the pressure and the flow rate. A HP-PC-Intel®Xeon® CPU 

E5-2650v2@2.6 GHz, 2.6 GHz, 64 GB was used to solve the set of equations. The computational 

time for solving the set of equations was about 476 min. Design and operation parameters of PEM 

fuel cell model is given at Table 2. 

 

2.1. Modeling PEM Fuel Cell 

 

Basic equations used during fuel cell operation are as follows: 

Conservation of mass equation:  

 ∇. (𝜌�⃗� ) = 𝑆𝑚                                                                                                                           (1)                                                            

The source terms are;  

𝑆𝑚 = 𝑆𝐻2
+ 𝑆𝑤𝑣𝑝

+ 𝑆𝑤𝑙𝑝 + 𝑆𝑎𝑤𝑣𝑒
                                                                                            (2)                                                                         

𝑆𝑚 = 𝑆𝑂2
+ 𝑆𝑤𝑣𝑝

+ 𝑆𝑤𝑙𝑝 + 𝑆𝑐𝑤𝑣𝑒
                                                                                            (3)                                                        

𝑆𝐻2
= −

𝑀𝐻2𝐴𝑐𝑣𝐼

2𝐹
                                                                                                                       (4)                                                                                                         

 𝑆𝑂2
= −

𝑀𝑂2𝐴𝑐𝑣𝐼

4𝐹
                                                                                                                       (5)                                                     

Momentum transport equation: 

∇. (𝜌�⃗� �⃗� ) = −∇𝑃 + ∇. (𝜇∇�⃗� ) + 𝑆𝑝,𝑖                                                                                         (6)      

Here 𝛽 is the permeability. 𝑆𝑝,𝑖 is the sink source term for porous media in x, y and z-directions; 

 𝑆𝑝,𝑖 = −(∑
1

𝛽𝑗

3
𝑗=1 𝜇𝑢𝑗)                                                                                                            (7)                                                                                                                             
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Species transport equation: 

∇. (𝜌𝑚𝑛�⃗� ) = ∇. (𝐽𝑛) + 𝑆𝑠                                                                                                        (8)                                                                  

Here n denotes for 𝐻2, 𝑂2 water vapor and liquid water. The source terms are the same as those of 

the conservation of mass equation. The diffusion mass flux (J) of species n in n-direction is:  

 𝐽𝜉,𝑛 = −𝜌𝐷𝜀,𝑛
𝜕𝑚𝐾,𝑛

𝜕𝜉
                                                                                                                 (9)                                                                 

Energy equation: 

∇. (𝜌�⃗� ℎ) = ∇. (𝑘∇𝑇) + 𝑆ℎ                                                                                                      (10)                                  

The source term 𝑆ℎ can be obtained by energy losses and heat source by phase change. The heat 

source from the electrochemical reaction: 

𝑆ℎ𝑒 = ℎ𝑟𝑥𝑛 [
𝐼𝐴𝑐𝑣

2𝐹
] − 𝐼𝑉𝑐𝑒𝑙𝑙𝐴𝑐𝑣                                                                                                 (11)                                        

The local current density of the cell is calculated from the open circuit voltage (𝑉𝑜𝑐) and the losses; 

𝐼 =
𝜎𝑚

𝑡
{𝑉𝑜𝑐 − 𝑉𝑐𝑒𝑙𝑙 − 𝜂}                                                                                                         (12)   

Where t is the membrane thickness and 𝜎𝑚 is the membrane conductivity and defined as; 

 𝜎𝑚 = (0.514
𝑀𝑚,𝑑𝑟𝑦

𝜌𝑚,𝑑𝑟𝑦
𝐶𝑤𝑎 − 0.326) . 𝑒𝑥𝑝 (1268 (

1

𝑇0
−

1

𝑇
))                                                  (13)   
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Figure 1. Mesh structure of full scale single PEM fuel cell model 

 

Boundary conditions are set as follows: constant mass flow rate at the channel inlet (mass flow 

inlet type) and constant pressure condition at the channel outlet (pressure outlet type). The 

membrane-GDL interface was defined as a wall. The anode voltage was grounded (V = 0) and the 

cathode voltage was adjusted 0.9 V, 0.8 V, 0.7 V, 0.6 V, 0.5 V, 0.4 V respectively less than the 

open-circuit potential (0.95 V). The current density values which correspond to each voltage value 

in the simulation results were noted.   

Both anode and cathode terminals were assigned wall boundaries. Hydrogen and oxygen velocities 

are evaluated from the chemical stoichiometric ratio, operational pressure and temperature by the 

following equations:  

 

 

𝑢𝑎,𝑖𝑛 = 𝜁𝑎
𝐼𝑟𝑒𝑓

𝑛𝑒 . 𝐹
. 𝐴𝑀𝐸𝐴.

1

𝑋𝐻2,𝑖𝑛
.
𝑅. 𝑇𝑖𝑛,𝑐𝑒𝑙𝑙

𝑃𝑎,𝑖𝑛
.

1

𝐴𝑐ℎ
                                                                                 (14) 

𝑢𝑐,𝑖𝑛 = 𝜁𝑐
𝐼𝑟𝑒𝑓

𝑛𝑒 . 𝐹
. 𝐴𝑀𝐸𝐴.

1

𝑋𝑂2,𝑖𝑛
.
𝑅. 𝑇𝑖𝑛,𝑐𝑒𝑙𝑙

𝑃𝑐,𝑖𝑛
.

1

𝐴𝑐ℎ
                                                                                 (15) 

 

The procedure to model PEM fuel cell is (Fig.2); 
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Figure 2. Modeling procedure of PEM fuel cell. 

 

 

Table 1. Physical and electrochemical parameters of PEM fuel cell model. 

 

Anode Cathode 

Parameter Value Unit Parameter Value  Unit 

Reference current  density  10000   A/ m² Reference current  

density  

20  A/ m² 

Reference concentration  1 kmol/m3 Reference concentration  1 kmol/m3 

Reference diffusivity 3e-05 m2/s Reference diffusivity 3e-05 m2/s 

GDL viscose resistance 1e+12 1/ m2 GDL viscose resistance 1e+12 1/ m2 

GDL porosity 0.5 - GDL porosity 0.5 - 

Catalyst porosity 0.5 - Catalyst porosity 0.5 - 

Catalyst surface/volume 200000 1/m Catalyst surface/volume 200000 1/m 

Concentration exponent 0.5 - Concentration exponent 1 - 

Exchange coefficient 2  Exchange coefficient 2 - 

    

 Open circuit voltage 0.95 V 

Active layer  0.0049 m2 

Membrane equivalent weight 1100 kg/kmol 

 

 

 

Creating and defining the 
geometry of bipolar 
plate,GDL,CL and 

membrane of the single 
PEM fuel cell s with 

Gambit 2.4.6.

Creating an 
appropriate mesh 
for geometry with 

Gambit 2.4.6.

Importing the mesh 
file into ANSYS-

FLUENT 16.2

Assigning zone names 
and types that is 
required in the 

FLUENT PEM fuel 
cell add-on module

Defining fuel cell 
parameters, setting 
up of the case and 

then running 
calculations

Postprocessing the 
results
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Table 2. Numerical design and operation parameters of PEM fuel cell model. 

Channel type Single serpentine 

Number of channel 34 

Active layer  50 cm2 

Channel width 1 mm 

Channel depth 1 mm 

Cell temperature 333 K 

Relative humidity of H2  100 % 

Relative humidity of O2  100 % 

Mass flow rate of H2  5,53x10-4 kg/s  

Mass flow rate of O2  9,70x10-3 kg/s 

Cell pressure 100 kPa 

 

 

2.2. Experimental 

 

Membrane electrode unit for fuel cell was prepared in TUBITAK MAM laboratories. Vulcan 

(20%) Pt catalyst was used as catalyst, SIGRACET 29BC coded commercial carbon paper was 

used as gas diffusion layer and Nafion XL was used as membrane. The anode and cathode sides 

of the membrane were coated with the same catalyst. The catalyst load of the MEUs is constant 

and is 0.6 mg/cm2. 

 

Figure 3. Single test PEM fuel cell  
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Single PEM fuel cell (Figure 3) was assembled in the TUBITAK MAM Fuel Cell Group 

Laboratories and the existing test setup was used. The device can measure up to about 2 kW in the 

form of a single cell or stack. In the test system, hydrogen, oxygen and air can be used as the 

reactant gas, and these gases can be sent to the cell in humid conditions by passing through the 

humidifier, which can be temperature controlled. On the main screen anode and cathode humidity, 

anode and cathode line temperature and cell temperature control panel, at the same time the input 

gas flow rate panel, electronic load and test data collection system that collects the current system 

is collected in. General properties and experimental operation conditions of single test cell are 

given at Table 3 and Table 4 respectively.  

 

Table 3. General properties of single test cell  

 

Table 4. Experimental operation conditions of single test cell 

Humidification temperature 60°C 

Cell temperature 50, 55, 60°C 

Flow rate of O2  0.277, 0.370, 0.463 dm3/min. 

Flow rate of H2  0.358, 0.430, 0.537 dm3/min. 

Operation pressure 100 kPa 

 

3. Results and Discussion 

 

Before performance tests, the humidification temperature of H2 and O2 gases at constant 60°C, cell 

temperature at 50°C, 55°C and 60°C, O2 flow rates 0.277 dm3/min., 0.370 dm3/min., 0.463 

dm3/min. and flow rates were determined as 0.358 dm3/min., 0.430 dm3/min., 0.537 dm3/min. 

(Table 4). Flow rate calculations are made according to the active area of the cell. Open circuit 

voltage was measured before each test. The average value of 1.054 V was noted. 

Flow channel Single serpentine 

Bipolar plate material Polymer composite graphite 

Geometry of bipolar plate  100mmx100mmx4mm 

Number of flow channels  34 

Active area  70x70 mm2 

Channel width 1 mm 

Current collector plate material Copper 

End plate material Aluminum 7000 
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In order to examine the effect of cell temperature on performance, the flow rate values are kept 

constant and the effect of the cell temperature on the current density obtained at 0.6 V is shown in 

Figure 4. According to the results obtained from single cell tests, the increase in temperature 

increased the current density value. 

 

Figure 4. Cell temperature-dependent current density change at 0.6 V and 430-370 dm3/min. H2-O2 flow 

rate  

 

60°C constant cell temperature and 370 dm3/min. O2 flow rate, the results obtained in the 

experiment for a single cell according to the flow rate of H2 is shown in Figure 5. Also 60°C 

constant cell temperature and 430 dm3/min. H2 flow rate, the results obtained in the experiment 

for a single cell according to the flow rate of O2 is shown in Figure 5. While the increase in H2 

flow rate causes an increase in the cell performance due to the current density value, the increase 

in the O2 flow rate caused a decrease in the current density as shown in Figure 5. The reason for 

this is that the high O2 flow rate rapidly removes the water formed on the cathode side, but could 

not contain enough water in the cell and caused drying in the membrane, causing a decrease in the 

current density value. 
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Figure 5. Current density-dependent flow rate change at 0.6 V and 60°C cell temperature 

Highest performance in single fuel cell tests 60°C humidification (100% humidity), 60°C cell 

temperature and 430 dm3/min (9.70x10-3 kg/s) H2 flow rate, 370 dm3/min (5.53x10-4 kg/s) O2 flow 

rate was obtained under operating conditions (Table 2). These flow values were used as input 

conditions in analyzes. After entering the given conditions in the Ansys-Fluent PEMFC module 

and after 500 iterations with the specified convergence criterion value, the change in the cell 

temperature of the PEM fuel cell with a serpentine channel value of 0.6 V is shown in Figure 6. 

 

 

Figure 6. Change in cell temperature of 0.6 V in the y-z plane 
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It is shown in Figure 6 that the temperature changes mostly in gas diffusion layer, catalyst layer 

and membrane as a result of chemical reactions of 0.6 V. Figure 7 shows the change in O2 

concentration along the channel from the cathode inlet. It is expected that sending O2 will show a 

decreasing slope even though it is still present at the output. 

 

 

Figure 7. Change in O2 molar concentration of 0.6 V in the y-z plane 

 

Figure 8. Change in H2 molar concentration of 0.6 V in the y-z plane 

 

The fact that the H2 concentration in Figure 8 does not produce a significant decrease from the 

inlet to the outlet is due to the fact that the flow rate is higher than necessary for chemical reactions. 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

Figure 9 shows a change in H2O molar concentration of 0.6 V. The increasing concentration 

towards the O2 output is due to the accumulation of excess water formed in the channels on the 

cathode side and the transition of the 100% humidity H2 on the anode with electroosmotic force. 

 

 

Figure 9. Change in H2O molar concentration of 0.6 V in the y-z plane 

 

 

 

 

4. Conclusions 

 

         An experimental study and a 3-D computational fluid dynamics model of a PEM fuel cell 

with single serpentine flow channels was developed to investigate membrane temperature, molar 

concentration of reactant gases. The structured grid scheme was employed which was built with a 

pre-processing software, GAMBIT 2.4.6. Then, the grid was imported into finite volume based 

commercial software, ANSYS-FLUENT 16.2. The PEMFC Module is an add-on module based 

on FLUENT CFD package for computations. These 3-D model has 70x70 mm2 active layer used 

to investigate the performance of fuel cell by determining the current density, oxygen, hydrogen 

and water molar concentration distributions took into account the mass, momentum, energy, 

species, charge conservation equation as well as combines electrochemistry reaction inside the fuel 
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cell. Arter experiments the highest performance in single fuel cell tests 60°C humidification (100% 

humidity), 60°C cell temperature and 430 dm3/min (9.70x10-3 kg/s) H2 flow rate, 370 dm3/min 

(5.53x10-4 kg/s) O2 flow rate was obtained under operating conditions. In the numerical study, 

verification was performed under these highest operating conditions obtained from the 

experiments. It was shown in the figures that the change of molar concentrations of reactants gases 

and cell temperature as counter plots. 
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Abstract 

 

In this study, the effects of operating parameters on power and current density of a 3-cell PEMFC 

stack with serpentine flow channels having 150 cm2 total active layer have been examined 

experimentally. Hydrogen flow rate, oxygen flow rate and cell temperature were the main 

parameters to have been respectively 1.07-1.29-1.6 L/min., 0.825-1.1-1.4 L/min. and  50°C, 55°C 

ve 60°C. Open circuit voltage was measured before each test. The average value of 2.826 V was 

noted. Up to approximately 2 V cell voltage, 1.07-1.1 L/min H2-O2 flow rate is the best 

performance, at high current densities at these flow values performance is lower than 1.29-1.1 

L/min. While the maximum current density up to 1.5 V was obtained at a temperature of 60°C, as 

the result of increased reactions with increasing temperature at high current values after 1.5 V, 

excess water cannot be removed from the channels, thus reducing the fuel cell stack performance. 

 

Keywords: PEM fuel cell, Operating conditions, Stack effect 
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1. Introduction 

 

The PEMFC research based on performance plays an important role in fuel cell system 

design. It has been shown that PEM fuel cells operating parameters affect the performance at the 

studies performed so far. Water management is also important key component to improve the 

performance of PEM fuel cell and avoid of flooding in channels and GDL leading to gas blockage. 

Therefore, there are many studies on water management has an effective impact on performance. 

Lee et al. (2009) used a transparent windows for visualizing two-phase flow and flooding in 

the channels under various current density conditions at a single serpentine PEM fuel cell. Their 

results showed that anode flooding is more severe than cathode flooding because of the back 

diffusion and the absence of carrier gas in the channels with a low gas flow rate. Rajan et al. (2018) 

optimized the output power and hydrogen flow rate under uncertainties conditions of stack current, 

stack temperature, inlet air humidity. Their result are that the optimal mean output power under 

uncertainty is 1329.56 W. Hussaini et al. (2009) studied two phase flow mechanisms in micro 

channels at a PEM fuel cell to understand how water management is important because of flooding. 

Their results showed that cathode GDL and channel flooding is more susceptible under low current 

densities and low stoichiometry. Qiu et al. (2018) offered an efficient design method of flow 

channels of metallic bipolar plates (BPPs) to improve manufacturing technique of BPPs and 

maximize power density in proton exchange membrane (PEM) fuel cells. Their results showed 

that the output current density was 1181.5mAcm−2 at a cell voltage of 0.6V. Wahdame et al. (2009) 

examined the pressure and gas flow variables using the experimental design in a 20-cell and 500 

W PEM fuel cell stack. Similarly, Kanani et al. (2015) developed a model of PEM that optimizes 

anode and cathode stoichiometry ratios, relative humidity values and inlet gas temperatures among 

operating parameters to achieve maximum fuel cell performance. 

In this study a 3-cell PEM fuel cell stack was used to obtain the optimum operating 

parameters as flow rates of reactant gases and cell temperature. In experiments cell temperature 

and flow values were changed while keeping the humidity temperature constant. The results of 

these combination of parameters were compared and obtained the optimum cell temperature and 

flow rates of reactant gases. 

 

2. Material and Method 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

 

It has been shown in previous studies that operating parameters affect performance in PEM 

fuel cells (Hakenjos et al., 2004; Pei et al., 2013; Jian et al., 2014; Khazaee et al., 2016; Salva et 

al.,2016, Liu et al., 2018). The effects of these parameters are examined by varying the pressure, 

temperature, gas flow and humidification in fuel cell test stations, whether in the form of a single 

cell or fuel cells stack. Cell temperature control is provided with the help of heating pads placed 

on the anode and cathode end plate (hardware), and the desired humidity values are reached by 

changing the temperature of the water by passing the inlet gases through the tanks filled with water. 

Membrane electrode unit for fuel cell was prepared in TUBITAK MAM laboratories. Vulcan 

(20%) Pt catalyst was used as catalyst, SIGRACET 29BC coded commercial carbon paper was 

used as gas diffusion layer and Nafion XL was used as membrane. The anode and cathode sides 

of the membrane were coated with the same catalyst. The catalyst load of the MEUs is constant 

and is 0.6 mg/cm2. 

For performance tests, a 3-cell stack (Figure 1) was assembled in the TUBITAK MAM Fuel 

Cell Group Laboratories and the existing test setup was used. The device can measure up to about 

2 kW in the form of a single cell or stack. In the test system, hydrogen, oxygen and air can be used 

as the reactant gas, and these gases can be sent to the cell in humid conditions by passing through 

the humidifier, which can be temperature controlled. On the main screen anode and cathode 

humidity, anode and cathode line temperature and cell temperature control panel, at the same time 

the input gas flow rate panel, electronic load and test data collection system that collects the current 

system is collected in. 
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Figure 1. Experimental 3-cell PEMFC stack. 

 

Before performing the performance tests, the humidification temperature of H2 and O2 gases 

determined as constant at 60°C ,cell temperature is 50°C, 55°C and 60°C, O2 flow rates are 0.825 

dm3/min, 1.1 dm3/min, 1.4 dm3/min and H2 flow rates 1.07 dm3/min, 1.29 dm3/min, 1.6 dm3/min 

were selected. Open circuit voltage was measured before each test. The average value of 2.826 V 

was noted (Table 1). 

 

Table 1. Experimental operation conditions of 3-cell PEM stack 

Parameter Value 

Humidification temperature 60°C 

Cell temperature 50, 55, 60°C 

Flow rate of O2  0.825, 1.1, 1.4 dm3/min. 

Flow rate of H2  1.07, 1.29, 1.6 dm3/min. 

Operation pressure 1 bar 

 

 

3. Results and Discussion 

 

Hardware 

Cooling channels 

Cell 1 

Cell 2 

Cell 3 
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In the potential-current (V-I) graph, the region between 0.4-0.7 V shows ohmic losses. 

Ohmic (resistance) losses occur due to resistance to ion flow (movement) in the membrane and 

electron movement through electrically conductive fuel cell components, and this loss is generally 

known to be caused by the inhibition of the passage of H + ions through the membrane. It mostly 

depends on the moisture content of the polymer membrane. The membrane is neither desirable to 

be too moist nor dry. Performance increases with increasing cell operating temperature and fuel 

cell performance deteriorates with decreasing temperature. The main reason for this situation is 

that the current densities of electrochemical reactions increase with the increase of the temperature 

of the catalyst layers in the anode and cathode parts of the cell and also increase the gas diffusion 

(Barbir, 2005). 

The reason for examining the fuel cell as a 3-cell stack instead of a single cell; the fact that 

the reactant gases in the channels blocked by flooding will not be able to pass to other cells and 

this causes serious decreases in the performance at high capacity systems. (For example, a 1 kW 

power generation system in the form of 25 cell-stack).  

When calculating the power density, the current density obtained at that temperature is 

multiplied by the corresponding voltage value and the power curves giving information about the 

cell performance are drawn. 

 

𝑊 = VxI                                                                                                                                   (1) 

 

V=voltage (cell potential), I=current density (mA/cm2), W=power density (mW/cm2). 
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Figure 2. The effect of H2-O2 flow rates on current density at humidification-stack temperature of 60-

60°C  

 

In Figure 2 and Figure 3, the effect of variable H2-O2 flow rates on current density at 

humidification-stack temperature of 60-60°C on cell performance. Up to approximately 2 V cell 

potential, 1.07-1.1 dm3/min H2/O2 flow rates are the best, while high current performance is lower 

than 1.29-1.1 dm3/min. In other words, the increase in the cathode side O2 flow rate decreased the 

performance while the increase in H2 flow rate on the anode side was more effective at high current 

values and increased the performance. 

In addition, the fluctuations in the V-I curve at high current values in the 3-cell stack are due 

to unsuitable water management at the given flow rate values and reduced performance by flooding 

the flow channels. 
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Figure 3. The effect of H2-O2 flow rates on power density at humidification-stack temperature of 60-60°C  

 

In Figure 4, the effect of the cell temperature on the current density is given at the H2-O2 

flow rate of 1.29-1.1 dm3/min in the stack and at the humidification temperature of 60°C. The 

maximum current density up to 1.5 V was obtained at a temperature of 60°C. In Figure 5, the effect 

of the cell temperature on the power density is also given at the H2-O2 flow rate of 1.29-1.1 

dm3/min and humidification temperature of 60°C. Under the same operating conditions, it is seen 

that the performance increases with the increase of temperature. This means that the water 

produced as a result of increased reactions with increasing temperature at higher flow values can 

be removed more easily and thus higher performance is achieved. But after 1.5 V value, when the 

stack temperature reached a temperature of 60°C, performance degradation was observed. The 

reason is thought to be the inability to remove water. 
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Figure 4. The effect of stack temperature on current density at 1.29-1.1 dm3/min. H2-O2 flow rate and 

60°C humidification temperature 
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Figure 5. The effect of stack temperature on power density at 1.29-1.1 dm3/min. H2-O2 flow rate and 

60°C humidification temperature. 

 

 

4. Conclusions 

 

In this study a 3-cell PEM fuel cell stack was used to obtain the optimum operating 

parameters as flow rates of reactant gases and cell temperature. In experiments cell temperature 

and flow values were changed while keeping the humidity temperature of 60°C constant. The 

results of these combination of parameters (0.825 dm3/min, 1.1 dm3/min, 1.4 dm3/min and H2 flow 

rates 1.07 dm3/min, 1.29 dm3/min, 1.6 dm3/min)  were compared and obtained the optimum cell 

temperature and flow rates of reactant gases. While the power density values at 60°C cell 

temperature and 1.29-1.1 dm3/min. H2-O2 flow rate were the highest up to 1.5 V, the performance 

at this temperature decreased after 1.5 V and the highest power density values were reached at 50 

° C cell temperature. While examining the effect of flow rates on performance, the cell temperature 

was kept constant at 60°C, and experiments were conducted in 6 different combinations of flow 

variables. As a result while the increase of cathode side O2 flow decreased the performance, the 

increase of H2 flow rate on the anode side was more effective at high current values and increased 

the performance. And up to 2 V value, maximum power and current density was reached at 1.29-

1.1 dm3/min. 
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Abstract 

 

Green buildings are energy efficient, resource efficient and environmentally responsible. Their 

design, construction and operational practices that consider sustainability will minimize their 

negative impact on the environment and people, while taking into consideration the financial 

impacts. To become a sustainable energy leader among emerging economies, Turkey would have 

to implement a progressive and coherent sustainable energy policy. Although solid energy policy 

architecture is in place, sustainable energy targets are weak, government support is limited, and 

bureaucratic hurdles for energy investment still frustrate potential investors. Most importantly, 

many top policymakers do not seem to be ready to play a productive role in designing a forward-

looking, sustainable energy policy for Turkey. Construction sector has a great potential to reduce 

total energy consumption through sustainable projects. All over the world policy makers have 

already realized the potential and begun setting some governmental goals. As an energy dependent 

country, Turkey has also set some energy oriented policies in which sustainability issues in Turkish 

built environment are also gaining attention. This paper discusses the green building concept for 

sustainable energy development. 

 

Keywords: Green building concept, Sustainable energy development, Building environment 
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1. Introduction 

Climate change and its disastrous consequences are stimulating the transformation towards a 

sustainable development, with its increasing economic efficiency, protection and restoration of 

ecological systems and improvement of human well-being [1]. The maintenance of natural 

resources is a subject that often appears when sustainable development is considered. In addition, 

with increasing world population and economic development, the strain on resources is increasing. 

As economic development and environment are linked, the realization has set in to conserve energy 

and natural resources. The increased use of resources that cause pollution and emissions, highlight 

the need to save and conserve energy for sustainable development. In engineering, sustainable 

building design is a design ideology, which harbors the notion of sustainable human development 

[2]. Sustainable development can be defined in various ways. Every individual will approach the 

issue of sustainability in a different manner depending upon various factors, such as, sustainability 

goals, background, awareness, and economic conditions [3]. 

Sustainability is providing opportunity of development to the future generation, in terms of 

resources [4]. One of the key aspects in sustainability is sustainable construction. Sustainable 

construction practices are such that they are based on ecological principles, with no environmental 

impacts, have a closed material loop, and have full integration into the landscape after the service 

life of the structure is over [5]. The concept of green buildings is the measure of our efforts in 

attaining that idealistic sustainable construction practices. Green Building is the “practice of 

creating structures and using processes that are environmentally responsible and resource-efficient 

throughout a building life-cycle from siting to design, construction, operation, maintenance, 
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renovation, and deconstruction”. This definition has evolved over the years. “Green Buildings” is 

an ever evolving, dynamic term. Green Building is the status of our efforts in attaining 

sustainability in construction practices [6, 7]. 

In order to be able to move towards our objective of sustainability, we should have a clear 

definition of what is called as a green and sustainable building, as it is defined by the US. 

Environmental Protection Agency (EPA) [5], “Green building is the practice of creating structures 

and using processes that are environmentally responsible and resource-efficient throughout a 

building's life-cycle from siting to design, construction, operation, maintenance, renovation and 

deconstruction. This practice expands and complements the classical building design concerns of 

economy, utility, durability, and comfort. Green building is also known as a sustainable building 

[7]. 

2. Overview of green building 

Green and sustainable building refers to a structure and using process that is environmentally 

responsible and resource-efficient throughout a building's life-cycle: from siting to design, 

construction, operation, maintenance, renovation, and demolition. This practice expands and 

complements the classical building design concerns of economy, utility, durability, and comfort 

[1-7]. Figures 1-6 are show the green building concept. 

Although new technologies are constantly being developed to complement current 

practices in creating greener structures, the common objective is that green buildings are designed 

to reduce the overall impact of the built environment on human health and the natural environment 

by [4]: 
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 Efficiently using energy, water, and other resources, 

 Protecting occupant health and improving employee productivity, 

 Reducing waste, pollution and environmental degradation. 

 

Figure 1. Green building concept 

 

Figure 2. detailed plan for green building concept. 

https://upload.wikimedia.org/wikipedia/commons/7/7f/Blu_Homes_mkSolaire_front2.jpg
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Figure 3. Vertical forests in Milan, Italy – banking on ¨eco¨ as the new fashion 

Source: Modern Treehouses: A vertical Forest. 28 February 2018. 

http://www.spiegel.de/international/europe/ 

 

Figure 4. Most Sustainable Office Building, Bussumse Watertoren, The Netherlands 

Source: http://www.greendiary.com/sustainable-office-buildings-world.html 
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Figure 5.Solar House in Denmark Source: http://www.greendiary.com/ 

 

 

Figure 6.Passive House in Germany. Source: http://www.cepheus.de/ 

Green building brings together a vast array of practices and techniques to reduce and ultimately 

eliminate the impacts of new buildings on the environment and human health. It often emphasizes 

taking advantage of renewable resources, e.g., using sunlight through passive solar, active solar, 
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and photovoltaic techniques and using plants and trees through green roofs, rain gardens, and for 

reduction of rainwater run-off. Many other techniques, such as using packed gravel or permeable 

concrete instead of conventional concrete or asphalt to enhance replenishment of ground water, 

are used as well [1-7]. 

Green buildings often include measures to reduce energy use. To increase the efficiency of 

the building envelope, they may use high-efficiency windows and insulation in walls, ceilings, and 

floors [1-3]. Another strategy, passive solar building design, is often implemented in low-energy 

homes. Designers orient windows and walls and place awnings, porches, and trees to shade 

windows and roofs during the summer while maximizing solar gain in the winter. In addition, 

effective window placement (daylighting) can provide more natural light and lessen the need for 

electric lighting during the day. Solar water heating further reduces energy loads. Reducing water 

consumption and protecting water quality are key objectives in sustainable building. One critical 

issue of water consumption is that in many areas, the demands on the supplying aquifer exceed its 

ability to replenish itself. To the maximum extent feasible, facilities should increase their 

dependence on water that is collected, used, purified, and reused on-site [4, 6, 7]. 

 Building materials typically considered to be 'green' include (Expanded polystyrene) 

rapidly renewable plant materials like bamboo (because bamboo grows quickly) and straw, lumber 

from forests certified to be sustainably managed, insulated concrete forms, dimension stone, 

recycled stone, recycled metal, and other products that are non-toxic, reusable, renewable, and/or 

recyclable. The US Environmental Protection Agency (USEPA) also suggests using recycled 

industrial goods, such as coal combustion products, foundry sand, and demolition debris in 

construction projects [5].  
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4. Conclusions 

It was concluded that the sustainability can minimize the harmful impact of the conventional 

buildings on environment, economy and people in using green materials, technologies. 

“Sustainable” or “green” buildings use key resources like energy, water, and materials more 

efficiently than conventional (non-sustainable) buildings. Furthermore, sustainable buildings 

increase natural light, incorporate high-performance systems, rainwater system, and improve air 

flow for occupants. Accordingly, if sustainable principles can be used in building projects, then 

numerous benefits of green buildings may be achieved, as follows: 

 Environmental benefits: Enhance and protect biodiversity and ecosystems; Improve air and 

water quality; Reduce waste streams, and; Conserve and restore natural resources. 

 Economic benefits: Reduce operating costs; Improve occupant productivity, and; Optimize 

life-cycle economic performance. 

 Social benefits: Enhance occupant health and comfort; Improve indoor air quality; 

Minimize strain on local utility infrastructure, and; Improve overall quality of life. 
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Abstract 

 

The AISI D3 steel was boronized with commercial Ekabor II powder at 850 and 950 0C for 2 and 

6 hours and the wear resistance of the boride layers formed was investigated. Also, SEM, EDX, 

X-ray diffraction, micro hardness and microstructure properties of boride layers were investigated. 

As a result of X-ray diffractometric analysis, FeB, Fe2B, CrB and Cr2B phases formed on the 

surface of steel. Wear tests; at room temperature, in unlubricated environments, under 5 and 10N 

load, at a sliding speed of 0.4m/s at a distance of 1000 meters. As a result of abrasion tests, it was 

determined that the wear rates of boronized and unborinated AISI D3 steel ranged between 3.86-

61.32 mm3 / Nm. 

 

Keywords: AISI 420, Boride layer, Micro-hardness, Corrosion 
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1. Introduction 

Boronizing refers to a surface diffusion treatment by which a boride coating is formed on 

the component surfaces. By this treatment, a multi-phase layer consisting of iron and metallic 

borides can be obtained in the case of ferrous alloys.  In boriding process, boron atoms diffuse into 

the surface of the workpiece to produce hard boride layers without requiring high technology. As 

a consequence, the formation of boride layers improves the surface properties such as: a high 

hardness, resistance against wear and corrosion in some acids or alkali media. It exists many 

boriding methods to produce the boride layers. Particularly, the pack-boriding is one of the more 

common boriding methods due to its simplicity and cost effectiveness [1-3]. The boride layer may 

be either a single phase layer (Fe2B) or a double phase layer (FeB and Fe2B) depending on the 

boriding conditions. The presence of the FeB phase in the layers leads to their brittleness and high 

stress intensity at the (FeB/Fe2B) interface, due to the significant differences between the 

expansion coefficients of both iron borides [4,5]. Thermal diffusion treatments of boron 

compounds used to form iron borides typically require process temperatures of 973 and 1323 K 

for 1to 12 hours. The process can be carried out in solid powder (boronizing compound), liquid, 

gaseous, electrochemical or plasma medium Boriding of high carbon steels with high alloy content 

has been somewhat difficult in the past [6-11].   

The powder mixture used in the literature is 5% by weight. B4C, which acts as a borate 

donor, is 5% by weight. KBF4 acting as activator and 90% by weight SiC that acts as a diluent. 

However, in this study, activator ratio was 10% by weight of KBF4. In the literature, no studies 

have been conducted on the diffusion kinetics of boron AISI D3 steel In this work, the AISI D3 

steel was powder-borided in the temperature range of 1123-1223K. Characterization and growth 

diffusion of the obtained boride layer were calculated. The main objective of this study was to 

investigate the diffusion kinetics and the effect of process parameters, such as temperature, time 

and chemical composition, on the boride layers formed on the AISI D3 steel after powder pack 

boriding at different processing temperatures and times. 

 

2. Experimental Procedures 

 

2.1. Material Characterization 

 

The AISI D3 steel contained 1.95 wt.% C, 11.20 wt.% Cr, 0.40 wt.% Mn and 0.3 wt.% Si. 

The test specimens were cut into Ø20x10mm dimensions, ground up to 1200G and polished using 

1 µm alumina solution. The container was filled with the powder mixture that consisted of the 

boriding source (5% B4C), the activator (10% KBF4) and the diluent (85% SiC). The boriding heat 

treatment was carried out in an electrical resistance furnace operated at temperatures of 1123, 1173 

and 1223 K for 2, 4 and 6 h under atmospheric pressure. The microstructures of polished and 

etched cross-sections of the specimens were observed under a Nikon MA200 optical microscope. 

The contour diagram drawn according to boriding temperature and time, were plotted using the 

Sigma plot 12.0 program. The presence of borides formed in the coating layer was confirmed by 

means of X-ray diffraction equipment (Rigaku Geigerflex) using Cu Kα. The hardness of borided 

samples was measured with a Vickers indenter under 50 g load using a digital microhardness 

device. 
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3. Results and Discussion 

 

The cross-sections of optical micrographs of the borided AISI D3 steel at temperatures of 

1123 and 1223 K for 2h and 6 h are shown in Figures 1a-d. As can be seen the borides formed on 

the AISI D3 substrate have a saw tooth morphology. It was found that the coating/matrix interface 

and matrix could be significantly distinguished and the boride layer had a columnar structure. 

Depending on the chemical composition of substrates, boriding time and temperature the boride 

layer thickness on the surface of the AISI D3 steel ranged from 12.85 μm to 82.74 μm. The 

morphology of the saw tooth varies depending on the alloying elements in the steel. The boride 

layer is flattened with the increase of alloy elements. It is known that boride layer thickness 

increases with increasing boron temperature and time [3-7].  

 

     
 

Fig. 1. The cross-section of borided AISI D3 steel a) 1123K-2h, b) 1123K-6h, c) 1223K-2h, 

              d) 1223K-6h. 

 

Figure 2 gives the XRD patterns recorded at the surface of boride AISI D3 steel at the two 

temperatures 1123 and 1223 K for 2 and 6 h, respectively. XRD patterns indicated that the boride 

layers were composed of Iron and Chrome borides. The XRD results showed that the boride layers, 

formed on the AISI D3 steel, contained the FeB, Fe2B, CrB and Cr2B phases. With the increase in 

boron temperature and time, the FeB and CrB phases became more dominant. The boride layers 

mainly consist of intermetallic phases are resulting from the diffusion of boron atoms into the AISI 

D3 steel substrate for the given boriding parameters. 
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Fig. 2. X-ray diffraction patterns of borided AISI D3 steel 

 

3.1. Kinetics 

 

In this study, the effects of the processing temperature and boriding time on the growth 

kinetics of the boride layer were also investigated. Kinetic parameters such as processing 

temperature and time must be known for the control of the boriding treatment in Fig 3. 

 

 
       Fig. 3. The time dependence of squared boride layer thickness at increasing temperatures 

 

 

4. Conclusıon 

 

In this work, the AISI D3 steel was subjected to the powder boriding process in the 

temperature range of 1123-1273 K for a treatment time varying between 2 and 6 h. The boride 

layers were formed on AISI D3 steel and its growth kinetics obeyed the parabolic growth law with 

the existence of boride incubation time independent on the boriding temperature. Boride types 

formed on the surface of the AISI D3 steel has a saw tooth morphology. The multiphase boride 

coatings that were thermo chemically grown on the AISI D3 steel were constituted by the FeB, 

Fe2B, CrB and Cr2B phases. Depending on the boriding parameters, the boride layer thickness 

formed on the borided AISI D3 steel was ranged from 12.85 μm to 82.74 μm. 
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Abstract 

 

This study aimed to search the differences among the vigor of seeds produced from different heads 

on a safflower plant. The laboratory experiment was performed by using the seeds collected from 

primary, secondary and tertiary heads of cultivar Balcı. The seed vigor was tested by germination, 

emergence, electrical conductivity (EC), accelerated ageing (AA) at 43°C for 48h and cold tests at 

10°C for 10 days) at the seed science and technology laboratory of Field Crops Department in 

Eskisehir Osmangazi University. The seed weight was measured as 50.9 g in primary, 44.8 g in 

secondary and 37.1 g in tertiary heads while oil content was 20.5%, 23.3% and 23.1%, 

respectively. Germination percentage was the minimum value 89.0% with the seeds from tertiary 

heads while the maximum germination (94.0%) was observed in seeds of primary heads. The 

shortest mean germination time was obtained from seeds produced by primary and tertiary seeds. 

The EC test showed that higher electrical conductivity was measured in seeds of tertiary heads. 

AA and cold test did not give a significant separation for vigor among the seeds from different 

positions of heads. It was concluded that any valuable differences for seed vigor among head 

positions on a plant was detected while seed weight and oil content were clearly changed. 

 

Keywords: Carthamus tinctorius L., Germination, Head Position, Morphogenetic Variability 
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1. Introduction 

 

Safflower (Carthamus tinctorius L.) is one of the most important oilseed crop in Turkey, where 

has been suffered by drought and salinity problems. It has been widely adapted to arid and semi-

arid regions (Weiss, 2000). Its seeds have edible oil of 25-40% and it is a highly branched plant 

and gives a regular flowering order that begins on the main stem head and continues to the primary, 

secondary and tertiary heads (Baydar and Ulger, 1998). This flowering pattern can continue 

between 10 and 40 days depending on climatic and soil conditions, which results in different sized 

seeds and a variable seed quality in the plant (Weiss, 2000).  

A standard germination test demonstrates the viability of a seed lot under optimum conditions 

and can predict seed quality if the emergence conditions are favorable (Kolasinska et al., 2000). 

Seed vigor, an important component of seed quality, depends on genetic and environmental 

factors, such as maternal plant nutrition, seed maturity, reserve and seed moisture content 

(Ramamoorthy and Natarajan, 1997; Taylor, 2003). It is also affected by mechanical damage, 

drying, seed age, storage conditions and pathogens. The seed vigor tests increase the ability to 

predict seed quality and stand establishment, although various vigor tests can provide conflicting 

results for several crop species (Powell et al., 1997; Hampton et al., 2004). Although the seed lots 

of several crops are classified as high or low vigor by using different vigor tests, published detailed 

information on vigor tests used on safflower seeds is still lacking. The objective of the present 

study was to determine if any differences among seed quality produced in primary, secondary and 

tertiary heads in a safflower plant. 

 

2. Material and Method 

 

This study was performed at the Seed Science Laboratory in the Field Crops Department, 

Faculty of Agriculture, Eskişehir Osmangazi University, Turkey. Safflower cultivar Balcı was 

grown and collected seeds from primary, secondary and tertiary heads in 2018. All of the seeds 

were stored at 4 °C to maintain same moisture content until the start of the experiment. 

Four replicates of 50 seed samples from each head position to be evaluated for seed vigor were 

germinated in three rolled filter papers with 10 mL of distilled water. Each rolled paper was placed 

into a sealed plastic bag to prevent moisture loss. The seeds were germinated at 25 ± 1 °C in the 
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dark for 10 days. The seeds were considered as germinated when the emerging radicle was at least 

2 mm long. The germination percentage (GP) was recorded every 24 h for 10 days. The mean 

germination time (MGT) was assessed as the speed of germination (ISTA, 2003). Four replicates 

of 50 seeds from each head position. Seedling length (SL) and seedling fresh weight (SFW) were 

measured at 10th day after sowing.  

Accelerated aging (AA) test was performed with an aging temperature and time combination 

of 41 and 48h in plastic boxes (11 × 11 × 4 cm) with 40 mL of distilled water (Kaya et al., 2019). 

Two hundred seeds were sampled from the each head position. The seeds were placed on a 10 × 

10 × 3 cm wire mesh tray and placed into the box after they were uniformly distributed. After 

ageing, fifty seeds per replicate were allowed to germination test conditions for 10 days.  

Electrical conductivity (EC) test: The electrolyte leakage was measured with four replicates of 

50 weighed seeds from each head position. The seeds were immersed in 200 mL of deionized 

water at 20 ± 1 °C for 24 h (ISTA, 2003). The electrical conductivity of the soaked water was 

measured using a conductivity meter (Model WTW Cond 314i, Germany). The results were 

expressed in μS cm-1 g-1 to account for the variability in the seed weight among the seed lots. 

The experimental data were analyzed by using the MSTAT-C program (Michigan State 

University). The differences among the means were compared using the LSD values (P < 0.05) 

according to a completely randomized design. 

 

3. Results and Discussion 

 

Seed weight and oil content of seeds produced from different heads of safflower plants were 

illustrated in Figure 1. Seed weight progressively decreased from primary to tertiary heads while 

oil content enhanced. No significant difference in oil content was observed between secondary and 

tertiary heads. Yermanos and Francois (1963) reported a similar tendency which showed an 

increased seed weight and decreased oil content in primary heads of safflower. 
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Figure 1. Seed weight and oil content of seeds produced from different heads in plants. 

 

Standard germination percentage, time to germination, emergence and seedling growth of 

the seeds obtained from different heads of safflower are showed in Table 1. Germination 

percentage decreased from primary heads to tertiary but the difference between secondary and 

tertiary was not significant. Similarly, the highest emergence was obtained in primary heads 

without significant differences. However, secondary heads had longer mean germination time, 

seedling length and seedling fresh weight than the others.  

 

Table 1. Germination and seedling growth produced from different heads of safflower 

Head position 

Parameters 

Germination 

% 

MGT, day 

(25°C) 

Emergence 

% 
SL cm SFW g/plant 

Primary 94,0a* 1,33b 93,5 7,85 2,27 

Secondary 90,0b 1,53a 84,5 8,51 2,39 

Tertiary 89,0b 1,29b 88,5 7,04 2,10 

LSD%5 3,99 0,13 ns ns ns 
*: Means followed by the same latter are not significant P<0.05. 

 

Table 2. Seed vigor parameters produced from different heads of safflower 
Head position Parameters 

37.1 C
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50.9 A

23.1 A23.3 A
20.5 B

0

20

40

60

Primary Secondary Tertiary

Head position

Seed weight (g)

Oil content (%)



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

Accelerated 

ageing, % 

MGT after 

AA, day 
Cold test % 

Cold test 

MGT, day 
EC μS cm-1 g-1 

Primary 59,5 2,79 93,5 3,69 21,2ab* 

Secondary 56,8 2,01 92,0 3,70 18,6b 

Tertiary 70,8 2,68 93,5 3,55 22,5a 

LSD%5 ns ns ns ns 2,92 
*: Means followed by the same latter are not significant P<0.05. 

 

Seed vigor tests showed that there were no significant changes among head positions except 

for electrical conductivity test. Germination percentage and mean germination time after 

accelerated ageing test were recorded as 56,8-70,8% and 2,01-2,79 day. No significant change in 

germination percentage and mean germination time for cold test was determined. Electrical 

conductivity results of seeds produced by different heads were significant and the lowest value 

was observed in secondary head with 18,6 μS cm-1 g-1.   

In conclusion, seed vigor tests presented that no significant differences among the seeds 

obtained from different head positions of safflower were determined but seed weight and seed oil 

content were significantly different. Primary heads produced heavier seeds and lower oil content 

than those of secondary and tertiary heads. It was concluded that all the seeds should be used for 

plant production after sorting seed size, gravity and cleaning broken seeds and plant residuals.  
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Abstract 

 

This study was carried out to determine the effects of low temperatures on germination, emergence 

and seedling development of safflower cultivars. The laboratory experiment was performed at the 

seed science and technology laboratory of Field Crops Department in Eskisehir Osmangazi 

University. In this study, the germination percentage, mean germination time, seedling length and 

seedling fresh weight of 6 safflower cultivars (Balcı, Dinçer, Remzibey, Olas, Asol and Linas) and 

one safflower line (Ayaz) were investigated at various low temperature stresses (5, 10, 15, 20 and 

25°C). The results showed that Linas was the least affected cultivar by decreasing low 

temperatures in terms of germination percentage. The longest time to germination was observed 

in Dinçer with 8,88 day at 5°C, while the shortest value was calculated in Olas with 7,90 day. 

Increasing temperature resulted in an increase in the seedling length and seedling fresh weight. 

The highest seedling length was determined in Asol with 14,18 cm at 25°C. In terms of seedling 

fresh weight, Dinçer gave greater values at 25°C. It was concluded that Dinçer and Asol were the 

best safflower cultivars at low temperatures, while Olas and Linas gave better performance with 

respect to germination and mean germination time than the others did. 

 

Keywords: Carthamus tinctorius L., Low temperature, Germination. 
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1. Introduction 

 

Safflower (Carthamus tinctorius L.), a member of Asteraceae (Compositae) family, is an 

oilseed crop with oil contents of 25-40% in seeds. It has edible oil with rich in polyunsaturated 

fatty acids. It is well adapted to dry areas suffering from rainfall scarcity during vegetation periods 

met during summer months. Its adaptability to various growing conditions for obtaining higher 

seed yield should be investigated (Dajue and Mündel, 1996; Singh and Nimbkar, 2006) 

Early sowing is a good choice for growing rapidly and leads to earlier flowering before hot 

and dry summer (Coşge and Kaya, 2008). Determining an appropriate sowing time for good 

seedling establishment in a region depends on temperature and soil moisture (Iannucci et al., 2000; 

Torabi et al., 2013).  

Because soil temperature is very low for seed germination, emergence and seedling growth 

under early sowing conditions, safflower cultivars should be improved for adapting low 

temperature. In this study, the safflower cultivars registered in Turkey were tested under different 

temperatures. 

 

2. Material and Method 

 

This study was performed at the Seed Science Laboratory in the Field Crops Department, 

Faculty of Agriculture, Eskişehir Osmangazi University, Turkey. Seven safflower genotypes were 

evaluated to determine the performance for tolerance to low temperature during early seedling 

growth. Six safflower cultivars divided to old (Balcı, Dinçer and Remzibey), newly registered 

(Olas, Asol and Linas) and one inbred line (Ayaz) for low temperature conditions were tested.  

Four replicates of 50 seed samples from each cultivar were allowed to germinate in three rolled 

filter papers with 10 mL of distilled water. Each rolled paper was placed into a sealed plastic bag 

to prevent moisture loss. The seeds were exposed to different germination temperatures at 5, 10, 

15 and 20 ± 1 °C under dark conditions for 10 days. The control was performed at 25 ± 1 °C. The 

seeds were considered as germinated when the emerging radicle was at least 2 mm long. The 

germination percentage (GP) was recorded every 24 h for 10 days. The mean germination time 

(MGT) was assessed as the speed of germination (ISTA, 2003). Seedling length (SL) and seedling 

fresh weight (SFW) were measured at 10th day after sowing. The data were analyzed by using the 
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MSTAT-C program (Michigan State University). The differences among the means were 

compared using the LSD values (P <0.01) according to a completely randomized design. 

Table 1. Germination and seedling characteristics of 7 safflower genotypes subjected to different 

low temperatures 

Temp. °C Genotype 
Germination 

(%) 
MGT (day) 

Seedling length 

(cm) 

Seedling fresh 

weight (g/plant) 

 

 

 

5°C 

Balcı 37.0m 8.46b* - - 

Dinçer 29.0m 8.88a - - 

Remzibey 65.0k 8.42b - - 

Olas 98.0ab 7.90d - - 

Asol 91.0a-h 8.25bc - - 

Linas 99.0ab 7.98d. - - 

Ayaz 78.5j 8.07cd - - 

 

 

 

10°C 

Balcı 81.5ıj 4.14gh - - 

Dinçer 87.5d-ı 4.84f - - 

Remzibey 97.5ab 4.14gh - - 

Olas 95.5a-e 3.98hı - - 

Asol 95.5a-e 4.28g - - 

Linas 97.5ab 3.99hı - - 

Ayaz 85.0g-j 5.17e - - 

 

 

 

15°C 

Balcı 85.5f-j 3.87ı 7.34efg 0.805gh 

Dinçer 94.0a-f 2.85j 13.52a 1.026efg 

Remzibey 97.0ab 2.25k 9.48bcd 0.927fg 

Olas 96.0a-d 2.10kl 7.91def 1.041d-g 

Asol 92.5a-g 2.29k 6.61fg 0.868fg 

Linas 99.5a 2.20k 5.89g 0.996fg 

Ayaz 86.0f-j 2.86j 5.96g 0.613h 

 

 

 

20°C 

Balcı 82.5hıj 1.55o 8.27cde 0.927fg 

Dinçer 85.5f-j 1.61no 9.62bc 0.939fg 

Remzibey 96.5abc 1.24r 9.68bc 1.065c-f 

Olas 96.0a-d 1.18r 9.57bc 1.302abc 

Asol 91.0a-h 1.47opq 9.48bcd 1.055def 

Linas 97.5ab 1.26qr 7.53efg 1.236b-e 

Ayaz 87.0e-j 1.83mn 8.58b-e 0.892fg 

 

 

 

25°C 

Balcı 90.5b-h 1.26qr 8.20c-f 1.242b-e 

Dinçer 88.0c-ı 1.49op 13.53a 1.518a 

Remzibey 95.0a-e 1.23r 10.09b 1.277bcd 

Olas 97.5ab 1.10r 8.27cde 1.424ab 

Asol 93.0a-g 1.28pqr 14.18a  1.453ab 

Linas 98.5ab 1.10r 7.52efg 1.309ab 

Ayaz 86.0f-j 1.90lm 8.13c-f 1.007afg 

LSD P<0.01 8.63 0.227 1.65 0.24 

*: Means followed by the same letter are not significant at P <0.05. 

 

3. Results and Discussion 

Interaction of genotype × temperature was significant for germination and seedling traits in 

safflower (Table 1). As expected, lower temperature resulted in lower germination and seedling 

growth but longer time to germination.  
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At 5°C, Olas, Linas and Asol gave the highest germination percentage while Balcı and Dinçer 

had the lowest germination rate. Increased temperature improved the germination percentage and 

decreased mean germination time of safflower genotypes. At higher temperature than 10°C, all 

genotypes showed higher germination than 85%. Mean germination time is an indicator for 

germination speed and it was longer at lower temperature than higher temperatures. When 

temperature increased, time to germination was shortened. Olas, Linas and Asol germinated faster 

than the other safflower cultivar under low temperatures. Seedling growth was severely affected 

by decreasing temperatures and no seedling length could be measured at 5 and 10°C. Dinçer 

showed better performance at 15 and 20°C but seedling length of Asol reached up to the highest 

level at 25°C. Depending on seedling length, seed fresh weight of safflower cultivars fluctuated. 

Olas had the highest seedling fresh weight at 15 and 20°C while Dinçer showed the superiority at 

optimum condition.  

Genotypic differences under low temperature stresses were determined in safflower cultivars. 

New registered cultivars Asol, Linas and Olas exhibited better germination and seedling growth 

parameters under laboratory conditions, so they should be advised for early sowing after they 

would be tested at field conditions.   
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Abstract 

 

A laboratory experiment was performed to determine the reaction of three native newly registered 

safflower cultivars (Linas, Asol and Olas) to salinity (10 and 20 dS/m), chilling (10 and 15 °C) 

and drought (-2 and -4 bar) stresses during germination and initial seedling growth. Drought stress 

was constituted by polyethylene glycol (PEG 6000) and different salinity levels were induced by 

sodium chloride (NaCl). Distilled water was used as control treatment. The results showed that 

final germination percentage was not changed by these stresses but time to germination was clearly 

extended when stress levels increased. Seedling growth was inhibited by increasing drought and 

salinity stresses and lower temperature caused a significant inhibition in seedling height and 

seedling fresh weight. Contrarily, seedling dry weight was promoted by increasing stress levels. 

The safflower cultivars showed different responses to abiotic stresses. It was concluded that Olas 

showed better performance under drought and salinity, and Linas gave faster germination and 

greater seedling growth at low temperatures. 

 

Keywords: Carthamus tinctorius L., Drought, Salinity, Low temperature, Germination. 
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1. Introduction 

 

Safflower (Carthamus tinctorius L.), a member of the family Asteraceae, is an annual plant 

and resistant to hot and drought conditions (Dajue and Mundel, 1996). It has been used as a source 

of edible oil with 25-40% oil content in seeds under arid and semi arid regions because it can 

absorb water and nutrients in the different layers of soil with deep-rooting (Weiss, 2000). During 

the last few years, the cultivation of safflower in arid and semiarid regions of Turkey has been 

increased for its adaptation to low-moisture soils (Coşge et al., 2007; Bayramin and Kaya, 2009).  

Environmental stresses such as salinity, drought and low temperature are important problems 

for field crops grown in arid and semi-arid regions of the world, especially in our country. Salinity 

and drought stresses in semi-arid regions become the primary limiting environmental condition 

that discriminates the growth of plants from germination to harvest (Khajeh- Hossaini et al., 2003, 

Patade et al., 2011). The salt in the soil, prevents the water from entering the seed by the osmotic 

pressure which it creates to the seed or toxic effects caused by Na+ and Cl- ions, it can slow down 

or stop the germination of seeds (Khajeh-Hosseini et al., 2003). Drought is the most common and 

most important problems limiting crop production and leading to degradation of plant growth, 

yield and quality (Yang et al., 2004; Shi et al., 2009). It has been reported that water stress not 

only acts by decreasing the percentage and rate of germination and seedling growth (Delachiave 

and De Pinho, 2003; Turk et al., 2004) but also increases mean germination time in crop plants 

(Willenborg et al., 2004). Early sowing is the promising option for escaping drought and salt 

stresses but chilling will appear. Safflower seeds germinate at temperatures from 5 to 35°C, with 

the optimum being about 25°C (Gu and Xu, 1984). In many countries and especially in Turkey, 

temperature is a dominant factor because soil moisture may not enough due to early spring rainfall.  

This research aimed to determine germination responses of safflower cultivars for 

germination, mean germination time, seedling length, seedling fresh and dry weight under different 

levels of salinity, drought and chilling stress. 

 

2. Material and Method 

 

This study was carried out at the Department of Field Crops, Faculty of Agriculture, 

University of Eskişehir Osmangazi, Turkey. The safflower cultivars Linas, Asol and Olas were 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

used as material. NaCl concentrations at electrical conductivities of 10 and 20 dS/m were adjusted 

before the start of the experiment by using a WTW 3.14i conductivity meter. Drought stress was 

induced by polyethylene glycol (PEG 6000) with different osmotic potentials of -2 and -4 bars. 

Chilling treatments were made at 10 and 15°C. Distilled water served as a control.  

A four-replicated experiment was carried out using 200 seeds to evaluate the seed viability 

between three layers of filter papers irrigated with 21 mL of deionized water, treated with 1 g L-1 

Thiram fungicide. After the papers had been rolled, they were sealed in plastic bags to avoid water 

loss. The seeds were germinated for 10 days under respective temperature in the dark and counted 

as germinated when the radicle elongated to 2 mm long. The germinated seeds were recorded every 

24 h for 10 days to calculate the speed of germination (mean germination time, MGT) and the 

germination percentage (GP) was calculated according to ISTA (2003) rules. Seedling length, 

seedling fresh and dry weights were also measured at 10th day. Dry weights were measured after 

drying samples at 70°C for 48 h in an oven. The experiment was established using a completely 

randomize design with four replications. Analysis of variance was performed using standard 

techniques and differences between the means were compared through Duncan’s multiple range 

test (p<0.05) using the MSTAT-C program.  

 

3. Results and Discussion 

 

The results of salinity, drought and low temperatures stresses on seed germination and 

seedling early growth of safflower cultivars were shown in Table 1, 2 and 3, respectively. NaCl, 

PEG and low temperature stresses had significant effect on examined all features of safflower. 

Germination percentage is important criteria for high yield and special is the case under stress 

conditions because the seedlings with high emergence rate will have edge in competition for space, 

light and water resources (Khodarahmpour, 2011). Final germination percentage was over 90% in 

all stress treatments. All the cultivars showed similar germination percentage at concentrations of 

NaCl (Table 1). Seedling length and seedling fresh weight of safflower cultivars obtained from 

NaCl concentrations, the highest decreases were observed in Linas and Asol varieties (about 70%) 

while the least decreases were obtained from Olas (about 50%). The shortest mean germination 

time (2.00 day) was detected in Olas and showed better than the other two cultivars at conditions 

of NaCl. Experimental results argued that Olas tolerates salinity between 10 and 20 dS/m.  
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Table 1. Changes in seedling length (cm), seedling fresh and dry weights (g), germination 

percentage (%), mean germination time (day) and oil rate (%) of safflower cultivars under salinity 

stresses. 

Cultivars NaCl 
Seedling 

length 

Seedling fresh 

weight 

Seedling dry 

weight 
Germination  MGT Oil rate 

Linas 

Control 8.89b2 5.47a1 0.61bc 94.0 2.01bc12 29.87e5 

10 dS/m 6.08d3 3.47b23 0.60bc 95.0 2.03bc12 41.88cd4 

20 dS/m 2.95f5 2.78cd34 0.84a 92.5 2.43a1 51.79a12 

Asol 

Control 12.58a1 5.30a1 0.50c 95.0 1.97bc12 40.27d4 

10 dS/m 8.09c2 2.20e4 0.51c 90.5 2.09bc12 43.79cd34 

20 dS/m 4.04e4 2.44cde4 0.73ab 93.5 2.27ab12 44.40bc34 

Olas 

Control 6.65d3 4.00b2 0.53c 95.5 1.81c2 44.42bc34 

10 dS/m 4.23e4 2.25de4 0.54c 94.0 2.00bc12 53.93a1 

20 dS/m 3.78e45 2.87c34 0.83a 94.5 2.00bc12 47.76b23 

LSD5% 0.72 0.54 0.15 - 0.30 3.45 

LSD1% 0.97 0.72 - - 0.41 4.65 

 

Table 2. Changes in seedling length (cm), seedling fresh and dry weights (g), germination 

percentage (%), mean germination time (day) and oil rate (%) of safflower cultivars under drought 

stresses. 

Cultivars Drought 
Seedling 

length 

Seedling fresh 

weight 

Seedling dry 

weight 
Germination  MGT Oil rate 

Linas 

Control 8.89b2 5.47a1 0.61 94.0 2.01d45 29.87f 

-2 bar 4.67d4 3.00c3 0.84 97.0 2.06d4 36.01e 

-4 bar 2.95e5 2.00ef45 0.80 94.5 2.63b2 47.39bc 

Asol 

Control  12.58a1 5.30a1 0.50 94.0 1.97d45 40.27de 

-2 bar 4.79d4 2.40de34 0.73 91.5 2.35c3 49.77ab 

-4 bar 2.77e5 1.63f5 0.75 97.0 2.86a1 53.03a 

Olas 

Control 6.65c3 4.00b2 0.53 96.8 1.81e5 44.42cd 

-2 bar 5.21d4 2.80cd3 0.84 93.5 2.00d45 46.51bc 

-4 bar 2.86e5 2.05ef45 0.80 95.5 2.12d4 52.17a 

LSD5% 0.83 0.47 - - 0.15 4.55 

LSD1% 0.65 0.64 - - 0.21 - 

 

At the highest PEG level (-4 bar), Asol produced maximum germination percentage (97%) 

but lowest seedling length (2,77 cm) and seedling fresh weight (1,63 g) (Table 2). However, Asol 

needed much more time to germination (2,86 day) in all drought levels. The highest seedling 

weight and the shortest mean germination time were observed from Olas cultivars at medium level 

of PEG (-2 bar). Among these three varieties, Olas was the best cultivar in moderately drought 

conditions.  
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Table 3. Changes in seedling length (cm), seedling fresh and dry weights (g), germination 

percentage (%), mean germination time (day) and oil rate (%) of safflower cultivars under chilling 

stresses. 

Cultivars Chilling 
Seedling 

length 

Seedling fresh 

weight 

Seedling dry 

weight 
Germination  MGT Oil rate 

Linas 

Control 8.89b2 5.47a1 0.61c2 94.0 2.01e5 29.87f5 

15°C 4.99d4 3.18c3 0.54de34 93.5 2.55d4 44.70d3 

10°C 1.57f5 2.04e5 0.83a1 94.5 3.15b2 53.65b2 

Asol 

Control 12.58a1 5.30a1 0.50ef45 94.0 1.97e5 40.27e4 

15°C 5.57d4 2.14e45 0.47f6 90.0 2.69c3 46.80c3 

10°C 1.42f6 1.74e5 0.77b1 91.0 3.23b12 58.66a1 

Olas 

Control 6.65c3 4.00b2 0.53de34 95.5 1.81f6 44.42d3 

15°C 3.94e5 2.65d34 0.57cd23 95.5 2.58d34 52.56b2 

10°C 1.58f6 1.82e5 0.81ab1 97.0 3.35a1 58.84a1 

LSD5% 0.68 0.42 0.05 - 0.10 2.01 

LSD1% 0.92 0.57 0.06 - 0.14 2.71 

 

A remarkable reduction in seedling length and seedling fresh weight occurred in the decline 

of temperature (Table 3). At the lowest temperature (10°C), the fastest germinating (3.15 day) 

cultivar was Linas. Compared to the control, each increase in NaCl and PEG concentration with 

low temperature caused a slight increase in seedling dry weight. The maximum seedling dry weight 

was determined Linas exposed to 20 dS/m of NaCl (0,84 g), -2 bar of PEG (0,84 g) and 10°C of 

low temperature (0,83 g). Linas showed apparent superiority in seedling dry weight.  

According to the results of mean comparison NaCl, PEG and low temperature adversely 

affected seedling length and seedling fresh weight of three safflower genotypes. The mean seedling 

length and seedling fresh weight decreased significantly with increasing concentration of NaCl 

and PEG. Other researchers observed that higher concentrations of NaCl decreases growth of 

wheat seedling (Farooq and Azam, 2006), seedling fresh weight of cumin (Shahi-Gharahlar et al., 

2010) and shoot length of safflower (Kaya et al., 2011; Ghazizade et al., 2012). Similarly, 

increasing of drought stress level led to decreases in radicle and shoot length of safflower cultivars 

(Jajarmi, 2008), negative effects on germination, seedling fresh weight and early seedling growth 

of canola (Jamaati-e-Somarin et al., 2010). At the same time, these stresses caused prolongation 

of the mean germination time due to delaying germination. Ghorashy et al. (1972) and Alebrahim 

et al. (2008) reported that the mean germination time increased with an increase in PEG and NaCl 

solutions. Seedling dry weight was inhibited by increasing NaCl and PEG levels. Under stress 

conditions, lower tissue water content and higher dry matter and our results are supported by 

Siddique et al. (2000) in wheat, Gill et al. (2003) in sorghum, Kaya and Day (2008) in sunflower, 
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Kaya et al. (2011) and Aymen et al. (2012) in safflower. We could not reach a definite conclusion 

about oil contents in these stress treatments but other researchers reported that the oil contents of 

safflower cultivars were significantly reduced due to drought stress (Ashrafi and Razmjoo, 2010) 

and a significant reduction in oil contents of safflower genotypes due to salinity treatment (Irving 

et al., 1988; Yeilaghi et al., 2012). 

The safflower cultivars showed different responses to abiotic stresses. According to the 

results of these three experiments, it seems that safflower cultivars are very sensitive in relation 

with these stresses. Our study showed that Olas showed better performance under drought and 

salinity, and Linas gave faster germination and greater seedling growth at low temperatures. 
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Abstract 

 

This study was performed to investigate the differences between sunflower hybrids under low 

temperature stresses during germination and seedling growth. The experiment was established at 

the seed science and technology laboratory of Field Crops Department in Eskisehir Osmangazi 

University. In this study, the germination percentage, mean germination time, seedling length and 

seedling fresh weight of ten sunflower hybrids (P63LE113, SY Santos, Bosfora, SY Gibraltar, SY 

Roseta, Sanbro MR, SY Barbati, P63MM54, P64LE121 and P64LL62) were evaluated under 

optimum (25°C) and chilling stress conditions constituted by cool (18°C) and cold (15°C) tests. 

The results showed that germination percentage of sunflower hybrids was significantly different 

under low temperature and optimum conditions. Depending on decreasing temperature, mean 

germination time was extended, but shoot and root length shortened. Shoot growth was more 

affected by decreasing temperature than root growth. P64LE121, P63MM54 and P63LE113 

produced longer root at cold test and P63MM54 germinated rapidly at cool test. It was concluded 

that sunflower hybrids showed different responses to germination temperature and P64LE121, 

P63MM54 and P63LE113 gave better performance with respect to germination and mean 

germination time under low temperature than the others did. 

 

Keywords: Helianthus annuus L., Hybrid, Low temperature, Germination. 
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1. Introduction 

 

Sunflower (Helianthus annuus L.) is the most cultivated and produced oil seed crops in Turkey 

(Anonymous, 2019). It has several advantages in crop rotation such as high adaptation ability, 

suitable for mechanization and high oil yield per unit area ( Kazemeini et al. 2009). It is tolerant 

to drought and can be grown under rainfall conditions; consequently, sunflower is more important 

in arid and semiarid regions like Central Anatolia region of Turkey where the climate is 

characterized for semiarid due to irregular and insufficient rainfall and hot weather (Flagella et al. 

2002; Reddy et al. 2003). Farmers need new sunflower hybrids to be allowed to earlier sowing 

when the soil and whether temperature is usually lower than optimum, because they want to avoid 

hot and dry weather conditions during flowering stage of sunflower. Poor germination and seedling 

establishment of sunflower in early sowing have generally stem from low soil temperature which 

causes a delayed germination, emergence and sometime injured seedlings (Peacock, 1982; Khalifa 

et al., 2000). For these reasons, genetic variability for tolerance to low temperatures has been 

searched in this study and the responses of sunflower hybrids to low temperature stress in terms 

of seedling growth.  

 

2. Material and Methods 

 

This study was conducted at the Seed Science Laboratory in the Field Crops Department, 

Faculty of Agriculture, Eskişehir Osmangazi University, Turkey. Ten sunflower hybrids were 

tested under laboratory conditions against low temperatures during early seedling growth. 

Sunflower hybrids (P63LE113, SY Santos, Bosfora, SY Gibraltar, SY Roseta, Sanbro MR, SY 

Barbati, P63MM54, P64LE121 and P64LL62) were investigated under 15, 18 and 25°C.   

Germination test was performed by four replicates with 50 seeds in each replicate. The seeds 

were germinated in three rolled filter papers with 10 mL of distilled water. After papers were 

rolled, they were put into a sealed plastic bag to prevent moisture loss. The seeds were subjected 

to different germination temperatures of 15 °C (cold), 18 °C (cool) and 25 ± 1 °C (optimum) in 

the  darkness for 10 days. The seeds were considered as germinated when the emerging radicle 

was at least 2 mm long.  
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The germination percentage (GP) was recorded every 24 h and the speed of germination was 

evaluated by the mean germination time (MGT) described by ISTA (2003) rules. Root length, 

hypocotyl length and seedling fresh weight were measured at 10th day after sowing.  

The data were analyzed by using the MSTAT-C program (Michigan State University). The 

differences among the means were compared using the LSD values (P <0.01) according to a 

completely randomized design. 

 

 

 

 

 

 

 

 

Table 1. Response of sunflower hybrids to low temperature stresses during germination and seedling 

growth 

Germination percentage (%) 

Varieties 15°C 18°C 25°C Mean 

P63LE113 99.5ab 98.0abc 100.0a* 99.2AB 

SY Santos 97.0a-e 97.0a-e 97.5a-d 97.2BC 

Bosfora 86.0j 90.5hı 91.0ghı 89.2D 

SY Gibraltar 99.5ab 96.5b-f 100.0a 98.7ABC 

SY Roseta 100.0a 100.0a 100.0a 100.0A 

Sanbro MR 94.5def 98.5abc 98.0abc 97.0C 

SY Barbati 89.0ıj 90.0ı 93.5fgh 90.8D 

P63MM54 100.0a 94.0efg 98.0abc 97.3BC 

P64LE121 99.5ab 99.5ab 100.0a 99.7A 

P64LL62 96.5b-f 96.0c-f 98.0abc 96.8C 

Mean 96.2B 96.0B 97.6A  

Mean germination time (day) 

P63LE113 2.73e 2.91d 2.23jk 2.63C 

SY Santos 3.13bc 3.17bc 2.24ıjk 2.85B 

Bosfora 3.48a 3.22b 2.50f 3.07A 

SY Gibraltar 2.00n 2.37ghı 1.81o 2.06G 

SY Roseta 2.20jkl 2.45fg 2.02mn 2.23E 

Sanbro MR 2.70e 2.82de 2.20jkl 2.57C 

SY Barbati 2.19jkl 2.91d 2.23ıjk 2.45D 

P63MM54 2.06mn 2.28hıj 2.08lmn 2.14F 

P64LE121 3.08c 2.38fgh 1.95n 2.47D 

P64LL62 2.94d 2.40fgh 2.13klm 2.49D 

Mean 2.65A 2.69A 2.14B  

Root length (cm) 

P63LE113 6.76f-ı 10.23ab 7.35d-h 8.12A 

SY Santos 5.73h-k 11.93a 7.94c-g 8.54A 

Bosfora 4.90jk 7.47d-h 7.86d-g 6.75CDE 

SY Gibraltar 2.85e 8.47c-f 7.18e-h 6.17DE 

SY Roseta 5.74h-k 9.10bcd 8.44c-f 7.76AB 

Sanbro MR 4.29kl 6.31g-j 6.79f-ı 5.80E 

SY Barbati 2.74l 9.61bc 7.71d-g 6.69CDE 
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P63MM54 6.83fgh 8.81b-e 7.01fgh 7.55ABC 

P64LE121 7.54d-g 7.58d-g 7.97c-g 7.70ABC 

P64LL62 5.05ıjk 7.55d-g 8.14c-f 6.92BCD 

Mean 5.25C 8.71A 7.64B  

Hypocotyl length (cm) 

P63LE113 2.05k 4.25j 11.21cd 5.84CD 

SY Santos 2.02k 5.19hıj 10.51de 5.91CD 

Bosfora 2.35k 5.78gh 15.76a 7.97A 

SY Gibraltar 2.31k 5.68ghı 10.31de 6.10CD 

SY Roseta 2.60k 4.94hıj 13.58b 7.04B 

Sanbro MR 2.23k 4.72ıj 12.11c 6.36C 

SY Barbati 1.90k 5.54ghı 13.97b 7.14B 

P63MM54 2.85k 6.33g 8.95f 6.04CD 

P64LE121 2.65k 5.23hıj 11.05d 6.31C 

P64LL62 2.28k 4.86hıj 10.01e 5.72D 

Mean 2.27C 5.25B 11.75A  

Seedling fresh weight (g/plant) 

P63LE113 1.13j 1.95gh 2.78cde 1.96CD 

SY Santos 1.20j 2.38d-g 2.81cd 2.13ABC 

Bosfora 1.31ıj 2.10fg 4.02a 2.48A 

SY Gibraltar 0.96j 2.17efg 2.62c-f 1.92CD 

SY Roseta 1.17j 1.90ghı 3.24bc 2.10BC 

Sanbro MR 1.17j 2.05fgh 3.48ab 2.24ABC 

SY Barbati 1.02j 2.20d-g 3.77ab 2.33AB 

P63MM54 1.22j 1.89ghı 2.11fg 1.74D 

P64LE121 1.47hıj 2.03fgh 2.39d-g 1.96CD 

P64LL62 1.12j 1.96gh 2.61def 1.90CD 

Mean 1.18C 2.07B 2.99A  

*: Means followed by same latter are not significant at 5% level. 

3. Results and Discussion 

 

Germination percentage of sunflower hybrids is significantly different at each temperature but 

the germination was higher than 86.0% at the lowest temperature of 15°C. Bosfora and SY Barbati 

gave the minimum germination with 86.0% and 89.0% at 15°C, respectively. At 18 and 25°C, any 

remarkable differences among hybrids were not determined while statistically differences were 

found. Lower temperatures than optimum resulted in delayed germination and sunflower hybrids 

showed different responses to temperatures. Bosfora and SY Santos had the longest time to 

germination under all temperatures. Root length of sunflower hybrids was severely affected by 

low temperatures but the best root growth was recorded at 18°C. SY Santos and P63LE113 

produced the longest root length. Hypocotyl length decreased when temperature was declined. No 

significant differences among sunflower hybrids were detected at 15 and 18°C. However, Bosfora 

and SY Barbati produced longer hypocotyl than the others did. Also, similar findings were 

observed for seedling fresh weight and sunflower hybrids gave similar values without significant 

variation.  

Low temperature severely affected the germination and seedling growth of sunflower hybrids 

and they showed different responses. Although Bosfora gave lower germination percentage and 
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delayed mean germination time, it produced longer root, hypocotyl and fresh weight. It means that 

higher and faster germination did not generally result in better seedling growth. It was concluded 

that Bosfora, SY Santos and SY Barbati should be preferred under low temperature conditions. 
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Abstract 

 

Renewed screen credit perspective in today’s series is mostly inspired of series of foreign origin 

and it is pursuing positive progress ever so slowly. Screen credits may be explained briefly as a 

short entry and opening which show the audience what they’re about to see, what is about to start 

by giving clues about its content and style before the film or the programme starts and after which 

the title of the programme is written. In graphic context, it is the business card of the film or the 

programme. It is the way of preparing the audience to the main presentation by the means of active 

use of music, visual elements and typographic components which are among the recent trends and 

thus, attracting the viewer’s attention.  

In 1990s, typography, motion, editing, sound, sinematic and graphic statements peculiar to screen 

credits create a whole that is in its infancy although these were the years that dynamic image design 

began to be influential in motion pictures, television and advertisement. Today, how to use more 

effectively, enhance and improve the quality of the parts of this whole is being questioned.  

This paper is a study made up for making screen credits of the series in accordance with graphic 

design principles and it is preapared for creating awareness of the need of a multidisciplinary 

approach in this field. It also examines design extent, which is expected to have aesthetic concerns, 

of these products that belong to television, to virtual environment and it is questioning the current 

situation by comparing the screen credits of Turkish and foreign television series that are 

broadcasted in Turkey. 

 

Keywords: Screen Credits, Typography, Kinetic Typography, Dynamic Typography 
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1. Introduction 

 

Screen credits can be defined as introductive texts and images that give hints about the content and 

style of a series, a film or a programme. They give information about people and institutions who 

contributed to production process and actors along with the name of the genre the content of which 

is to be mentioned. They consist of opening credits and end credits. Opening credits generally list 

the name, director and major actors of the series or film in company with images. End credits give 

detailed information about film and production crew preferably using images.  Of course music 

that is suitable for the content is the main element that supports narration in both opening and end 

credits.  

 

In the past years, screen credits were thought to be texts in bold rolling on images that are 

abstracted from sections that are shot in advance. However when examining present day, it can be 

seen that this order has been fairly changed and is trying to keep up with the age. Typographic 

elements that burst, combine or transform according to the rhythm of the music are among the 

significant elements that are demanding effort and affecting the quality of the production that they 

represent, make a distinguished name for themselves and make the production a brand. 

Screen credits in series start with the presentation and the logo of the studio or the production 

company. Afterwards, introductory information such as the name of the series, director, leading 

actors, art director, director of photography, editing and music of the series are placed in the 

begining of the series. In the end of the series, all information regarding the proction of the film 

such as all actors and extras, technical team, those who work at places of filming, film studios and 

locations and a detailed list of the soundtracks appear in the credits. This partakes of an 

appreciation.  

First samples of screen credit design appeared in the period of silent motion pictures. The purpose 

of these first samples that are practised by photographing or shooting printed materials was to 

inform the audience about the time, place and action of the story and prepare them. These first 

samples also includes dialogues and thus, they entirely have the characteristics of a typographic 

informing and guidance process. (1) 

 



2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

2. Graphic Factors A Good Credits Design Must Have 

 

Screen credits must be designed in the level of an art work at all times. Main element that 

determines the correct value and power of the credits is to integrate the elements in design and 

production process and saturate it in the context of art. Effective elements in design of screen 

credits are colour, typography, image, animation and sound. These methods of graphics and motion 

graphics, colours, typography, composition, effects, in short, all visual and auditory elements that 

are used summarize the characteristics of the production. Designs must be attention grabbing and 

motivating. Composition of the image must be minded, the ambience of the film must be supported 

with the content structure of the credits. 

 

According to graphic design artist Saul Bass, "making credits is just like making a poster; you 

concentrate to an event in the concept and summarize the main message”. (2)  Bass preferred a more 

graphical way other than the photographs taken for the film or the pictures of the stars and with 

his courageous works in this aspect, has a leading role for ensuing artists.   

 

 
 

Image 1.    “A frame from Saul Bass’s design”        https://www.lifewire.com/profile-of-graphic-designer-saul-bass-1697483 

 

the process that has been developing with Bass’s works that took a leading part in 50s and 60s, 

Maurice Binder's compositions that is going to go down in cinema history, David Depatie and Friz 

Freleng's Pink Panther character and credits that would soon after be a phenomenon all by itself, 

https://www.lifewire.com/profile-of-graphic-designer-saul-bass-1697483
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afterwards; the process developed with Kyle Cooper reaches up to the present especially with 

successful examples in 90s.(3)   These credits in 90s are created with the immensity of digital 

technology world and they continue developing.  

Unfortunately, texts that are rolling swiftly and advertisements that are coving the screen can still 

be seen on TV and make the working team insignificant. The reason to that may be low budget 

advertisements or restricted time due to the schedule of the next programme. The struggle for 

launching more advertisements in a short time and the fear of losing the audience are among the 

other reasons. Yet end credits are as important as opening credits in regard to remind the audience 

about next episode and thank the crew behind the camera. Sadly, only those who are interested in 

the sector try to follow the end credits and only the enthusiastic question director and actors.  

 

3. Kinetic Typograpy in Screen Credits and Examples from the World  

 

Typography simply means to write properly according to the form. It’s done with the combinations 

of font, type size, line length, space between lines and such factors. Compositions that are 

constituted with fonts placed in front of the backgroud designs as three dimensional objects are 

called digital typography or 3D typography. Another branch of the digital typography is kinetic 

typography or dynamic typography. One can encounter to kinetic typography often in music 

videos, advertisements, and screen credits of films and series. The emotion is added to static 

typography with voice-over and images while it is added to kinetic typography with motion. The 

common programmes used for kinetic typography are Flash, After Effects etc. The first example 

of kinetic typography is in the credits of  “North By Nortwest” by Alfred Hitchcock. (4) 

 

 “Kinetic typography – text that uses movement or other temporal change – has recently emerged 

as a new form of communication. Kinetic typography can be seen as bringing some of the 

expressive power of film – such as its ability to convey emotion, portray compelling characters, 

and visually direct attention – to the strong communicative properties of text.” (Lee et al. 2002:81) 

 

In present day, text and fields that it is used differ as a result of the level of communication 

technologies and new communication environments being a part of daily life. Every environment 

that text is used has a technical structure and problematic of its own. The priority of the text must 
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be to be readable. Text and typography terms split in graphical communication, text is seen as one 

of the plainest communication tools. In fact, typography is an enhanced dimension of text. Form 

of use (how they are used in design) is highly important due to many reasons such as the thickness 

of the words, spaces between the words and coherence of the words. It is the same for credit 

typography. 

In the world, particularly in fast developing countries, examples of kinetic typography can 

frequently be seen in credits that are worked on carefully. Some of these examples that are 

designed according to form of use: 

 

 
 

Image 2.    “Frames from True Detective series credits”    https://www.youtube.com/watch?v=G7zhk10CU4I 

 

Design team of “True Detective”, a detective series, is a succesful team that made the credits of 

the series “Game of Thrones”. The credits succeeded to double the effect with the contributions of 

the band ‘The Handsome Family’ and managed to be one of the remarkable and successful 

examples of credits with its plain and sound typography (see Image 2).  

 

https://www.youtube.com/watch?v=G7zhk10CU4I
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Image 3.     “Kinetic Typography Example:Frames from the series Fringe”    https://www.youtube.com/watch?v=JR-9uK6xPa0 

 

 

Fringe is an American science fiction series edited by  J. J. Abrams, Alex Kurtzman and Roberto 

Orci. In the series, unusual scientific methods are used to explain the unexplained incidents that 

can affect whole world. In the credits, pieces that composes the word ‘Fringe’ are combined (Image 

3) as a successful reference to the achievements of Fringe team at solving an investigation or a 

series of incidents that may be described as terrifying. The credits are among impressive examples 

with its successful music that emphasizes the mystic content of the series along with its integrity 

in design. 

 

http://tr.wikipedia.org/wiki/J._J._Abrams
http://tr.wikipedia.org/wiki/Roberto_Orci
http://tr.wikipedia.org/wiki/Roberto_Orci
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Image 4.      “Kinetic Typography Example:Frames from the series Breaking Bad”    https://www.youtube.com/watch?v=U0g3Wja-Zqg 

 

 

Breaking Bad is a drama television series created by Vince Giligan which entered in Guinness 

Book of World Records as the highest rated TV series of all times in 2013. In the credits, 

typographic insights (Image 4) made by using periodic table that has been developed to classify 

chemical elements which emphasizes Walter White’s proffession being a chemistry teacher is 

another creative kinetic typography example.  

 

These successful credits that are a result of technological, social and cultural developments in 

television graphics carry the traces of innovation, change and contemporary design. Design 

phenomenon that constantly improves itself revives the graphic designers’ excitement and pushing 

the limits of communication positively. 

 

 

3.1. Using Typography in Turkish Series’ Credits: Süper Baba, Ezel, Karadayı and 

Paramparça Sample 
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Credits design is a course that has commercial and sectoral obligations along with being an 

aesthetic and graphical expression. Hence, the producers of credit designs in the former examples 

are contented producers that crossed every financial and sectoral hurdle. Unfortunately, the 

number of qualified employees that improve themselves is rather low when compared with other 

countries. Technological change is a process that requires to follow the improvement materially 

and spiritually, not individually but an interdisciplinary team. Limited time and budget restrictions 

make the development of credit design highly difficult in our country. In 60s and 70s, Turkish 

series fell behind the development that is proportional to technical development in graphic design 

and advertisemement world with their underdeveloped technology when compared to examples 

abroad. It is still not quite possible for us to sufficiently talk about screen credits of high quality in 

our country which hosts quite good designers. We must continue with a few examples of Turkish 

series from past and present in order to open the current system to questioning and develop solution 

offers. 

  

 

Image 5.      “Using typography in series credits:  Süper Baba”    https://www.youtube.com/watch?v=pTeSsEmgt2k 

 

 ‘Süper Baba’, a domestic tv series featured on atv between the years 1993-97, is one of the 

favourite long-termed series of its time that has a lasting effect even for today starring Şevket 

Altuğ, Sümer Tilmaç, Jülide Kural, Şevval Sam and Bennu Yıldırımlar. However, the credits 

(Image 5) stand out only with the music composed by Yeni Türkü, vocalized by Oya Küçümen 

and are weak in terms of design elements despite being in the 90s.  

 

http://tr.wikipedia.org/wiki/%C5%9Eevket_Altu%C4%9F
http://tr.wikipedia.org/wiki/%C5%9Eevket_Altu%C4%9F
http://tr.wikipedia.org/wiki/S%C3%BCmer_Tilma%C3%A7
http://tr.wikipedia.org/wiki/J%C3%BClide_Kural
http://tr.wikipedia.org/wiki/%C5%9Eevval_Sam
http://tr.wikipedia.org/wiki/Bennu_Y%C4%B1ld%C4%B1r%C4%B1mlar
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Image 6.      “Using typography in series credits:  Sıdıka”    https://www.youtube.com/watch?v=VeNfKHePnHI 

 

 

‘Sıdıka’ is a TV series written by Atilla Atalay and featured on Show TV in 1997. This credit with 

Latif Demirci’s drawings is quite successful according to its period and when compared to other 

examples in our country. However, the typographic elements are in an ordinary sequence (Image 

6).  

 

According to Ambrose and Harris; shaping and changing of typography elements can make a text 

readable. Being readable means that readers are able to perceive a text easily and it regards to 

whole text (Ambrose vd., 2012:59). 

 

 

Image 7.     “Using typography in series credits:  Ezel”    http://www.dailymotion.com/video/xfac8s_ezel-jenerik-muzigi_music 

 

 

‘Ezel’ is a Turkish drama and action series directed by Uluç Bayraktar and started to be featured 

in 2009. In this example which is one of the few examples that use kinetic typography, (Image 7) 

text is rolling simultaneously with the music which shows that kinetic typography enters its 

infancy. 

 

http://tr.wikipedia.org/wiki/Atilla_Atalay
http://tr.wikipedia.org/wiki/Show_TV
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Image 8.      “Using typography in series credits:  Karadayı”    https://www.youtube.com/watch?v=5Uw12Blk3Qw 

 

‘Karadayı’ is a drama action Turkish television series that began to be featured in 2012 starring 

Kenan İmirzalıoğlu, Bergüzar Korel and Çetin Tekindor. 

 

In BassAwards 2012, in which the series Elementary won “Best Film Credits Secuence” award, 

the credits of Karadayı which is designed and applied by Aurora, design agency of Ay Yapım, 

won the Bronze Throphy. (5) It is an effective example in its period that the attention paid in the 

visual elements joined with the plain typography (Image 8) appearing in credits.  

 

 

 
 

Image 9.     “Using typography in series credits: Paramparça”    https://www.youtube.com/watch?v=EXsjs__4o7c 

 

The series ‘Paramparça’ is a Turkish drama television series written by Yıldız Tunç. There are 

classical scenes of the series and after that there are disrupted letters (Image 9) coming together at 

http://tr.wikipedia.org/wiki/Kenan_%C4%B0mirzal%C4%B1o%C4%9Flu
http://tr.wikipedia.org/wiki/Berg%C3%BCzar_Korel
http://tr.wikipedia.org/wiki/%C3%87etin_Tekindor
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the end of the credits. This makes the credits of this series one of the promising credits with its 

typography. 

CONCLUSION 

 

 

It has been observed that the credits of today’s Turkish series are composed with the help of 

technology, however this technology is used without concern of design. Elements of graphic 

design (typography, photograph, image etc.) steer the object, type and flow of the series with the 

advances of different application opportunities that the digital environment has brought. As 

understood from the examples that are examined from foreign series, it is important for the font 

adapted to the image to be convenient for the content, it is  important for the typographic transitions 

watched through the credits to be created according to the genre of the production and the flowing 

speed of the credits. It is also important that the colours and spaces are applied correctly in 

accordance with the structure of the content, that text is placed according to the location of 

compositional elements, that dynamic uses are prefered rather than stable uses with the motion 

added in text in terms of giving pleasure to the audience, get the audience’s attention and direct 

the audience. 

 

In end credits, the reasons of fast rolling texts and screen covering advertisements are questioned 

and it is thought that it might be appropriate to make the flowing more slowly in recognition of 

respect to labour. 

 

What is important in design is to get rid of the ordinariness and trigger creativity, to develop an 

idea, to dare, to take risks and to know how to free creativity. It is foreseen that positive new 

pursuits about typography in Turkish series credits and following that, careless and sloppy 

aesthetic concerns will be supported with technological opportunities and speacialists in their 

fields and give place to modernist approaches that will be the backbone of the credits and design 

will be appreciated in all fields.  
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Abstract 

 

The controversy about graphic designer’s social and political role on society is a very popular and 

a never-ending discussion among contemporary designers and it will not come to an end until so 

many legitimate justifications and objections still continue to exist. For this reason, there is no 

consensus in this aspect. In our times, beside the classical job definition of a graphic designer, 

there is also one more essential task which is taking a part in the fight of social and political 

injustices, along the way of designing. Since that time and even long before that, designers have 

been questioning the idea of this statement; whether it has a sense of reality or nothing more than 

just a utopia. Some of them saw the positive and effective sides of their profession, produced some 

beneficial works and defined their personal and professional path in this direction. However, there 

have always been some others having kept their sceptical approach on the issue and questioned 

the idea of being effective on the solutions of society’s social and political problems. The 

discussion starts at this point, whether social and political graphics have a visible effect on the 

mindset of society or it is not more than just a pointless endeavour like Don Quixote, who is the 

symbol of the fighting with the authority on his own, did. These two sides of the issue will be 

discussed; some opinions of the graphic designers and examples of the contributions will be 

presented in this paper, without looking for a certain answer. 

 

Keywords: Graphic Design, Poster Design, Social Design, Design Movements, Propaganda 
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1. Introduction 

Initially, before having a certain look at the arguments, it will be useful for our 

understanding to look at the history briefly, in the context of the evolution of graphic designer’s 

role within the society. First attempts to use graphic design as a propaganda tool nearly coincided 

with the beginning of 20th century. As a matter of fact, in the 19th century, the figures of Brother 

Jonathan and Uncle Sam were already used for patriotic purposes and the call of war in the United 

States (Fig.1). Nevertheless, graphic design, specifically poster, was used as a mass device of 

propaganda for the first time at the beginning campaigns of World War I, which is started after a 

brilliant era called “La Belle Opeque” (also known as “Beautiful Era”). It’s also stated in many 

sources that in the war years, posters have become a primary mass media due to the leap forward 

of print technology. With the help of this powerful type of media, all countries in the war used 

poster to convince the public for forming an army and asking their support for one of the bloodiest 

wars through the human history (Bektas, 1992, p.54). As Alice Twemlow stated in her book “What 

is Graphic Design for?”, the conditions of this new, full of war-era designated the role of graphic 

designer as one-sided:  

In the first decades of the 20th century, many designers across Europe and later in 

the United States espoused the principles of modernism. They felt it was their duty-

to put design’s force behind the drive for social and political progress. During 

World War II and the post-war period, graphic design in Europe and the United 

State, at least, has a clear and purposeful role; to provide propaganda, camouflage, 

and information design on behalf of governments for the armed forces and civilians. 

(Twemlow, 2006, p.6)    
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    Figure 1. Posters of Jonathan Brother and Uncle Sam 

 
 

As a result of that, Soviet Union, which was founded in 1922 after a revolution, used 

graphic design as a helping hand to build its state and society’s social/cultural structures with the 

collaboration of Russian Constructivist artists and designers. Similarly, after the war in the 

United States, when public was suffering from poverty in the Great Depression, graphic design 

was utilized as a backing device to raise the spirits of public (which was poorly down). In this 

period, authorities like governments, politicians, even dictators have seen the potential power of 

graphic design and its substantial effect on society. Thus, Nazis in Europe tent to spread their 

ideology and propaganda via posters. To give a very specific example about this from an article 

(Oztuna, 2008), even Hitler interfered in designer’s job deciding which font must be used in the 

posters to make them more powerful (Fig.2).  
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Figure 2. Nazi propaganda posters 

 
This awareness was prevailed in the Second World War years and after that, as a 

consequence of the reconstruction of civilization, it caused a golden age of advertising in the 

United States. Designers were only not exploited for the promotion of products by companies, but 

also for the election campaigns by politicians. Although some designers used their skills for the 

promotion, there were still some dissenters who designed posters to protest Vietnam War and its 

failure in the same years. Furthermore, a group of designers consisted of photographers and 

students published a manifesto called ‘First Things First’, which later became a milestone in the 

history of graphic design (Fig.3). The manifesto declared a number of ethics and called the 

designers into action against some unethical approaches on the profession. In the meantime, there 

were some youth and fine arts student movements in Europe like Atelier Populaire, who produced 

influential propaganda poster series against political forces. In the same years, three French 

designers established an activist design group titled ‘Grapus’ to produce protest materials against 

the authority. 70s and 80s witnessed a bunch of years full of activism. Peace, human rights of 

minorities and fighting with AIDS were the top issues and concerns of some designers in those 

years. 
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 Figure 3. ‘First Things First’ Manifesto 

After a dominant period of wars, ideologies, patriotism and nationalism in the 20th century, 

designers became more independent, individual and interrogating as any human being in the world 

and started to react against the authorities, whom they served their skills for before, due to the 

individualism provided by Post-Modernist mindset. Correlatively, towards 21st century, 

globalization played a notable role in the change of citizen conception of people. As a consequence 

of that, designers became more sensitive to the global issues (Fig.4). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Posters of Seymour Chwast, 1967 (left), Shigeo Fukuda, 1975 (right). 
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2. The Awakening  

The 90s was a breaking point in the design community. Some of the designers took the 

heritage of their fellows, who have a dissenter voice against inequitable political forces, and started 

to build some critical approaches on the profession with the help of new technology. Liz 

McQuiston also stated this big change about the new era considerably in her “Graphic Agitation 

2” book. She defines the 90s as a witness to a new unstable world, but also to a beginning of a new 

era for political protest. She also emphasises why an attempt of individual could be effective at a 

global level, contrary to what is believed:  

A new spirit of activism emerged, driven by individual initiative and a do-it-

yourself culture. These changes were accompanied by the emergence and 

widespread adoption of the new technologies - faxes, mobile phones, the internet 

and the World Wide Web. The image of new technology, used in wartime to dazzle 

and show videogame-style superiority, was transformed when grassroots activists 

grabbed control of the internet and made it into the ‘power to the people’ tool of the 

1990s. The internet revolutionized the organization, accessibility and information 

dissemination of protest movements, giving birth to the global protest network. 

(McQuiston, 2004, p.7)  

In the light of technological developments and the power of individualism, a large extent 

of designers realised their potential on the solutions of social and political problems in the world. 

As a designer and also designing educator, Katherine McCoy put into words this awareness at the 

Design Renaissance International Conference in Glasgow in 1993:  

We cannot afford to be passive anymore. Designers must be good citizens and 

participate in the shaping of our government and society. As designers, we could 

use our particular talents and skills to encourage others to wake up and participate 

as well.  

Some designers believed in the power of initiative and think that every individual designer 

could be the part of solution to social and political causes, no matter s/he is influential enough. 

This notion is still not underestimated. What is more, it has prompted many initiatives of designers 
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who made a big concrete impact on minds more than past while they were not saving the world 

literally. One of the big accomplishes of these attempts came from a non-profit and anti-advertising 

media foundation called “Adbusters”, which is founded in 1989 by Kalle Lasn and Bill Schmalz 

in Vancouver: 

Adbusters promotes resistance to corporate and mass media takeover of our culture 

and our lives, through its energetic website and even more energetic magazine. To 

this end it encourages ‘culture jamming’ (creative resistance) and subvertising, an 

important tool with which visual artists, designers and activists around the world 

can revolt against the system creatively and (often) with a sense of humour. 

Through its many ad alterations and parodies Adbusters have spearheaded a 

veritable visual revolution. (McQuiston, 2004, p.92)  

The organisation actualised so many globally known projects. One of them is an 

international day called ‘Buy Nothing Day’, which is a protest day against consumerism, and so 

many people from different countries has been participating it every year. Beside this, ‘First Things 

First’ manifesto was updated by the organisation in 2000 with the attendance of new designers. 

This was an emergency re-call for designers in the new age. When we turn back to our discussion, 

it is possible to give an example about the reality of their impact on society. Their most concrete 

and influential act was ‘Occupy Wall Street’ movement, which is started in 2011 after the global 

economic crisis. It spread so many countries and created a brand new conception in the protest 

culture (Fig.5). Furthermore, some designers made contributions to the boycott.  
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  Figure 5. ‘Buy Nothing Day’ poster (left), ‘Occupy Wall Street’ poster (right). 

 

 

One and maybe the most important of them was Jonathan Barnbrook, who is also known 

for his dissent graphic design works in the design industry. He, also one of the contributors of 

Adbusters magazine, supported the movement since the beginning and designed a logo, which is 

admired and chosen by the protestors, for the rebellion in London as a pro-bono work. His works, 

especially posters, which generally include his fonts, has made a tremendous impact on the people 

of profession, and they have also exhibited in the museums to meet public. As he stated in his 

interview (2006), he always indicates his opinion clearly about the impact of graphic designers in 

the various media:  

Graphic design is not only about promotion or not an industry, but also a mass 

communication area. This means we have the potential of transmitting what we 

believe to tremendous numbers of people. Unfortunately, there are so many 

designers who think that everything should be kept limited within the market 

economy and that otherwise, community will not give response. This is absolutely 

nonsense. (Barnbrook, cited in Grafik Tasarım Magazine, p.37)  

There was a man who agreed with this statement, and used his talent to break the prejudices 

and brought the attention to the conflict between Israel and Palestine. Despite the powerful political 
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forces, he tried to show the reality of conflict starkly and succeeded in this thanks to his own 

efforts. Yossi Lemel stood in the middle of both side and brought some unforgettable aspects to 

the issue through the objectivity in his poster designs, which appeared in many publications and 

are placed in numerous exhibitions. As noted in the Graphic Agitation 2, “Lemel’s posters extract 

their provocative force from manipulation of the signs and symbols of the here-and-now. They 

also bear the hallmark of beautifully polished still photography, used to make stunning images 

with often controversial political messages.” (McQuiston, 2004, p.172)  

Although the designers, who address the global issues, gained the respect from some of 

their confreres with their socially and politically based designs, some designers in the community 

objected to the idea of posters in museums. They did not give a credit for a poster in a closed area 

when its duty is to influence people. Designer Andrew Lewis clarified this objection efficiently in 

his interview in a Turkish social design-based magazine called No Tasarım (2008). He thinks that 

the place of a poster is outside, not an inside wall, and creative ideas in the posters, no matter they 

are great, is a word of designers, one to another. He also wonders whether ordinary people on the 

street would understand the idea of these posters. But, the debate does not finish at this point. To 

encourage designers, especially the young ones, for the social and political awareness, design 

competitions emerged in the last decade and caused a bunch of designers to develop some critical 

approaches about the issue. One of them was Leonardo Sonnoli. He pointed out this judgmental 

opinion in his interview (2008):  

The question is, whether these competitions and exhibitions are useful or not; 

especially if the competition targets such demanding issues. [...] I think, these kinds 

of competitions do not let designers to produce functional posters but beautiful 

ones. Participations are interested in the style, not the content. Ultimately, 

competitions turn out to be the competition of producing the coolest work. (Sonnoli, 

cited in No Tasarım Magazine, p.124)  
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While the designers were discussing the benefits of the competitions, one of them, called 

‘Good 50X70 Social Communication Project’, which is an independent, non-profit initiative, 

shone out. In contrast to the discussions about poster exhibitions, Good 50X70 exhibited the 

winning posters in open-air galleries and once in a big avenue of Milan in public in 2010 (Fig.6). 

The organisation brought the issues comprehensively to the attention of design community with 

its annual competition and students workshops around the world. Moreover, co-founders of the 

organisation started to ball rolling for another important competition known as ‘Poster for 

Tomorrow’, which focuses only human rights issues. The co-founders of the organisation, 

Tommaso Minnetti and Pasquale Volpe stated their view about the reality of posters in No Tasarım 

Magazine: “The contribution of designers to the global issues may not be so explicit, but it has an 

advantage of being culture-based. It gains a political position by impressing and re-shaping ideas. 

Ultimately, it does not bring a ‘solution’. Nevertheless, there is no more important commercial 

project than this.” (Minnetti&Volpe, cited in No Tasarım, 2008, p.100) The organisation also has 

the support of many respectable constitutions such as Unesco, Council of Europe, and non-profit 

organisations like Amnesty International, Greenpeace and World Wildlife Fund.  

 
  Figure 6. Open exhibition areas of ‘Good 50x70’ poster competition. 

 

Taking these kinds of support is an efficient way to be more powerful and effective and 

transmit your message at a global level. But still, isn’t it the only way to spread designers’ idea 

about the global problems? What about commercial ways, communicating with the public via 

clients, corporations and companies? Some designers think that the collaboration with the business 
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industry for social projects is quite possible. A designer and designing educator Jennifer McKnight 

think in that way and told her opinion about the issue in one of her interview: “In fact, when you 

work with the clients who do not think about social responsibility but have the enough power for 

a radical change, then you could have many opportunities to be effective in changing and arousing 

the awareness. “(McKnight, cited in No Tasarım, 2008, p.84) While some of designers still 

approach with caution to the idea, others turn this into advantage. One and maybe the most 

important example of this is Benetton. The company has made a remarkable impact on people’s 

minds with its provocative and paradigm-shift print-ads about the human rights issues. “The 

photographer and creative director Oliviero Toscani started delivering the overtly political 

messages that define a decade of Benetton advertising.” (McQuiston, 2004, p.204) The aim of 

poster ads is to shock people with the powerful and thought-provoking images like a black woman 

breastfeeding a white baby or a priest and a nun kissing. The company also launched a magazine 

called Colors in 1991: 

Under the editorship and creative direction of renowned designer Tibor Kalman, 

Benetton’s promotional magazine Colors also broke new ground, handling themes 

such as racism in a manner that was both controversial and visually stunning, 

Kalman reigned over the first 13 issues (1991-5), blasting his way through one 

taboo after another. (McQuiston, 2004, p.204)  

Both Toscani and Kalman used the power of image for grabbing the attention of people to 

the social and political problems in the world and they succeeded in this using a company’s 

facilities regardless of getting the flak. Today, as a consequence of that their campaigns, posters 

and spreads are still remembered and spoken by the people (Fig.7).  

 
 
 
 
 
 
 
 
 

Figure 7. Benetton advertisement (left), Colors magazine (right). 
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3. Conclusion  

As a result of these controversial examples and opinions, the debate will continue to remain 

among one of the most-debated issues to be taken under consideration. Even in contrast to the 

arguments presented above, this is just the tip of the iceberg. Maybe it is overstated, and even the 

title of this essay seems very challenging in the beginning, but only if we think that graphic design 

is just about creating shapes, colours and types and making the world more beautiful and a liveable 

place. In fact, the problem is solved when we think in this way; however, it is not quite as simple. 

The arguments about the issue show the issue’s subjectivity and sensitivity. Hence, it would not 

be logical to get a conclusion as soon as possible. Designers have some code of professional ethics 

like anyone else in other professions, and the world keeps turning, they will continue to shape their 

professional paths. Therefore, it is up to them to use their talents and skills for the sake of society 

additionally commercial purposes. Nevertheless, it is not attributing to designer super powers, but 

graphic designers, have a talent and they know how to realise it for communicating ideas more 

than any ordinary people in the world.  
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Abstract 

Hypertension (high blood pressure) has been considered as a risk factor for the cardiovascular disease (arteriosclerosis, 

stroke and myocardial infraction). Angiotensin I-converting enzyme (ACE) plays an important role in the regulation 

of blood pressure. The drugs used to treat high blood pressure are called as antihypertensive drugs. In recent years, it 

is observed that some foods have antihypertensive activity. The beneficial health effects of the foods which had 

antihypertensive activity result from the bioactive peptides produced during fermentation and storage of them. Some 

bioactive peptides which had ACE-I inhibitor activity can be synthesized by the activity of enzymes which are 

metabolite of various lactic acid bacteria (LAB). The inhibition of ACE-I is one of the important functional properties 

of these LAB. Further scientific studies on this feature of LAB should be increased. Thus, new functional foods that 

can be inhibited ACE-I, can be produced. 

 

Keywords: Antihypertensive activity, Angiotensin I-converting enzyme (ACE-I) inhibitors, functional foods   
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1. Introduction 

 

Cardiovascular diseases such as atherosclerosis, coronary heart disease, stroke and heart 

failure rank highest in the cause of global death. Hypertension is one of the most important risk 

factors of these diseases. Hypertension is manifested as excessive high blood pressure 

(systolic/diastolic values of ≥140/90 mmHg) (World Health Organization (WHO), 2019). High 

pressure in the blood vessels for a long time causes the vessel damages such as blockage, tearing 

and dilation of the vessels. High blood pressure will affect many organs in body. The blood flow 

in the damaged vessel is reduced, and therefore, adequate blood flow to organs cannot be provided. 

Uncontrolled hypertension can lead serious diseases as kidney failure, eye pressure and heart 

attack; even, stroke and eventually death may occur (Borghi and Rossi, 2015; Wu et al., 2017).  

 

In recent years, interest has increased in functional foods that are effective in preventing 

diseases and maintaining a healthier life. The some functional compounds (for example, phenolic 

substances) in foods and/or certain microorganisms (for example, probiotic microorganisms) in 

food microflora contribute to the formation of functional properties of foods. In particular, the 

functional compounds can be synthesized chemically or biochemically by microorganisms. And, 

these functional compounds; phenolic substances, isoprenoid derivatives, fatty acids, 

carbohydrates and derivatives, proteins, amino acids, peptides, vitamins, minerals, etc. chemical 

structures (Prasetyaningrum and Praptyana, 2019). 

 

Functional components may exhibit one or more activities to protect the body from diseases 

and to maintain a healthy lifestyle. Some of these activities are antibacterial, antifungal, antiviral, 

anti-inflammatory, antioxidant, antimutagenic, anticarcinogenic, antiaging, antiallergic, 

antidiarrheal, antiulcer, antithrombotic, and antihypertensive (Rojas-Ronquillo et al., 2012).  

Antihypertensive activity is the activity of drugs used to treat hypertension. The most prominent 

group of functional food components with this activity are bioactive peptides. 

 

2. Hypertension and Blood Pressure Regulation System 
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Hypertension is defined as the increase in arterial blood pressure above normal limits. 

Hypertension is associated with major complications such as stroke and coronary heart disease. 

The cause of hypertension is multifactorial. Environmental factors, on the other hand, do not cause 

an increase in blood pressure alone, but they increase blood pressure synergistically with genetic 

factors (Martin and Deussen, 2017). 

 

Primary causes of hypertension (95%); genetic predisposition, excessive salt consumption, 

obesity, overwork of the sympathetic nervous system, renal impairment in salt excretion, increased 

intracellular sodium and calcium, the role of renin-angiotensin system, impatient, stressful 

personality structure. Environmental factors such as increased salt and alcohol intake, stressful 

occupation and living in crowded places are the environmental factors that increase these causes. 

There are also secondary causes such as hormonal and neurological causes (Wu et al., 2017). 

 

 The renin-angiotensin system (RAS) acts as the main pathway responsible for regulating 

blood pressure and ensuring fluid homeostasis. In this system, two important proteases play role; 

renin enzyme and angiotensin I-converting enzyme (ACE; kininase II). Of these, renin hydrolyses 

a peptide bond of angiotensinogen (a protein synthesized in the liver) to produce a physiologically 

inactive angiotensin-I (AngI), and ACE, then, converts this inactive angiotensin-I into a vasoactive 

angiotensin-II (AngII). Angiotensin-II which strong vasoconstrictor, binds with receptors on the 

vascular wall to cause blood vessel contractions. ACE is a multifunctional enzyme. It also 

catalyses the degradation of bradykinin (BK), a vasodilator (blood pressure lowering), to inactive 

BK-(1–7) and BK-(1–5) (Carey and Siragy, 2003) (Figure 1).  
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Figure 1. Angiotensin converting enzyme (ACE) in blood pressure regulation (Li et al. 2004). 

 

In disease conditions (hypertension), the activity of renin and/or ACE increased causes 

abnormally high blood levels of angiotensin II. This leads to excessive blood vessel contraction 

but insufficient relaxation. Therefore, for decreasing the blood pressure of hypertensive patients 

are used ACE inhibitors (Rho et al. 2012). These inhibitor structures are synthetic drugs such as 

enalapril, captopril, alacepril and Lisinopril, and they have been used for the effective clinical 

treatment of hypertension and heart failure in humans (Boye et al. 2010). However, the synthetic 

drugs cause various side effects such as diarrhea, coughing, allergies, taste disturbances, skin 

rashes, impaired renal function, and excessively low blood pressure (Tenenbaum et al. 2000; 

Martin and Deussen, 2019). Therefore, utilization of natural source-derived bioactive peptides as 

ACE inhibitors with fewer side effects for the management of hypertension has become 

increasingly attractive (Aluko, 2015; Fu et al, 2016). 
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3. Bioactive Peptides and ACE Inhibitor Activity 

 

Some food proteins are an important source of the bioactive peptides which had 

antihypertensive, opioid, immunomodulating, antioxidative, antimicrobial, antithrombotic, 

hypocholesterolemic, and other activities. Bioactive peptides are inactive within the quence of 

parent proteins, but they can be released by enzymatic proteolysis in vivo or in vitro, for example 

during gastrointestinal digestion or during food processing (Korhonen and Pihlanto, 2006; 

Udenigwe and Aluko, 2012). 

Bioactive peptides are short-chained polypeptides. Among functional properties of bioactive 

peptides, the most important are angiotensin converting enzyme (ACE) inhibitory peptides which 

had been most extensively studied for their potential in the prevention and management of 

hypertension. ACE-inhibitory peptides usually contain 2–12 amino acids, however, rarely, active 

peptides with 20-27 amino acids have been identified (López-Fandiño et al., 2006). 

ACE is an exopeptidase that cleaves dipeptides from the C-terminal side of various 

oligopeptides. In the inhibition mechanism of ACE, the ACE inhibitors exert their activity by 

directly binding to or indirectly inducing conformational changes in the active site of the enzyme 

(Jia, et al., 2015). Similarly, the bioactive peptides which are ACE inhibitors inhibit ACE (enzyme) 

and prevent conversion of angiotensin-I to angiotensin-II. Thus, plasma levels of angiotensin-II 

are reduced. This reduction cause vasodilatation in arterioles and decrease in blood pressure. As 

well, ACE inhibitors inhibit the inactivation of quinine by the ACE. This causes the accumulation 

of quinine in the organism. Quinine is a potent vasodilator that reduces blood pressure by reducing 

bradykinin vascular resistance. 

 

4. ACE Inhibitory Peptides Derived From Food Proteins 

 

ACE inhibitory peptides with rather diverse molecular properties exist in different food 

proteins. Firstly, it was reported ACE inhibitory peptides produced from food protein by digestive 

proteases like trypsin, chymotrypsin, and pepsin. Afterward, many other ACE inhibitory peptides 

have been discovered from enzymatic hydrolysates of different food proteins. The sources of these 

peptides are the structures as casein, whey protein, fish protein, gelatine protein, wheat germ, 
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gluten, soybean, kidney bean, egg, chicken protein, and blood plasma proteins. Table 1 provides 

some ACE inhibitory peptides derived from different food proteins. 

 

Table 1. ACE inhibitory peptides derived from some food proteins by digestive proteases (Li et al., 2004; 

Martin and Deussen; 2019). 

Peptide 

Sequence* 

Sources IC50** [µM] Reference 

KW Sardine (a fish) 01.63 Matsui et al., 1993 

VW  Wakame (a kind of seaweed grown in Japan) 02.50 Sarro et al., 1994 

LIWKL Lactoferrin (milk protein) 0.47 Ruiz-Gimenez et al., 

2012 

VY Beta-lactoglobulin (a whey protein) 05.30 Martin et al., 2008 

IW Alpha lactalbumin (a whey protein) 07.00 Martin et al. 2015 

GPP Buckwheat 06.25 Ma et al., 2006 

LKY Sesame 0.78 Nakano et al., 2006 

GPL Bovine 02.55 Kim et al., 2001 

IAP Wheat 02.70 Motoi et al., 2003 

VWP Rice 04.50 Chen et al., 2013 

FW Pea, Rice, Soy 09.50 Rudolph et al., 2017 

NIFYCP Ovalbumin (the main protein found in egg 

white) 

15.00 Fujita et al., 2000 

FQKPKR Chicken  14.00 Fujita et al., 2000 

YPK Broccoli 10.05 Lee et al., 2006 

ALPHA Dried bonito (a dried and fermented fish) 

muscle 

10.00 Matsumura et al., 

1993 

WL Alpha lactalbumin (a whey protein) 10.00 Martin et al., 2008 

AY Corn gluten 14.20 Yang et al., 2007 

FL Salmon (a fish) 13.60 Enari et al. 2008 

TQVY Rice 18.20 Li et al., 2007 

WPERPPQIP Walnut 25,67 Liu et al., 2013 

ALPMHIR Beta-lactoglobulin (a whey protein) 42.60 Mullally et al., 1997 

WLAHK Alpha lactalbumin (a whey protein)  77.00  

YKYY Wakame (a kind of seaweed grown in Japan) 64.20 Suetsuna and 

Nakano 2000 

AFKDEDTEE

VPFR 

Ostrich egg  80.20 Tanzadehpanah et 

al., 2013 

LAIPVNKP Soybean 70.00 Kuba et al., 2005 

AF Soy  165.30 Zuh et al., 2008 

* Peptides are short fragments of polypeptide structures formed by the binding of amino acids by peptide bonds. And, one-letter 

were amino acid codes: A; alanine, R; arginine, N; asparagine, D; aspartic acid, C; cysteine, Q; glutamine, E; glutamic acid, G; 

glycine, H; histidine, I; isoleucine, L; leucine, K; lysine, M; methionine, F; phenylalanine, P; proline, S; serine, T; threonine, W; 

tryptophan, Y; tyrosine, V; valine, O; pyrrolysine. **IC50 = inhibitor concentration, which is necessary to inhibit 50% of enzyme 

activity. 
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5. Influence of Lactic Acid Bacteria (LAB) on Formation of ACE Inhibitory Peptides  

 

The most important factor in the natural formation of ACE-inhibiting (ACE-I) peptides is 

microorganisms. In recent years, studies have been carried out especially on ACE-I peptides 

produced by the action of lactic acid bacteria (LAB). (Wang et al., 2010). These bioactive peptides 

encoded in the primary structure of proteins can be released during fermentation by the action of 

cell wall proteinases and intracellular peptidases of the LAB.  

Some studies related to the ACE-I peptides and the LAB have been conducted and the role 

of LAB on production of the ACE-I peptides have been investigated. For example, in a study 

(Moslehishad et al., 2013), it was determined that ACE-inhibitory activities of water-soluble 

extracts and peptide fractions of fermented bovine and camel milk by Lactobacillus rhamnosus 

PTCC 1637. The ACE-I inhibitory values were found IC50 values of in the range of 1.51 to 3.94 

mg mL−1. Additionally, it was observed that ACE-inhibitory value of cultured camel milk than 

bovine milk was higher, because of the presence of higher proline content in the primary structure 

of camel milk caseins. It was known that L. rhamnosus PTCC 1637 possesses a proteolytic system 

includes a proline-specific peptidase.  

In some studies, peptide concentrations of extracts and fractions of the peptides were also 

determined. In a study, IC50 value of the most potent ACE-inhibitory peptide fraction obtained 

from fermented bovine milk by Lactobacillus delbrueckii ssp. bulgaricus LB340 was determined 

as 67.71 mg mL−1 (Qian et al., 2011). In another study, the IC50 values of ACE-inhibitory activities 

of two peptide fractions (Val-Pro-Pro and Ile-Pro-Pro respectively) purified from skimmed milk 

hydrolysate produced by cell-free extract of Lactobacillus helveticus JCM1004 were determined 

as 9.13 and 5.15 μM, respectively (Pan et al., 2005).  

In a study conducted by Wang et al (2010), three cheddar cheeses were manufactured with 

0.1, 1 and 2% of Lactobacillus casei Zhang as the dairy starter adjunct. The ACE-inhibitory 

activity in the control cheese was 60.13%, while in the experimental cheeses with 0.1, 1 and 2% 

of adjunct culture the ACE-inhibitory activities were recorded as 91.45, 85.30 and 100%, 

respectively. In another study related cheddar cheese (Ong and Shah, 2008), three cheese were 

produced as control cheese without probiotic (control); probiotic cheese (A) with Lactobacillus 

acidophilus L10 adjunct; and probiotic cheese (B) with L. acidophilus L10 and Lactobacillus 

helveticus H100 adjuncts. Proteolysis in the cheeses with adjuncts bacteria increased, therefore, 

https://www.sciencedirect.com/science/article/pii/S0958694612002440#bib40


2nd International Conference on Agriculture, Technology, Engineering and Sciences (ICATES 2019)
 

www.icates.org   

 

ACE-inhibitory activity of the cheeses increased. It was determined that while ACE-inhibitory 

activity value of control sample was 30-35%, the values of A-sample and B- cheeses were ranges 

of 50-55% and 55-60% (as the results in the article were given by the figure only, the approximate 

expression was used).   

In a study which investigated the action of meat-borne some Lactobacillus spp. (Castellano 

et al, 2013), ACE inhibitory peptides were derived from sarcoplasmic and myofibrillar meat 

proteins by the action of Lactobacillus curvatus CRL705 and Lactobacillus sakei CRL1862 on 

sarcoplasmic proteins. While, of them, two peptides generated by L. sakei CRL1862 from 

sarcoplasmic extracts after 96 h of incubation showed inhibitory activities toward ACE of 54% 

and 50% respectively.  Two protein hydrolysates generated by L. curvatus CRL705 also, shown 

48% and 50% ACE inhibitory activities, respectively. 

Some studies have been conducted to observe the direct effects of microorganisms. In one 

of these studies (Chen et al., 2014), 259 Lactobacillus   helveticus   strains were isolated   from 

traditional Chinese and Mongolian fermented foods. It was determined that among  them,  37  

strains  had  an  ACEI  activity  of  over  50%, and, 3 strains (IMAU60208, IMAU30046, and 

IMAU30005) were exhibited the high ACEI activities upon gastrointestinal protease treatment 

(before treatment; 86.4, 83.6 and 80.2%, respectively, and after treatment; 94.2, 81.6 and 85.3%, 

respectively). In another study (Solieri et al., 2015), milk fermented with Lactobacillus casei 

PRA205 exhibited higher stronger ACE-inhibitory (IC50=54.57mg/mL) activities than milk 

fermented with Lactobacillus rhamnosus PRA331. Besides, L. casei PRA205 showed the highest 

production of ACE-inhibitory peptides Val-Pro-Pro and Ile-Pro-Pro, which reached concentrations 

of 32.88 and 7.52 mg/L after 87 and 96 h of milk fermentation, respectively. 

 

6. Conclusion 

 

In conclusion, treatment and alleviation of hypertension, the leading risk factor for all the 

cause of mortality of non-contagious diseases all worldwide (World Health Organization, 2019), 

is an important issue. Inhibitors of ACE are the first line of therapy for hypertension and ACE 

inhibitors are playing a very important role in alleviating hypertension. But, it is commonly 

observed that pharmaceutical ACE inhibitors have some side effects. Therefore, in recent years, 

the antihypertensive activity of ACE-inhibiting peptides from food has been a subject of 
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considerable attention. And, scientific studies on the production, characterization, and efficacy 

testing of these peptides that can be produced by different enzymes or microbial fermentation 

continues to evolve rapidly. With future studies, the oral bioavailability and pharmacokinetics of 

these peptides should be clarified, also, during food processing and, the sensitivity of these 

peptides to derivatization, which may lead to the formation of peptide analogues and other 

products, should be investigated. In addition, ACE-inhibiting peptides must either be resistant to 

the digestive tract or be formed in the digestive tract through the action of enzymes in the digestive 

tract. Therefore, bio precipitation is an important part of studies on these peptides. The relationship 

of antihypertensive peptides with their LABs, which contribute significantly to their formation in 

fermented products or in the digestive tract, is an issue that must be examined in every aspect. 

Besides, functional food diversity should be increased using the role of the lactic acid bacteria in 

obtaining these peptides should be exploited.        
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