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PREFACE 

Engineering and architecture disciplines have scientists who work on 

similar research topics with different perspectives or with similar 

perspectives on different subjects. In addition, the number of scientists 

working on interdisciplinary research is increasing day by day, thus 

providing valuable solutions to very important engineering / architectural 

problems. An important technology or perspective in a field can make a 

significant contribution to the solution of problems existing in other areas. 

For this reason, recognizing each other's work in different fields and 

encouraging the synthesis of these studies will create different perspectives 

and contribute to the solution of problems that have not been solved until 

today through interdisciplinary studies. 

In this book, the main goal is to bring scientists from different 

disciplines together, to open the horizons of scientists and to create new 

ideas for future joint interdisciplinary research. In line with this goal, this 

book contains studies from different disciplines in the fields of engineering 

and architecture. We would like to thank the authors who contributed to 

the creation of the book and the referees who contributed to the evaluation 

of the studies for their great efforts and wish the researchers success in their 

future work.s 
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CHAPTER I 

VISUALIZING THOUGHT: INVESTIGATIONS OF THE 

THIRD DIMENSION IN LANDSCAPE DESIGN STUDIO 

EXAMPLE 

Assoc. Prof. Dr. Arzu KALIN* 

*Karadeniz Technical University, Trabzon, Turkey  

e-mail: arzuk@ktu.edu.tr, Orchid ID: 0000-0003-2988-1916 

1. Introduction 

 Recently, digital drawing and modeling techniques provide numerous 

possibilities for perceiving, constructing, and manipulating the third 

dimension of design. Moreover, that contemporary landscape architecture 

education, like similar ones, extends these possibilities to every stage of 

training process is inevitable.  

2. Material and methods 

 In this respect, in the landscape design studio of senior students, we 

argued that starting a design with a three dimensional line was the first step 

of this process. We considered the project area among the skyscrapers as a 

volume. Thus, every student prepared their proposals in a changing frame 

from traditional drawing to digital three-dimensional modeling techniques. 

 Designing the third dimension of line in landscape design is always a 

problematic process, like in every design training process which is started 

with a line and resulted in a product.  In our design studio, which was 

conducted by five instructors with student groups of seven 

and implemented in the Department of Landscape Architecture in the 

Karadeniz Technical University, we investigated the third dimension of 

design process. The students were presented two different mass housing 

area and we asked them to determine an original concept and to create an 

environmental design. In the following step, I directed my students to 

design the area among the residences as a three-dimensional volume while 

determining their concepts, from the beginning. In the consequent step, 

there was an intense concept research. First of all, contemporary buildings, 

architects, environments, which applied 3D in a successful manner and 

relevant movements, were analyzed deeply. On this stage, every student 

tried to determine their own original concepts. 

 During the analysis process, what we searched for was actually how to 

get the “three-dimensional line”. Although we started on a plan, every 

student described their lines by considering the elements, which could be 

perceived as a construction system in which the lines could be increased 

by putting them successively, so which had a vertical depth. When lines 

crossed successively, every student used different modeling techniques 
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considering the design process. The only student who prepared her design 

with a model was Esma İşler. She applied her origami-based construction 

on the whole field by covering the whole of topography, the activity areas, 

and hard floor. Esma, whose project was one of the projects, describing the 

third dimension strongly, applied “The High Line” paving design sample 

to her field successfully [1]. In her design with the fashion concept, Elif 

Kıycı emphasized the third dimension by means of the coloring in shades 

in a computer program, CorelDraw. Two students who applied coloring 

technique in Photoshop were Harun Ünal and Harun Yetgin. They built up 

their designs by using the 3D modeling techniques while designing the 

activity areas and spaces. Moreover, Aybike Demirel started her design 

with an ecology concept. While defining and designing the details of all 

activity areas, she also used 3D modeling and determined decisions on the 

plan. Azer Özgür and Mine Dilikoğlu searched for the third-dimension by 

trying to transforming the intersections of lines, which were increased 

successively into the activity areas.  

3. Results 

 In the landscape design studio where the third dimension in design 

was investigated, all designs were constructed in 5 stages. 

 1. Concept development and creating design thinking lines 

 2. Overlapping design thinking lines in the plan and model 

 3. Development of overlapping lines in the third dimension 

 4. Spatial layering analysis 

 5. Activity-space and detail solutions 

 3.1 Concept development and creating design thinking lines 

 It is foreseen that a certain design concept will be selected during the 

concept development phase and that it will be developed as a design idea. 

At this stage, Elif, who determined the concept of Fashion as the starting 

point of her design idea by using the curves and texture of the fabric 

material (Figure 1). She abstracted the fabric folds (shrinking) and texture 

and used these lines in her design (Figure 2). 
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Fig. 1 Fashion as a concept and design idea. 

 

 

Fig. 2 Cloth shrinking and texture abstracts as design elements. 
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 “EK: The concept which I considered to design the volume among the 

residences was FASHION since in my opinion, fashion was the desire of 

the masses, and also it was one of the most efficient ways to reveal quality, 

comfort, inequality and an elite aesthetic perception. Furthermore, 

puckering, curling, and waving possibilities of fabric seemed inspiring for 

design. For this reason, I decided to use dress metaphor for my design. In 

this metaphor, main axe and residences symbolized the wave of dress 

fabric; and more detailed paving and furniture were constructing the 

linear analogy of cloth texture. Thus, linear construct of my design 

presented the main axe as a long and slight band which was puckered on 

some points while the activity areas were the layers above and below these 

smocking.” 

 

 

Fig. 3 Final design project by Elif Kıycı. 

3.2 Overlapping design thinking lines in the plan and model 

 At this stage, the students overlapped the linear elements they created 

from the concepts they determined, as different layers, in the plan and then 

on the model. Azer created her design by overlapping the curvilinear form, 

which she used as “Zero form”, both in the plan and on the model (Figures 

4 and 5). 
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Fig. 4 Layering process of design idea in a plan drawing. 

 “AÖ: I was searching Suprematism movement for concept of my 

design; and I thought that art actually could not be shaped with the 

inspiration of the concept “Zero of Form” and Malevich’s quotation “In 

a desperate attempt to rid art of the ballast of objectivity, I took refuge in 

the form of the square”[2]. The idea to use the “Zero of Form” as my 

concept came about at this point.  
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Fig. 5 Layering process of design idea on a model and the final model by 

Azer Özgür. 

 When reconsider it, art was such an abstract concept that it could not 

be shaped. Therefore, formal concept of design would not be shaped in a 

specific form since my concept was the “Zero of Form”. For this reason, I 

avoided taking refuge in a specific form such as square, circle, and 

triangle; and in my project, I aimed to catch this “shapeless” form within 

organic lines. Thus, my goal was to depict suprematist thoughts on that 

greed for worldly goods was worthless whereas humanity and brotherhood 

were perpetual which was related to my concept.” 
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 In the project, which is the second example of the same phase, Mine cut 

the lines she produced in the plan from the colorful papers and used them 

in the model and developed her project (Figures 6 and 7). 

 

Fig. 6 Layering process of design idea in a plan drawing and final project 

and model by Mine Dilikoğlu. 

 “MD: I supposed an artificial shore line passing through at the middle 

of the area among the skyscrapers, and sent waves from two opposite 

directions to this line. Therefore, I revealed a movement on the visual 

analogy of continuous movement of two crossed waves on my main axe. 

The lines gathered successively by these waves and intersections of these 

lines not only increased the visual effect of my design, but also provided 

possibilities to describe the activity areas in which the inhabitants 

gathered their memoirs, experiences, shares, interaction, and 

socialization.” 
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Fig. 7 Layering process of design idea on a model and the final project by 

Mine Dilikoğlu. 

 In her project, which is the last example of this group, Esma designed 

the linear elements directly on the model using origami and developed her 

project (Figure 8). 

 “EI: The reason of my choosing origami as the main concept of my 

design was to describe continuity on the ground and the third dimension. 

For this reason, first of all, I modeled the field in long, slight, and 

rectangular bands. Modeling hills by folding and lifting each band around 

the activity areas was facilitating to describe the topography in 3D, on one 

hand; and on the other hand, it was restrictive. Even so, in order to 

describe the third dimension more strongly, I placed a construction system, 

which I created by using origami techniques, on the main axe. I tried to 

eliminate the uniformity of the linear movement on the whole ground by 

using linear green spaces in different size and shapes and by making the 

construction on the middle axe transparent on some points.” 
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Fig. 8 Layering process by using origami and final project and model by 

Esma İşler. 

 3.2 Development of overlapping lines in the third dimension 

 At this stage, the space between the masses in the design area has been 

considered as a volume and how it will be designed is planned. In the first 

project to be given as an example of this stage, Harun Ünal has defined the 

purple colored main axes that will form the third dimension here (Figure 

9). In the second project, Harun Yetgin determined the main axis of the 

designed volume as a broken line and developed his design accordingly 

(Figure 10). 

 “HÜ: I decided to search for the concept of “dragonfly while making 

my investigation how to reflect the area among residences as a volume, on 

animals and their living quarters. It had an amazing wing system which 

had a capacity of moving through opposite directions simultaneously. 

Moreover, this wing system even became the source of inspiration in 

improving of a model of Skorsky’s helicopter [3]. Therefore, I was inspired 

by the wing movements of dragonfly on air which was designed by 

drawings on computer and crossed positions of these wings to develop the 

main axe. I designed the visual analogy of two wings of dragonfly with the 

help of two broken lines, crossed each other, on the main axe, and I 

designed one couple wings of dragonfly by means of the other broken lines, 

stuck in the main axe.” 
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Fig. 9 Main axe investigations in designed volume and final project by 

Harun Ünal. 

 

Fig. 10 Main axe investigations in designed volume and final model by 

Harun Yetgin 
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3.2. Spatial layering analysis 

 At this stage, the relationships between the different layers of the design 

are visualized. In the project, which is the first example at this stage, Harun 

Yetgin arranged a water-weighted main axis. The circulation axes, green 

areas and water areas accompanying the main axis have been determined 

as different spatial layers (Figure 11). In the second project, Harun Ünal 

determined the circulation axis system, wooden surfaces, greens in the 

pavement and water areas as spatial layers (Figure 12). 

 

Fig. 11 Space layering analysis and final project by Harun Yetgin 

 “HY: I constructed the theme of my design on transparency and 

permeability. The valley among residences suggested to me that I could 

create the third dimension by deepening the floor and filling the middle 

axe with water. Therefore, I decided to use water as the concept of my 

design. Every inhabitant of my design could make any activity on water 

which they desired. Thus, I created the main lines of my design by 

intersections of liner axes rising form the contours of the buildings.  
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Fig. 12 Space layering analysis and final project by Harun Ünal 
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 In the following steps, I deepened the floor of the valley to minus 

elevations for water field. Finally, I had an opportunity to use the vertical 

elevation on the valley side of the skyscrapers and this described to me the 

3D vertical movement.”  

3.3. Activity-space and detail solutions 

 At this stage, there are activity and space solutions regarding the formal 

approach in design. The three-dimensional details of the designed activities 

were created and the activity-space relations were visualized. In the first 

project of this stage, Harun Yetgin modeled the activity areas at two points 

on the main axis (Figure 13). 

 

Fig 13 3D renderings of activity, space and details. 

 In the second sample project, Aybike gives three-dimensional 

renderings of original and creative areas such as the perfume garden and 

the eating area (Figure 14). 

  “AD: I started shaping my project and activity areas by choosing the 

concept of ecology. My goal to choose this concept was to meet my 

inhabitant’s desire for natural green in some respect. For this reason, the 

inspiration source of main design would be “plant” which had a whole 

structure from its roots to leaves. Therefore, I tried to meet this green 

desire of these inhabitants in skyscrapers by creating activity areas and 

close residential environment, reached by means of an axe system, 

resembling the roots of a tree. In this respect, entrance to the area was 

13



 

very important for me since tiredness should start wiping out when the 

inhabitants arrived to the entrance; and they should feel that this tiredness 

disappeared in residences.”  

  

Fig. 14 3D renderings of creative activity spaces and final project by 

Aybike Demirel. 

 3. Conclusion 

 Three-dimensional thinking has always been a challenge in the design 

process, which should be handled as a complex system from the 

determination of the concept to the final design. Feedback and the 

interaction of the different stages in the design process are extremely 

important to cope with this challenge. As defined by the project process 

exemplified in the study, determining the next step of each step will make 

an extremely positive contribution to the success of any design project. 
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CHAPTER II 

FLORISTIC COMPOSITION OF CONIFEROUS FOREST 

BIOTOPES, THE CASE OF KURUCASILE (BARTIN/ 

TURKEY)1 

Asst. Prof. Dr. Burçin EKICI* & Prof. Dr. Metin SARIBAŞ** 

*Tekirdag Namık Kemal University, Faculty of Fine Arts Design and 

Architecture 59030 Tekirdag/ Turkey 

 e-mail: bekici@nku.edu.tr, Orcid ID: 0000-0002-2553-5656 

**Retired member of Bartın University, e-mail: metinsar@hotmail.com 

1. Introduction 

Environmental pressure groups are increasing in the developing world. 

Therefore, the importance of habitat protection is increasing and potential 

ways to support environmental protection efforts in the world are explored 

(Chokor, 1992). Vegetation and ecological classification are required for a 

broad assessment of ecosystem health and the continuity of endangered 

habitats and wildlife (Jensen et al., 2000). The field planning made based 

on ecological data determines the interaction between existing land uses in 

the landscape and the ecological criteria for land use accordingly. 

When making spatial planning, the changes that the land use alteration 

may cause on the biotope structure must be taken into account in order to 

ensure the continuity of flora and fauna as well as the functionality of 

ecosystems. This is because the biotope level is the first element to reveal 

the changes caused by field use. Besides, biotopes are areas, the borders of 

which can be drawn and which can be represented in cartography and they 

can easily be handled in planning. As one of the modern nature protection 

components, biotope mapping is very important for the protection of 

endangered, rare and valuable biotopes. 

The physical properties of the environment are closely related to the 

existing vegetation potential. Physiologically similar areas are classified 

by biotope mapping and an analytical approach is taken for wildlife 

protection planning. This enables evaluating the potential of the area and 

it also sets ground for the long- term protection planning and rehabilitation 

projects (Imanishi et al., 2005). Biotope maps can reveal the geographic 

distribution of vegetation types and explain the relationship between this 

distribution and one or more features of the environment (Küchler, 1984). 

The former landscaping studies can be explained with the help of existing 

                                                             
¹ This study was produced from the PhD thesis named “Mapping of the Biotopes 

in the Kurucasile (Bartin) Coastline and its Surrounding Areas”. 
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plants in the area and information about the ecology of the area in the past 

and present can be provided (Clare & Bunce, 2004). Thus, the factors that 

the biotope is exposed to and their severity can be revealed to determine 

the threats. 

When previous researches on biotope mapping are examined, it is 

observed that these maps are the basis of landscape planning and nature 

protection. In this research, analytical methods have been developed for 

wildlife habitat protection planning by classifying physiologically similar 

areas. Thus, threats against the natural environment are shown and changes 

in nature are revealed (Zohary, 1947; Küchler, 1984; Chokor, 1992; 

Mellink, 1993; Blab et al., 1995; Bastian, 1996; Hadjibiros, 1996; Jensen 

et al., 2000; Clare & Bunce, 2004; Imanishi et al., 2005; Müller et al., 

2003).   

In this research, coniferous biotopes of Kurucaşile (Bartın) and its 

vicinity are mapped. Thus, the changes caused in the biotope structure due 

to land use during spatial planning have been revealed in order to ensure 

the continuity of flora and fauna and the functionality of ecosystems. It is 

aimed to integrate the content of biodiversity with spatial planning and to 

reveal the effects of changes in land use on biodiversity. In addition, the 

natural potential of the area has been revealed by researching biotopes. 

When research results are used by planning authorities, economic and 

ecological benefits will be provided in terms of resource use, which may 

contribute to reduction or prevention of environmental pressures. 

2. Materials and methods 

Kurucaşile is established on an area of 1 546 km² on the Western Black 

Sea coast. The surface area is 159 km² (Çilsüleymanoğlu, 1996). The 

district is surrounded by the Black Sea, Bartin, Cide and Amasra on the 

north, south, east and west respectively. There are Cenozoic and Mesozoic 

sedimentary rocks in the research area. Çakraz formation, Himmetpasa and 

Gökcetepe formation and Cretaceous aged Kazpinari formation cover a 

large space in the area (Haner & Türk, 2000). The most common soil group 

in the district is gray brown podzolic soils. Alluvial soils, which occupy a 

very small amount, are usually located in the subsoil of the valley. These 

soils with sand, clay and miles form the most fertile areas. The area 

dominated by the temperate Black Sea climate, which can receive rainfall 

in all seasons, is in the “humid climate” group according to the water 

balance sheet prepared in line with Thornthwaite method. While the Euxine 

section of the Euro- Siberian floristic region prevails on the northern slopes 

of the area facing the Black Sea due to the warm and humid sea climate, 

Pseudo maquis elements are also seen from place to place. Kurucasile 

forests are predominantly composed of broad- leaved species and 
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coniferous taxa. The material of the study consists of coniferous forest 

biotopes in Kurucaşile district. Coniferous forest biotopes consist of Pinus 

brutia, Pinus nigra subsp. pallasiana and Pinus sylvestris.  

The study was carried out in three phases; analysis of the existing data 

of the area and the research subject, field studies and evaluation of the data 

obtained from field studies. In the first phase, information about vegetation 

and climate, soil, geological, geomorphological and hydrological data were 

collected to characterize the growth medium. In the second phase, floristic 

researches were started. In this context, field studies were carried out in the 

sample areas and a plant was collected for diagnostic purposes and a “Field 

study form” was completed for each sample area. With this form, data were 

obtained about cover value of herbaceous vegetation, amount, combination 

and dominance of species, cover ratio of woody vegetation, length of layers 

and the size, coordinates, growth medium characteristics and habitat value 

of the sample area. Species composition of vegetation cover and frequency 

of species in sample areas were determined by means of this field study 

form. Accordingly, the characteristic species representing the biotope type 

were determined. As vegetation is an indicator in floristic studies, Braun- 

Blanquet (1964) method was used to show the ecological structure. With 

this method, the amount of existing plants in an area covered with 

vegetation is determined by observation and coverage values are expressed 

as % of the total area (Braun- Blanquet, 1964). 

In the identification of the plants collected from the field and made into 

herbarium material, the herbarium of Hacettepe University Faculty of 

Science was used. In addition to herbarium facilities, especially, the works 

of Davis (1965- 1985), Davis et al. (1988) and Güner et al. (2000), as well 

as Symonds & Chelminsky (1958), Symonds & Merwin (1963), Tutin et 

al. (1964), Tutin et al. (1968- 1980), Hora (1981), Fitter et al. (1986), 

Yaltırık (1988), Schönfelder & Schönfelder (1990), Gibbons (1993), 

Yılmaz (1993), Baytop (1997), Uluocak (1994), Schönfelder & 

Schönfelder (1995), Seçmen et al. (1995), Yaltırık & Efe (1996), Kremer 

(1998), Erik et al. (1998), Zeydanlı et al. (1999), Altan (2000), Ekim et al. 

(2000), Durmuşkahya (2006), Akman et al. (2007), Namıkoğlu (2007) and 

Özhatay et al. (2010) were used. 

3. Results 

Coniferous forest biotopes detected in the research area are Pinus 

sylvestris L., Pinus nigra Arnold. ssp. pallasiana (Lamb.) Holmboe and 

Pinus brutia Ten. Pinus brutia communities which grown at a high 

temperature, are seen in the coastal areas and southern slopes. Pinus nigra 

subsp. pallasiana and Pinus sylvestris forest biotopes which are resistant 
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to drought, are dominate in the holes between valleys and on the southern 

view. 

Coniferous forest biotopes are mainly dominated by Pinus sylvestris; 

Pinus sylvestris is a species requesting low temperature and water and not 

affected by spring frosts. As it is resistant to frost and drought, it is the 

dominant tree of forests on the northern slopes of the Black Sea mountains 

and on the narrow valley bases.  (Figure 1). It has been observed that it is 

mostly located on northern view in very sloping areas. 

  

Figure 1. Pinus sylvestris societies and map of these biotopes in the 

research area (Ekici, 2012) 

Pinus sylvestris biotopes are mixed with Pinus nigra ssp. pallasiana on 

the southern hillside. Abies nordmanniana subsp. bornmuelleriana is also 

included in this mixture at low altidudes. Pinus sylvestris, accompanied 

by Carpinus betulus, Fagus orientalis, and Populus tremula species, form 

small groups in the vicinity of Buyukcubuk, Kiran Hill and Kayaliksuyu, 

which receive cooler and damp winds from the north and dominated by 

medium depth soils. It is mostly spread through the gray brown podzolic 

soils dominated by red sandstone, claystone bedrock. This biotope is 

accompanied by woody plants such as; Arbutus unedo, Cornus sanguinea, 

Corylus avellana var. avellana, Rhododendron ponticum subsp. ponticum, 

Rosa canina, Rubus caesius, Buxus sempervirens, Cistus creticus, Cornus 

mas, Crataegus microphylla, Erica arborea, Juniperus communis subsp. 

nana, Smilax excelsa and Vaccinium arctostaphylos. The most common 

herbaceous vegetation cover in research areas consist of; Anagallis 

arvensis var. arvensis, Crepis foetida subsp. rhoeadifolia, Euphorbia 

amygdaloides var. amygdaloides, Hypericum perforatum, Petasites 

hybridus, Rumex conglomeratus, Rubia peregrina, Sambucus ebulus and 

Torilis arvensis subsp. arvensis and dominant taxa is Dryopteris filix- mas 

(Table 1). 

19



 
 

 

 

Table 1. Vegetation analysis of forest biotopes dominated by Pinus 

sylvestris (Abbreviations: Rss: Red sandstone- claystone, Ldl: Limestone- 

dolomitic limestone, Gbp: Gray brown podzolic, Ryp: Red yellow 

podzolic) 

Research area number 1 2 3 4 5 6 Availa-

bility  

View  N S NE N S N  

Slope (%) 55 50 50 30 60 45 

Dimensions of the area 

(m²) 

400 400 400 400 400 400 

Geological structure Rss Rss Ldl Rss Ldl Ldl 

Soil structure Gbp Gbp Gbp Ryp Gbp Gbp 

Tree species Vegetation cover 

Pinus sylvestris 2 2 1 3 2 1 6 

Carpinus betulus +   + +  3 

Castana sativa 1 1 +  1  3 

Abies nordmanniana 

subsp. bornmuelleriana 

 1    1 2 

Fagus orientalis    1  + 2 

Pinus nigra  1    + 2 

Populus tremula +   1   2 

Quercus cercis var. cercis   1    + 2 

Quercus infectoria subsp. 

infectoria 

  +   + 2 

Shrub species 

Juniperus communis 

subsp. nana  

1 2 + 2  1 5 

Cornus mas   +  + 1 3 

Rhododendron ponticum 

subsp. ponticum 

1 2    1 3 

Rosa canina   1  1 2 3 

Herbaceous species 

Dryopteris filix- mas 2 2 2 1 1 2 6 
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Euphorbia amygdaloides 

var. amygdaloides 

+ + 1  + 1 5 

Hypericum perforatum + 1  1 + 1 5 

Rumex conglomeratus +  + + + 1 5 

Anagallis arvensis var. 

arvensis 

  + + + 1 4 

Crepis foetida subsp. 

rhoeadifolia 

1 1   + 1 4 

Petasites hybridus 1  1  1 + 4 

Rubia peregrina 1 +   + + 4 

Sambucus ebulus 1 1 1   1 4 

Torilis arvensis subsp. 

arvensis  

+   + + 1 4 

Agrostis capillaris 1 1  1   3 

Anacamptis pyramidalis  + r  +  3 

Asplenium trichomanes   1  1   + 3 

Barbarea vulgaris 1 +  +   3 

Briza maxima + +   +  3 

Dorycnium graecum 1 2  2   3 

Galium palustre  1  +  +  3 

Hedera helix    + + 1 3 

Hordeum murinum 

subsp. leporinum var. 

leporinum 

+ 1 +    3 

Primula vulgaris subsp. 

vulgaris 

 1 +   + 3 

Ranunculus 

constantinopolitanus 

1 1 1    3 

Sophora jaubertii   2 1 1  3 

Trifolium campestre   1  +  3 

Trifolium ochroleucum 1 1 1    3 

Dominant species Dryopteris filix- mas 

Research areas: Buyukcubuk (1; X: 4624200 Y: 466325), Meryemler (2; X: 

4625225 Y: 474650), Kayaliksuyu (3; X: 4627100 Y: 466925), Kiran Hill (4; X: 
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4624124 Y: 473750), Geyliksuyu (5; X: 4631950 Y: 478925), Kapisuyu (6; X: 

4631075 Y: 479275), Area 1: Cistus creticus (+), Anthemis cretica subsp. pontica 

(+), Centaurium erythraea subsp. erythraea (r), Cirsium hypoleucum (+), Holcus 

lanatus (1), Mentha aquatica (+), Plantago lanceolata (+), Prunella vulgaris (+), 

Area 2: Corylus avellana var. avellana (+), Centaurium erythraea subsp. 

erythraea (+), Dactylis glomerata subsp. hispanica (1), Dryopteris abbreviata (1), 

Ophyris oestrifera subsp. oestrifera (+), Plantago lanceolata (+), Plantago major 

subsp. major (+), Potentilla reptans (+), Rumex crispus (+), Area 3: Buxus 

sempervirens (r), Crataegus microphylla (+), Rubus caesius  (1), Bellis perennis 

(+), Convolvulus arvensis (+), Foeniculum vulgare (r), Fragaria vesca (+), 

Geranium dissectum (r), Ophyris oestrifera subsp. oestrifera (+), Potentilla 

reptans (+), Prunella vulgaris (+), Area 4: Cornus sanguinea  (+), Erica arborea 

(+), Smilax excelsa (1), Cynosurus echinatus (1), Lamium purpureum var. 

purpureum (1), Lolium perene (+), Area 5: Dryopteris abbreviata (1), Foeniculum 

vulgare (+), Rumex crispus (+), Area 6: Anthemis triumfettii (+), Bellis perennis 

(+), Coronilla varia subsp. varia (1), Geranium dissectum (+), Salvia forskahlei 

(1). 

Coniferous forest biotopes are mainly dominated by Pinus nigra ssp. 

pallasiana; Pinus nigra ssp. pallasiana biotopes, which  is  resistant  to  

winter  cold  and  drought, are  mostly  located  in  the  inner  parts. These 

biotopes spread mostly around Doganci and Kanatli and the southern 

slopes of Yukari and Yanik hill, at approximately 400- 700 m (Figure 2). 

These biotopes are mixed with Pinus pinaster and leafy trees in this areas. 

Pinus nigra ssp. pallasiana communities are mixed with Quercus 

infectoria subsp. infectoria and Castanea sativa in Dogancı and Kanatli 

where marl, clayey limestone and sandstone bedrock dominates. 

 

Figure 2. Pinus nigra ssp. pallasiana societies and map of these biotopes 

in the research area (Ekici, 2012) 

Some pseudo maquis elements like Pistacia terebinthus subsp. 

terebinthus, Cistus creticus, Cistus salviifolius, Erica arborea and 

Juniperus oxycedrus subsp. oxycedrus where destroyed the Pinus nigra 

ssp. pallasiana forests, are seen in the research area. Other woody species 

identified in these localities; Ostrya carpinifolia, Populus tremula, Prunus 

spinosa subsp. dasyphylla, Rosa canina, Rubus caesius and Rubus hirtus. 
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Having limited occupancy as well as the openings in the forest and the 

forest edges allow for the development and diversification of herbaceous  

vegetation. The dominant herbaceous species of the biotope are; Anthemis 

cretica subsp. pontica, Briza media, Dorycnium graecum, Dryopteris filix- 

mas, Hedera helix, Salvia forskahlei, Sambucus ebulus, Sophora jaubertii, 

Tanacetum corymbosum subsp. cinereum and Trifolium campestre (Table 

2). 

Table 2. Vegetation analysis of forest biotopes dominated by Pinus nigra 

subsp. pallasiana (Abbreviations: Rss: Red sandstone- claystone, Mcl: 

Marl-clayey limestone, Mcst: Marl- claystone- sandstone- tuff, Esct: 

Exfoliation sandstone- claystone- tuff, Ryp: Red yellow podzolic Gbp: 

Gray brown podzolic) 

Research area number 7 8 9 10 Availab

il-ity 

View N N N N  

Slope (%) 65 65 60 50 

Dimensions of the area (m²) 400 400 400 400 

Geological structure Rss Mcl Mcst Esct 

Soil structure Ryp Gbp Gbp Gbp 

Tree species Vegetation cover 

Pinus nigra subsp. pallasiana 2 2 2 2 4 

Carpinus betulus 1   1 2 

Castanea sativa  1 1  2 

Ostrya carpinifolia  + +  2 

Populus tremula +  +  2 

Prunus avium   1 + 2 

Quercus cerris var. cerris  +   + 2 

Quercus infectoria subsp. 

infectoria 

1  +  2 

Shrub species 

Cistus creticus   + +  2 

Cornus mas  +   1 2 

Corylus avellana var. avellana  1   1 2 

Erica arborea   + +  2 
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Juniperus oxycedrus subsp. 

oxycedrus 

 + +  2 

Pyracantha coccinea +   + 2 

Rosa canina   + +  2 

Rubus hirtus   + +  2 

Vaccinium arctostaphylos +   r 2 

Herbaceous species 

Dryopteris filix- mas 2 1 1 2 4 

Briza media  1 + + 1 4 

Dorycnium graecum 2 + + 2 4 

Anthemis cretica subsp. pontica 1 + +  3 

Hedera helix 2 1  1 3 

Salvia forskahlei 2 2  1 3 

Sambucus ebulus 1 1  1 3 

Sophora jaubertii 1 2 + 2 3 

Tanacetum corymbosum subsp. 

cinereum  

+ +  + 3 

Trifolium campestre 1 + 1  3 

Avena barbata subsp. barbata 1   1 2 

Briza maxima +   1 2 

Cerastium glomeratum  1 2  2 

Chamaecytisus hirsutus    + + 2 

Cirsium vulgare  1 +   2 

Crepis foetida subsp. rhoeadifolia  1   1 2 

Cynosurus echinatus + +   2 

Dactylis glomerata subsp. 

hispanica 

1   1 2 

Euphorbia amygdaloides var. 

amygdaloides 

1   + 2 

Juncus effusus + +   2 

Primula vulgaris subsp. vulgaris  r  + 2 

Ranunculus constantinopolitanus +   1 2 
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Rumex conglomeratus +   + 2 

Dominant species Dryopteris filix- mas 

Research areas: Yukaritasca (7; X: 4627425 Y: 466850), Doganci (8; X: 4631325 

Y: 474575), Kanatli (9; X: 4629350 Y: 466300), Yanik Hill (10; X: 4627900 Y: 

466450), Area 7: Carduus nutans (+), Lysimachia verticillaris (r), Area 8: 

Pistacia terebinthus subsp. terebinthus (r), Cistus salviifolius (+), Rubus caesius 

(+), Area 9: Prunus spinosa subsp. dasyphylla (r), Euphorbia cyparissias (+), 

Area 10: Pinus pinaster (1), Convolvulus arvensis (+), Hieracium pannosum (+), 

Plantago lanceolata (+), Trifolium lappaceum (+). 

Coniferous forest biotopes are mainly dominated by Pinus brutia Ten.; 

Pinus brutia biotopes, which spreads mostly in coastal areas in the research 

area, are locally located on the slopes facing the shore. These biotopes 

which form forests as the dominant trees at low altitudes, are seen on the 

narrow coastal strip between 100 and 200 m. Pinus brutia biotopes seen 

Aydogmus, Alapinar and Obruk which along the coastal zone and along 

the valleys the sea effect (Figure 3). 

  

Figure 3. Pinus brutia societies and map of these biotopes in the research 

area (Ekici, 2012) 

Pinus brutia, which is not selective in soil requirements, grows in 

moderately deep, moist- arid and acid- alkaline soils up to 200 m from the 

shore in the research area. It was determined that the taxon spread around 

Aydogmus and Obruk, especially in calcareous and sandy soils. Sandstone 

and limestone bedrock dominate these areas. Pinus brutia, which is an 

opinionated species, can live in different ecological conditions in the area. 

However, there are significant differences in the number of species and 

participation rates of the accompanying plant species. Pseudo maquis 

elements are found up to a height of about 200 m on the coastline. It has 

been observed that in some parts of the Pinus brutia biotopes seen along 

the coastal zone and along the valleys with the sea effect. In the areas where 

the forests are destroyed, the composition is accompanied by maquis 

species like Arbutus unedo, Cistus creticus, Cotinus coggyria, Juniperus 

oxycedrus subsp. oxycedrus, Laurus nobilis, Paliurus spina- christi, 
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Phillyrea latifolia, Pistacia terebinthus subsp. terebinthus, Quercus 

coccifera, Quercus petraea subsp. iberica, Rhus coriaria and Spartium 

junceum. Anthropogenic effects have been observed in some part of 

biotopes and ruderal vegetation has been determined in these areas which 

increase the diversity of herbaceous species. Centaurea calcitrapa var. 

calcitrapa, Datura stramonium, Euphorbia amygdaloides var. 

amygdaloides, Malva alcea, Plantago lanceolata, Rumex conglomeratus 

ve Scabiosa atropurpurea subsp. maritima Centaurea taxa constitute a 

large space in these areas (Table 3). 

Table 3. Vegetation analysis of forest biotopes dominated by Pinus 

brutia (Abbreviations: Rss: Red sandstone- claystone, Mcl: Marl-clayey 

limestone, Ldl: Limestone- dolomitic limestone, Ryp: Red yellow 

podzolic Gbp: Gray brown podzolic) 

Research area number 11 12 13 Availability 

View N N S  

Slope (%) 60 50 60 

Dimensions of the area (m²) 400 400 400  

Geological structure Rss Mcl Ldl 

Soil structure Ryp Gbp Ryp 

Tree species Vegetation cover 

Pinus brutia  1 1 + 3 

Laurus nobilis + +  2 

Quercus petraea subsp. iberica + +  2 

Shrub species 

Cistus creticus + +  2 

Juniperus oxycedrus subsp. 

oxycedrus  

+ +  2 

Rhus coriaria + +  2 

Herbaceous species 

Hedera helix  2 + 1 3 

Rumex conglomeratus 1 1 + 3 

Salvia tomentosa  2 1 2 3 

Anagallis arvensis var. arvensis 1  1 3 

Avena barbata subsp. barbata  + 1 3 

26



 
 

 

 

Blackstonia perfoliata subsp. serotina   + + 2 

Calamintha nepeta subsp. glandulosa + 1  2 

Centaurea calcitrapa var. calcitrapa  1 + 2 

Clematis vitalba 1  + 2 

Coronilla varia subsp. varia  2  + 2 

Crepis foetida subsp. rhoeadifolia 1  1 2 

Euphorbia amygdaloides var. amyg. 1  + 2 

Geranium robertianum 1  + 2 

Iris germanica + +  2 

Plantago lanceolata   1 + 2 

Rubia peregrina 1 1  2 

Sambucus ebulus  1 1 2 

Dominant species Hedera helix 

Research areas: Aydogmus (11; X: 4627250 Y: 472250), Alapinar (12; X: 

4631725 Y: 474225), Obruk (13; X: 4625175 Y: 478525), Area 11: Pistacia 

terebinthus subsp. terebinthus (r), Quercus coccifera (+), Arbutus unedo (+), 

Phillyrea latifolia (+), Rubus caesius (1), Arum maculatum (1), Convolvulus 

arvensis (1), Euphorbia seguieriana subsp. seguieriana (+), Helleborus orientalis 

(+),Lamium purpureum var. purpureum (1), Onopordum tauricum (r), Senecio 

aquaticus subsp. erraticus (+), Torilis japonica (+), Hordeum murinum subsp. 

leporinum var. leporinum (+), Orobanche minor (r), Area 12: Cotinus coggyria 

(r), Paliurus spina- christi (+), Spartium junceum (+), Calystegia sepium ssp. 

sepium (+), Campanula rapunculoides subsp. rapunculoides (1), Centaurium 

pulchellum (r), Datura stramonium (+), Galium verum subsp. verum (+), Genista 

tinctoria (1), Malva alcea (r), Origanum vulgare ssp. vulgare (2), Osyris alba (+), 

Pallenis spinosa (+), Prunella vulgaris (1), Scabiosa atropurpurea subsp. 

maritima (1), Scolymus hispanicus (+), Torilis arvensis subsp. arvensis (+), 

Trifolium pratense var. pratense (1), Area 13: Carpinus betulus (+), Castanea 

sativa (+), Quercus infectoria subsp. infectoria (+), Ligustrum vulgare (+), 

Rhododendron ponticum subsp. ponticum (1), Rosa canina (1), Smilax excelsa (+), 

Hypericum bithynicum (1). 

4. Discussion 

The ecological planning approach forms the basis of efficient and 

balanced use of natural resources. However, today, it is observed that 

critical environmental problems occur due to the plans made without 

considering the ecological and functional integrity of natural systems. 

Ecological information should be integrated in management decisions and 

planning to ensure the continuation of biodiversity. Damaged habitats 

should be planned by planners and designers in such a way that the 
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negative impact is minimized and the habitat value is increased. Biotope 

mapping is crucial for nature protection and for making land use decisions. 

Within the scope of this study, in which the coniferous forest biotopes 

that spread around Kurucasile (Bartin) coastline and its vicinity are 

mapped, detailed data about the flora and its habitats were collected. With 

the acquisition of biotope inventory, it will be possible to determine the 

natural resources of the region, to protect and use, to minimize the 

environmental effects threatening its immediate environment and to 

transfer natural values to future generations in a healthy way. 

When the degeneration amount of existing biotopes in the research area 

is observed, it is very likely to see that the amount of distortion increases 

as you approach the settlement. Field observations confirm this increase, 

especially from the interior areas to the coastal areas. In order for the 

damaged areas to renew themselves, first of all, degeneration caused by the 

use of forest products and land uses should be taken under control. 

Coniferous forest biotopes dominated by Pinus sylvestris, Pinus nigra 

ssp. pallasiana ve Pinus brutia, which spread in the research area, covers 

an area of 910 ha. When the spatial distribution of these biotopes is 

examined, it is seen that the forests dominated by Pinus sylvestris 

distinguish, which is followed by Pinus nigra ssp. pallasiana forests.  The 

forest biotopes dominated by Pinus brutia is the least observed. 

Pinus sylvestris societies, which occupy the most area among the 

coniferous forest biotopes with 407 ha, establish forests as dominant trees 

on the north- facing slopes and narrow valley bases of the mountains. 

Biotopes are generally seen in northern parts. On the other hand, ecological 

sensitivity caused by drought occurs in the southern slopes. Carpinus 

betulus, Fagus orientalis and Populus tremula species accompanying 

Pinus sylvestris offer unique views with its altering colors in autumn. 

Considering the visual effects of these forests and their contribution to 

recreation, it is recommended to evaluate them in terms of nature tourism 

by taking necessary protection measures. Due to the wood of Quercus sp., 

which is mixed in these biotopes, it is exposed to illegal cuts and the intense 

intervention of the local people collecting Castanea sativa fruit. Therefore, 

these areas are open to social pressure. However, these biotopes host 

endemic Abies nordmanniana subsp. bornmuelleriana and Anacamptis 

pyramidalis geophytes. For this reason, it is an area that should be 

protected in terms of the importance of highly natural areas and the value 

of plant species conservation. 

Pinus nigra ssp. pallasiana is the second largest biotope among the 

coniferous fores biotopes with its 307 ha area. The drought- tolerant 

species is generally seen in small amounts in pits between the valleys and 
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on southern parts. Pinus nigra ssp. pallasiana societies mix with Ostrya 

carpinifolia, Quercus cerris var. cerris, Quercus infectoria subsp. 

infectoria and Castanea sativa on the lower slopes of Doganci, Kanatli and 

Yanik Hill with a sea climate. Local people make extensive use of these 

trees. Therefore, these biotopes are open to human intervention. In the 

study, Euphorbia cyparissias taxon, which is a new record for the area, 

was detected (Figure 4). These areas, which are very rich in plant variety, 

are sensitive biotopes that require urgent protection. For this reason, it is 

necessary to take the necessary protection measures in degenerated areas. 

 

Figure 4. Euphorbia cyparissias taxon detected for the first time in the 

research area (Ekici, 2012) 

In Pinus nigra ssp. pallasiana forest biotopes, Castanea sativa, Prunus 

avium, Prunus spinosa subsp. dasyphylla fruit trees and fruit bushes such 

as Cornus mas, Corylus avellana var. avellana, Rosa canina, Rubus 

caesius and Rubus hirtus occupy a large space. In afforestation and 

rejuvenation studies in biotopes, it is recommended to secure the presence 

of these taxa. Thus, the continuity of ecological life will be ensured and the 

ethnobotanical use of the forests by people will be increased. 

In the research area, small sets of coniferous forest biotopes dominated 

by Pinus brutia requiring high temperature are seen in the coastal region 

and along the valleys where sea effect penetrates. These biotopes, where 

Mediterranean vegetation elements are seen extensively, cover an area of 

approximately 196 ha. 

It has been observed that in some parts of biotopes, social pressure 

increases and environmental pollution occurs due to construction and 

household wastes. In these areas where anthropogenic effects are 

frequently observed, pseudomaceous elements such as Cistus creticus, 

Rhus coriaria and Spartium junceum have been observed to gradually 

cover the points of destruction. Anthropogenic effect on these biotopes 

should be prevented and necessary sanctions should be applied 

immediately. They need to be protected ecologically due to their natural 

scenery effect as well as their vegetative potential. 
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1. Introduction 

University campuses are one of the green and open urban spaces that 

include both structural and vegetative elements. With its large green space 

potential, a-well designed campus landscape contributes to the social and 

cultural life of students by enabling outdoor activities and promotes the 

natural ecosystem of the environment. Most of the students and academics 

are unaware of how much the campus landscape in which they spend a 

significant amount of time can affect them. However, natural landscapes 

in a well-designed campus have many positive physical and spiritual 

effects on people (Zhou, 2017; Seitz et al., 2014; Lau et al., 2014; Lau and 

Yang, 2009). Spending time physically on campus is not the only option to 

feel this effect. Even if the windows of the office, laboratory, or classroom 

have a natural green view, the positive effect of the green spaces can be 

felt. According to a study performed by Tennessen and Cimprich (1995), 

students who had a view of green spaces from their dormitory windows 

performed significantly better on the attentional tasks than students that 

have less natural green views from their dormitory windows. It has been 

proven by various studies that the natural environment improves attention 

on tasks of people and significantly reduces stress (Mennis et. al., 2018; 

Chang and Bae, 2017; Lambert et al., 2015; Seitz et al., 2014; Kaltenborn 

and Bjerke, 2001; Tennessen and Cimprich, 1995; Ulrich et al., 1991; 

Kaplan and Kaplan, 1989). Besides, stress recovery is faster and complete 

when ones are exposed to natural settings rather than the non-natural urban 

environments (Ulrich et al., 1991). Natural environments on campus don’t 

mean just aesthetic appeal value.  There should be a peaceful and stress-

free green space for students and staff (Griffith, 1994). Scientific studies 

have proven that university students prefer open green spaces when they 

are stressful, upset or depressed due to reasons such as being under the 

pressure of study hard, economic problems, personal or family problems 

(Seitz et al., 2014; Lau et al., 2014). Open green areas with natural 

environments on campuses provide ones to cope with stress (Lau et al., 

33

mailto:xxxxxx@xxx.edu.tr
https://orcid.org/0000-0002-8947-1938


 

 

2014), physiologically and physically well-being (Speake et al., 2013), and 

feeling calm and peace by being in nature. Furthermore, students' 

awareness of nature is supported by green areas in the campus landscape.  

Another important factor is that the quality and quantity of green areas 

on campuses are important for people as well as for natural life. With a 

well-designed campus landscape, it is provided a positive contribution to 

the urban by employing increased plant diversity and green areas. With its 

large green space potential and natural environment, campus areas add 

value to the lives of habitats thereby preserving biodiversity 

(Rakhshandehroo et al., 2017).  

According to Hanan (2013), when it comes to “campus design”, studies 

usually focused on the architectural structure rather than the students’ 

needs and expectations. Most of the studies have handled the vegetative 

design of campus as an ordinary landscape design and ignored students’ 

views during the design process of campus (Lin and Dong, 2018; 

Hajrasouliha and Ewing, 2016; Banning and Kaiser, 1974). As Johnson 

and Castleden (2011) stated there are very few campus design studies 

conducted by seeking students' opinions apart from senior managers, 

donors, designers, and planners. The study performed by Peker and Ataöv 

(2019), examined how open space design affects students’ learning process 

through exploratory inquiry. They concluded that the physical environment 

as a powerful component has a positive effect on students' learning process.  

Today, unlike traditional design approaches, modern design 

approaches, in which users are indirectly and\or directly involved in the 

design process, are in demand. It differs from other design methods in 

terms of ensuring user participation. If people living in the region are 

included in the design and planning process by paying attention to opinions 

of them, the outputs are expected to satisfy them (Atwa et al., 2019), which 

should be one of the top priorities of designers. Ozdemir (2019), 

emphasized the importance of participatory approach while designing 

playgrounds that contribute to the psychological, social, and physical 

development of children. In another study, Xu et al., (2020) used 

participatory approach as a mapping method to identify suitable areas for 

the Silk Road cultural landscape corridor planning in Zhangye, China. 

These kinds of researches focus on the participatory approach by 

incorporate the users and acquire feedbacks, which will help designers 

within the long-term decision-making process so on optimize designs and 

meet users’ needs. Some studies show that the use of common design 

alternatives arising from user-designer relationships should be encouraged 

in areas such as landscape management and landscape planning (Murgue 

et al., 2015). According to Mahayudin et al. (2015), the campus landscape 
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design should consider user needs and should be attractive and interesting 

with its appearance at every season for ones who lives in. 

This study focused on the campus landscape design with a participatory 

approach by incorporating users and designers with an environmentalist 

and socio-cultural perspectives. The main purpose of the study was to 

propose a vegetative landscape design on a suitable land within the Van 

Yuzuncu Yil University (Van YYU) campus according to the students’ 

demands and gaps that were identified with the survey. The design was 

evaluated by the 30 students who studying at the Faculty of Architecture 

and Design at the Van YYU through a 3D video presentation. Second aim 

of the study is to increase the level of awareness of students towards the 

environment they live in.  

2. Materials and methodology  

2.1. Material of study 

Van YYU is a higher educational institution established on the edge of 

Lake Van. The university is located in the eastern part of Turkey, and 15 

km away from the city center (Fig. 1). Van YYU Zeve campus is located 

on 720 hectare area on the shore of Lake Van. The university was 

established on July 20, 1982. The university provides education with 15 

faculties, 5 institutes, 13 graduate schools, and 14 research centers. The 

university continues its education and training activities at the four 

different campuses, these are Zeve, Gevas, Ercis, and Ozalp campuses. The 

university has an Erasmus Exchange Program agreement with 21 

universities from eight countries in Europe. Approximately, 30.000 

students including associate, undergraduate, graduate, doctorate, and 

foreign students receive education at the Van YYU. Opinions of 300 

students studying in any department and evaluation of 30 students of 

Faculty of Architecture and Design about the campus vegetative landscape 

design of Van YYU were the basic materials of the study. 

The Van YYU Zeve campus site plan, where this study was carried out, 

was presented in Figure 2 to cover main buildings, main road networks, 

gates, and open green areas.  
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Fig. 1 Location of the Van YYU Zeve Campus over Turkey, Van province, 

and Tusba District. 

 

Fig. 2 The Van YYU Zeve Campus site plan with main buildings, main 

road networks, gates and open green areas. 

2.2. Methodology 

The first step of the study was to reveal the deficiencies of campus 

vegetative landscape design according to the students' point of view 

through a participatory approach. To discover users’ perception of the Van 

YYU campus vegetative landscape, a survey with eleven questions was 

asked to 300 students. The survey was conducted with face-to-face 

interviews for three weeks in June 2019. The survey was designed to reveal 

students' expectations from the campus open green spaces in terms of 

vegetative compositions, elements they deem insufficient, and the 

functions they need. In the second step, a landscape design proposal was 

made by considering these expectations in the appropriate area within the 

Van YYU campus. AutoCAD was used for drawing the 2D plan; SketchUp 

and Realtime Landscaping Architect programs were used for 3D modeling. 

In the third step, the video presentation of the design was presented to the 
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student group of 30 people. Since this student group consists of 

undergraduate and graduate students studying at the Faculty of 

Architecture and Design, we have defined this group as an expert. In the 

last step, we commented on the feedback we received from the students. 

The flowchart of the study is given in Figure 3. 

 

 

 

 

Fig. 3 Flowchart of methodology 

2.2.1. Participatory approach 

A participatory design approach has its own methodological 

orientation, methods, and techniques (Spinuzzi, 2005). Desk-based 

research, surveys, observations, interviews, and interactive polling are 

some of the participation methods. In participatory design, involving the 

user information as a resource that will contribute to the design process 

forms the basis of participation. Xu et al., (2020) stated that direct or 

indirect data collection ideas or approaches might be used to take the ideas 

of residents while making design, planning, or management decisions. 

While direct methods involve one-to-one communication with individuals 

or groups, indirect methods include involving people in any evaluation 

process. The participatory approach provides sustainable and fine quality 

outputs, also it contributes to individual achievements. Since people would 

like to express themselves and participate directly in the design process 

(Sanders, 2002), people's sensitivity to the environment they live in is 

supported with the participatory approach. Another benefit of this method 

is that, the designer is assisted in creating areas where users will enjoy 

being in it (Spinuzzi, 2005).  

3. Results and discussion 

3.1. Students’ characteristics 

The 300 respondents comprised 156 (52%) females and 144 (48%) 

males, 214 (71.3%) of whom are undergraduate and 86 (28.7%) are 

postgraduate students. Respondents’ ages were ranged from 18 to 27. The 

numbers of undergraduate, graduate and doctoral students for female and 

male students participating in the survey were shown in Table 1. 
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Table 1 Number of undergraduate, graduate and doctoral students for 

female and male students participating in the survey. 

Number of students 

 Undergraduate Graduate Doctoral 
Female 110 35 11 

Male 104 28 12 

 

3.2. Students’ perception on Van YYU campus landscape 

Survey questions and rates were represented as tables in Appendix A. 

In this section, we evaluated the students' perceptions of the Van YYU 

campus landscape based on their answers to the questionnaire. 

According to the evaluation of the survey, we saw that most of the 

participants were not pleased with the Van YYU campus landscape. When 

it was requested to score the campus vegetative design on the five-scale 

Likert (Likert, 1932), the majority of the participants gave scores: 2 (not 

very good) and 1 (not at all). The insufficient open green space and plant 

diversity, the dominance of structural elements, and untidy planting were 

defined as disturbing elements in campus design. Generally, students 

agreed on the lack of utilizations, shade trees, vegetative diversity, and 

urban furniture that allow them to spend time in the outdoors at the campus. 

Most of the students thought that trees, shrubs, lawns, and seating units like 

gazebo, bench, and pergola were inadequate on the campus. Additionally, 

they stated that firm ground covering and structural elements such as 

parking lots take up a lot of space on the campus. Due to insufficient 

vegetative elements and urban furniture in Van YYU campus, students 

generally had to spend their free time in canteens or indoors. According to 

the answers given, whereas half of the students spent their free time at the 

university coastline, 41.7% of the students’ preferred faculty gardens for 

their free time. Compared to other parts of the campus, the university 

coastline was a relatively better-designed area with more plant diversity 

and urban furniture. Therefore, this area was a place where many of the 

students went to the coastline to have a good time and relax. 

Participants were asked which kind of plants they usually want to see 

on campus? The students mostly replied to this question as lawns and 

deciduous trees. Complementary to each other, deciduous trees and large 

grass areas were preferred by students for sitting, resting, and recreational 

activities on the campus. In addition to this, the students were using open 

green spaces for reading/relaxation purposes at a high rate. In another 

question, preferences about several utilizations were asked to students for 

outdoor activities at open spaces of campus. Students preferred mostly 

amphitheatre, fragrance garden, flower exhibition area, observation 

terrace, and orchard utilizations. Concerning vegetative composition 
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preference, most of the students wanted to see trees, shrubs, and grass 

fields at the campus. Instead of uniform vegetative design, the students 

preferred different sizes and types of plant compositions at open green 

spaces of campus. When asked which properties of plants affect students 

mostly on campus landscape, the great majority of students chose the 

flower/leaf/fruit color and fragrance. Following this view, according to the 

students’ opinion, these plants should be visually aesthetic and provide 

shade.  In this case, the vegetative design proposal to be made should 

address the students' visual and olfactory perceptions. 

One of the aims of this study was to increase environmental awareness. 

To contribute to this, we considered placing a descriptive sheet in front of 

the plants at the campus. We asked that if students wanted to have 

information about plants through the descriptive sheets. The positive 

response given by 88% of the participants was satisfactory as it showed the 

environmental awareness of the students.  

According to the survey results, the students need an exciting 

environment with colorful and fragrant trees, flowers, and a variety of uses 

where they could socialize, as well as relax, and calm down over large 

green areas at the campus. 

3.3. Landscape vegetative design proposal on Van YYU campus 

According to findings obtained from the participatory approach, the 

most suitable area was decided as the Faculty of Agriculture garden at the 

campus for proposing landscape vegetation design (Fig. 4). The factors that 

were effective in choosing this area were as follows: the number of students 

studying at this faculty was high so that student circulation in that region 

was intense; the selected area was close to many uses such as shuttle area, 

open-air stadium, ATMs, stationery, and market; the area was located on 

the main axis of the campus, thus more students would be able to benefit 

from the designed area. Besides, the area had fairly wide free space 

(represented with red color in Figs. 4 and 5) thus; it was suitable for 

landscape design in terms of students’ usage and location. 
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Fig. 4 Google Earth image* (left) and photograph (right) of the study area 

* red line describes the border of Faculty of Agriculture garden. 

 

 

Fig. 5 Concept diagram of landscape vegetative design on of Faculty of 

Agriculture garden. The five main utilizations and their covering 

area are expressed in different colors on the map. 

Similar utilizations in terms of functionality were covered under five 

main utilizations. These utilizations were lawns, nursery-greenhouse, 

fragrance gardens, orchards, and rock gardens (Fig. 5). These usages were 

selected, as students in the study area mostly preferred them. The lawn 

included an amphitheater, observation terraces, open green spaces, and 

ornamental pool; nursery-greenhouse utilization included flower 

exhibition areas, botanical garden, and greenhouse. The planned project 

was represented in Figure 6. 
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Fig. 6 Plan view of vegetative design of Faculty of Agriculture garden. 

Plants are listed in the legend according to type and where they are 

used. 

Leaf, fruit and flower color and fragrance of the plants were defined as 

the most impressive plant features. The plants used in the design were 

selected according to these features (Fig. 6). Coniferous trees were used to 

provide privacy in certain areas. Coniferous trees used were Cupressus 

arizonica, Juniperus horizontalis, Thuja orientalis, Picea abies, Picea 

pungens, and Taxus baccata ‘Fastigiata’. Deciduous trees that have 

different colours and calligraphic structures in every season were used for 

their shade feature and aesthetic values. Deciduous trees used were 

Aesculus hippocastanum, Acer palmatum, Buxus sempervirens, 

Chaenomeles japonica, Catalpa bignonoides, Cydonia oblonga, Eleagnus 

angustifolia, Forsythia intermedia, Fraxinus excelsior, Prunus cerasifera 

‘Pisardii Nigra’, Prunus serrulata ‘Kanzan’, Quercus robur, Salix 

babylonica, Sophora japonica, and Tilia cordota.  

In the south of the area, broad-leaved trees were preferred for parking 

lot planting. The uses of conifers and fruit trees were avoided to prevent 

damage and any pollution to the vehicles (Fig. 6). The main axis was 

defined by alley afforestation in the west part of the area where student 

circulation was intense.  In the northeast and northwest parts of the area, 

coniferous trees and shrubs were predominantly used (Fig. 6). Natural 

crushed stones provided the circulation in the garden.  

Participants preferred mostly lawns and deciduous trees among all 

vegetative design elements. A proposed design consisted of leafy trees and 

grass areas where students could be intertwined with nature in their leisure 

activities. The existing greenhouse was expanded and a nursery garden was 

placed according to the students' requests as represented in Figure 7. The 

various deciduous trees, shrubs, and lawns were designed around the 

nursery. Another highly rated utilization was a botanical garden. For this 
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reason, a botanical garden in the nursery was proposed. A building was 

added to the adjacent parcel for plant production and cultivation. 

   
                      (a)               (b) 

Fig. 7 3D view of the nursery design from different angles. (a) Top view; 

(b) Front view. 

By considering the requirements of students, an orchard with edible 

fruits, trees with colorful leaves and flowers were designed in the north and 

northeast directions of the area (Fig. 8). It was appropriate to use fruit trees 

for the benefit of students as well as natural life. The shade function and 

aesthetic value of leafy trees were taken into consideration in the design. 

The coniferous shrubs were used as the limiting elements to separate the 

study area with neighbouring parcels (Fig. 8). The orchard plants used in 

the design were Juglans regia, Malus domestica, Morus alba ‘Pendula’, 

Prunus armeniaca, Prunus avium, Prunus domestica, Pyrus communis, 

and Rosa canina.  

   
                                 (a)                      (b)       

Fig. 8 3D view of the orchard design from different angles. (a) Top view; 

(b) View from different angle. 

With 12.6% of all choices, the most desirable utilization was the 

amphitheater on the campus. For this purpose, an amphitheater was 

designed to provide a place for concerts, public presentations, and 

graduation ceremonies of students’ (Fig. 9). The amphitheater was 

designed using wood cladding and had five stairs. The height of a stair riser 

was 45 cm, and the tread dimension was 120 cm. The red rubber flooring 

material was used on the top floor of the amphitheater. Orchards 

surrounded the amphitheater from its north and west parts. At the top stage 

of the amphitheater, pergolas and vines wrapped around them, and benches 
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beneath the pergolas allowed students to sit and relax. The ivy types used 

were Hedera helix, Lonicera caprifolium, Parthenocissus quinquefolia, 

Rosa rampicanti, and Wisteria chinensis. The amphitheater was 

surrounded by trees, plenty of shrubs, border plants, and an orchard to 

ensure its harmony with the environment. The amphitheater was suitable 

for users to experience the landscape of a garden from a high viewing 

terrace. In this respect, the amphitheatre also performed as an observation 

terrace, which was one of the high rated utilization.  

   
                             (a)      (b)    

Fig. 9 3D view of the amphitheatre design from different angles. (a) Top 

view; (b) Front view. 

We wanted to leave some free space between buildings and garden, 

therefore we did not place big trees in front of the faculty buildings. The 

fragrance garden located in front of the buildings was composed of 

different aromatic annual, biennial, and perennial plant composites. 

Fragrance garden could be also served as a flower exhibition area with 

different-colored flowers. Fragrance garden plants were Cerastium 

tomentosum, Lavandula, Mesembryanthemum (pink carpet), Mentha, 

Thymus, and Rosmarinus. At the right next to the fragrance garden, pruned 

Cupressus macrocarpa evergreen shrub was used to highlight building 

entrance. The pruned Buxus sempervirens evergreen shrub was used on the 

roadside from the buildings to the garden (Fig. 10). 

   
                           (a)                                                      (b) 

Fig. 10 3D View of the fragrance garden design from different angles. (a) 

Top view; (b) Front view. 

Considering the slope of the area and the angle of the sun's rays, a rock 

garden was located at the northwest side of the study area. As can be seen 
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from the 2D plans and 3D views (Figs. 6 and 11); xeric, annual, biennial 

and coniferous plants, and uniform rocks were used together. The Rock 

garden plants used were Agave americana, Aloe vera, Carex oshimensis 

‘Evergold’, Phlox subulata, Pinus mugo, Pittosporum tobira, Sedum acre, 

and Sedum spectabile ‘Autumn Joy’. 

   
                        (a)       (b)    

Fig. 11 3D view of the rock garden design from different angles. (a) Top 

view; (b) Views from different angle 

The ornamental pool was relatively less preferred by the students (7.7% 

of all choices). However, to complete the vegetative composition and to 

use the rehabilitation effect of water, the 12 m2 ornamental pool with a 

wooden plant casing was designed to serve sitting and relaxing (Fig. 12). 

Besides, there was a wooden flower parterre with a diameter of eight m2 in 

the middle of the ornamental pool. The Gazania (treasure flower) and 

Mesembryanthemum (pink carpet) were planted in this flower parterre. The 

ornamental pool, designed with the flower parterre and the natural 

elements around it, was proposed as a healing element for stressful students 

and academic-administrative staff. As shown in Figure 12, the ornamental 

pool was surrounded by stone steps. Circulations of these steps help 

coincidental meetings and pedestrian flows at the garden. 

    
                      (a)                 (b) 

Fig. 12 3D View of the ornamental pool design from different angles. (a) 

Top view; (b) Front view. 

The most significant shortcoming in the vegetative design of the 

campus according to the students participating in the survey was the lack 

of functional open green spaces. A large grass field was proposed for this 
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purpose, which allowed students to lie down on grasses and perform free 

activities (Fig. 13). Moreover, a broad-leaved Quercus robur (English oak) 

was designed over the grass field. This large, cold-tolerant deciduous tree 

was used as a focal point in the study area. Acorns are an important 

nutritional source of animals such as birds, squirrels, and rabbits, from this 

aspect oak tree would contribute to natural life of the campus. The 45 cm 

high wooden seating unit was designed around the Quercus robur. The 

seating unit was considered as a place to allow students to read, relax, and 

chat in the garden. 

The vegetative design could be easily perceived from the plan, but it 

was difficult to perceive on a human scale as the study area was fairly flat. 

To break the monotony and create contrast in the area, an artificial grass 

hill was built over an open green area. In this way, we increased the 

difference in contour in the garden. Hence students could better perceive 

the garden within the field of view (Fig. 13). 

   
                        (a)            (b) 

Fig. 13 3D View of the Quercus robur and an artificial grass hills design. 

(a) Top view with a certain angle; (b) Front view. 

According to the survey, most of the students stated that they would 

like to have information about plants in the garden through description 

sheets belong to each of them. These identification sheets were helpful to 

improve the environmental awareness of students. Therefore, it was 

recommended to use plant description sheets as represented in Figure 14. 

   
                        (a)           (b) 

Fig. 14 Sample plant description sheet and sitting unit around the Quercus 

robur. (a) Top view with a certain angle; (b) Front view. 

 

45



 

 

3.4 Evaluation of 3D video presentation  

In this part of the study, an expert group of 30 student watched the video 

presentation of the proposed design. In the evaluation part, we asked five 

questions about the video presentation that they could answer as "yes" or 

"no". In question 1, we asked if there was enough space for social activities 

in the designed garden. The proportion of experts saying "yes" was 86.7%. 

In second question, we asked if the vegetable diversity and harmony in the 

area were satisfactory.  90% of students answered this question as "yes". 

In third question, we asked if they think the aesthetic and functional 

properties of the plants used were satisfactory. Likewise, a large majority 

(86.7%) answered "yes" to this question. In fourth question we asked if 

they found that the designed garden was relaxing and attractive. The rate 

of experts who say “yes” to this question was 76.7%. The positive answers 

to this question were relatively low compared to other questions. This 

might be because, although the experts liked the area in terms of vegetative 

diversity and harmony, they might have perceived many activities as a 

negative feature relatively in a small area.  In fifth question, we asked if 

experts would like to spend time in this designed area.  Experts stated that 

they would be happy to be in this garden with a rate of 86.7%. The expert 

group evaluated the area, which was designed in line with the opinions of 

user group, almost positively. This showed that, with the proposed design, 

an exemplary vegetative landscape design has been developed in which 

deficiencies were eliminated and needs were met. 

4. Conclusions 

This study emphasized the necessity of involving users in the landscape 

design process of university campuses, which was one of the open green 

spaces. The proposed participatory approach integrated user views and 

landscape design. The major data source of the study consisted of student 

views. The main purposes were to reveal student expectations and needs in 

outdoor spaces of campuses and represented a vegetative design proposal 

in line with their opinions. With the survey and video presentation, the aim 

was to increase the awareness of the students on the campus open green 

areas where they spent a significant part of their time. This study, which 

emphasized the importance of the participatory approach, was thought to 

guide future studies on campus landscape design. The studies that measure 

how students' motivation and academic achievement are affected by the 

student-centered participatory approach in campus landscape design, 

should be considered in future research. 
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Appendix A 

Questions: 1., 4., 5. and 6. are multiple choice questions. 

 

Table A.1 Which properties of plants affect you most on campus 

landscape? 

 Frequency Percent (%) 

Flower / Leaf / Fruit colour 194 36.1 

Fragrance 158 29.4 

Size 71 13.2 

Shape 70 13 

Texture 45 8.4 

Total 538 100 

 

Table A.2 Which types of plant do you like most? 

 Frequency Percent (%) 

Lawn 76 25.3 

Deciduous 71 23.7 

Parterre/bordure flowers 50 16.7 

Ivy 39 13  

Coniferous 36 12 

Groundcover plant 28 9.3 

Total 300 100 

 

Table A.3 Which vegetative compositions you want to see in the campus 

green areas? 

 Frequency   Percent (%) 

 Large grass areas 35 11.7 

 Trees, shrubs, grass  149 49.7 

 Only trees 57 19 

 Only flower beds 59 19.6 

 Total 300 100 

 

Table A.4 Which functions the trees should have on campus? 

 Frequency   Percent (%) 

 Shadow 191 18.7 

Privacy 105 10.3 
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 Frequency   Percent (%) 

Wind, dust and noise preventive  109 10.6 

Air cleanser 124 12.1 

Preventing bad view 90 8.8 

Aesthetic 198 19.3 

Edible fruits 100 9.8 

Provide spatial continuity 107 10.4 

Total 1024 100 

 

Table A.5 Please tick the utilizations you like to see in campus. 

 Frequency Percent (%) 

 Rock gardens 126 7.7 

Fragrance gardens 167 10.3 

Orchards 153 9.4 

Amphitheatre 206 12.6 

Flower exhibition areas 154 9.5 

Observation terraces 154 9.5 

Vertical gardens 117 7.2 

Nursery-Greenhouses 125 7.7 

Ornamental pool 125 7.7 

Open green spaces 153 9.4 

Botanical gardens 149 9.1 

Total 1629 100 

 

Table A.6 For which purposes do you use open green areas in campus? 

 Frequency Percent (%) 

 Recreational Activities 96 16.3 

Sportive Activities 139 23.6 

Reading/ Relieving 237 40.2 

Eating 118 20 

Total 590 100 

 

Table A.7 Where do you spend your free time in campus? 

 Frequency Percent (%) 

 University coastline 150 50 

Faculty garden 125 41.7 

Library 9 3 

Cafeteria 16 5.3 

Total 300 100 
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Table A.8 Do you pleased with vegetative design of campus? 

 Frequency Percent (%) 

 Yes 27 9 

No 273 91 

Total 300 100 

 

Table A.9 What are the deficiencies in campus vegetative design? 

 Frequency Percent (%) 

Insufficient open green space 163 54.3 

Insufficient plant diversity 84 28 

Surplus of structural elements/wide firm ground 31 10.3 

Neglected / Untidy planting 22 7.3 

Total 300 100 

 

Table A10. Would you like to see a descriptive sheet placed in front of 

plants? 

 Frequency Percent (%) 

 Yes 264 88 

No 36 12 

Total 300 100 

 

Table A11 Please rate the campus vegetative design from 1 to 5? 
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CHAPTER IV 
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1. Introduction 

Excluding Coulombic forces and metallic bonding, which are less 

commonly encountered, the intermolecular interactions can be classified 

into two categories: The Lifshitz–van der Waals (LW) interactions and 

the acid-base (AB) interactions. The LW interactions include the London 

(dispersion) forces, Debye (dipole/ induced dipole) forces and Keesom 

(dipole/ dipole) forces. London forces result from the natural oscillations 

of the electron clouds of the molecules inducing synchronous oscillations 

in the neighboring molecules. They are always present regardless of the 

polarity of the substances. Molecules possessing permanent dipoles are 

capable of exhibiting Debye and Keesom interactions with other 

molecules. Since Debye forces seldom amount to more than a few 

percent of the London forces, they are usually neglected or rolled 

together with the dispersion forces in a single term. Keesom forces can be 

comparable in magnitude to the London forces. However, the interactions 

among multiple permanent dipoles cancel out in bulk condensed phases 

due to their vector nature. These dipoles thus have very little effect on the 

thermodynamic properties of the condensed phases. For example, in 

water vapor, 76% of the cohesive energy comes from dipole interactions, 

whereas in liquid water only 2.4% (Van Oss et al., 1986:378). The LW 

interactions of condensed phases are therefore primarily dispersed 

interactions, although small contributions resulting from the presence of 

permanent dipoles may also be accounted for in this term. Unlike LW 

interactions, AB interactions between molecules in bulk phases or across 

interfaces are not always present but can arise when proton or electron 

donating/sharing occurs between neighboring molecules or functional 

groups, leading to complexation or adduct formation. Two acid-base 

theories, Brønsted theory (Brønsted, 1923:718) and Lewis theory (Jensen, 

1980:135), are frequently used to describe the AB interactions. The 

former defines acids and bases as proton donors and acceptors, whereas 

the latter defines acids and bases as electron (density) acceptors and 

donors. The Brønsted definition is convenient for describing reactions in 

aqueous solutions, but it covers a narrower range of interactions than the 

Lewis definition because the presence of proton is required. All Brønsted 

acids are Lewis acid-base adducts with the acid component being H+, and 
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all Brønsted bases are also Lewis bases. In the present work, all acids and 

bases are referred to the Lewis definition if not otherwise specified. Three 

types of AB reactants can be identified: those which act exclusively as 

acids, those which act exclusively as bases, and those which can act as 

both acids and bases. The first two types are termed by van Oss et al. 

(Van Oss et al., 1988:884) as monopolar acids and bases, respectively, 

and the third category of bipolar materials. To complete the notation, 

inert materials incapable of neither acid nor base interactions are termed 

apolar. This nomenclature is misleading because AB interactions have 

little to do with the polarity of the reactants, but the terminology 

monofunctional, bifunctional, and inert shall nonetheless be used to 

distinguish between the above categories of materials. 

Virtually all AB characterization methods require the usage of some 

type of ‘probes’. In most cases, they are molecular probes with their own 

chemistry. Ideal probes should be mono-functional so that what results 

from the measurements are the ‘absolute’ acidity or basicity of the 

substance of interest. However, since most molecules are bi-functional to 

some extent, the best choices are using those which are predominantly 

acidic or basic. What one obtains thus is some ‘combined’ acidity or 

basicity. 

Gutmann and co-workers introduced the Donor Number DN 

(Gutmann, 1978) and Acceptor Number AN (Mayer, 1975:1235) to 

describe the AB properties of Lewis acids and bases. DN is defined in 

terms of the molar exothermic heat of mixing of the candidate solvent 

with a reference acid, antimony pentachloride, in a dilute (10-3 M) 

solution in dichloromethane. 

Many other experimental techniques have been developed for solid 

surface AB characterization, such as electrokinetic titration in both 

aqueous and non-aqueous media, X-ray photoelectron spectroscopy 

(XPS), indicator dye adsorption/titration, calorimetry, and inverse gas 

chromatography (IGC). Fowkes (Fowkes, 1990:669), Berg (Berg, 

1993:75), Chehimi et al. (Chehimi et al., 1992:137), and Contescu and 

Schwarz (Contescu and Schwarz, 1999) have given reviews of some of 

these techniques. Since each technique has its own AB scale, it is difficult 

to rank the AB properties of two materials if data from different 

techniques are given. In some cases, different techniques may yield 

opposite predictions when AB properties of two materials are compared. 

Solid catalysts, including solid acid, solid base, and supported metal 

catalysts, are important from both academic and industrial viewpoints 

(Hocking, 1998; Olah and Molnar, 2003; Weissermel and Arpe 1997; 

Wittcoff and Reuben 1996). Catalytic properties of many heterogeneous 

catalysts depend strongly on their acid/base properties (Che et al., 
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2004:281; Tanabe, 1989; Fraissard and Petrakis, 1994; Corma, 1995:559; 

Busca, 2007:5336). To design new catalysts, a convenient index for 

acid/base properties of a wide range of solids is needed. Physical 

parameters such as electronegativity have been used as a conventional 

index, but a chemical index is more preferable. The titration of acidic and 

basic sites using indicators in aprotic solvents such as benzene or hexane 

is a classical method to obtain a chemical index of acid/base properties of 

solids (Nakamoto, 1986:108; Karge, 2008:1096), but this method has at 

least three problems. First, the titration cannot be conducted in aqueous 

suspension, because this would eliminate the differences in acid strength 

of the various sites. Second, bulky indicator molecules are hindered from 

diffusing into the interior of the solids, which may cause the miss 

judgment because visual observation of the indicator molecules and their 

change upon protonation by acid sites is restricted to the surface. Third, 

generally used indicators are not selective for either Brønsted or Lewis 

acid sites. Temperature-programmed desorption (TPD) has been used for 

the analysis of acid/base properties of solids (Deeba and Hall, 1985:85; 

Tsuji et al., 2003:8793). Other techniques, including the measurements of 

adsorption isotherms and isobars and calorimetric measurements, have 

also being used for the characterization of the acid/base properties of 

solids (Deeba and Hall, 1985:85; Auroux, 1997:71; Solinas and Ferino, 

1998:179). However, these methods cannot be used for discrimination of 

the type (Brønsted or Lewis type) of acid sites except for a method by 

Matsuhashi et al. (Matsuhashi, et al., 2004:554; Matsuhashi, et al., 

2006:1): comparison of adsorption hearts of N2 and Ar. 

A traditional method of the Hammett indicator was widely used for 

measuring the acid strengths of solid acids or superacids and ionic liquids 

(Tanabe, et al., 1989:142; Yurdakoç et al., 1999:319; Wang and Wang, 

2006:325). The amount of acid sites on a solid surface can be measured 

by amine titration immediately after the determination of acid strength. In 

the amine titration method, indicators are used and the color of suitable 

indicators adsorbed on the surface will give the measure of its acid 

strength. The method consists of titrating a solid acid, suspended in 

petroleum ether, with n-butylamine using an indicator (Benesi, 

1957:970). This method gives the total amounts of both Brønsted and 

Lewis acids and is rarely applied to colored or dark samples where the 

usual color change is difficult to observe (Aucejo, et al., 1986:187). 

IGC has frequently been applied for surface characterization of solids, 

in particular, for their thermodynamic behavior and their Lewis acidic–

basic character (Balard, 2000; Sun, and Berg, 2003:151; Mohammadi-

Jam and Waters, 2014:21; Kumar, et al., 2014:9). Lewis acid-base 

parameters and specific interaction parameters have been determined by 

evaluating the retention volume data obtained by IGC with the adsorption 
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of some nonpolar and some polar adsorbates on solids. The adsorption 

specific free energy (
spG ), specific enthalpy (

spH ), and specific 

entropy ( spS ) of polar probes on solids were determined. By 

correlating 
spG with donor and acceptor numbers of the probes, the 

acidic (KA) and the basic (KD) parameters of the solids were calculated.  

Infrared is the most powerful technique for the study of solid’s acidity. 

Pyridine is a widely used probe for the acidity of solid oxides, zeolites, 

and zeolite-like materials (Costa, 2000:193; Shirazi, 2008:1300; 

Covarrubias, 2009:118). IR spectroscopy of pyridine attached to Brønsted 

acid sites (acidic hydroxyls), Lewis centers (e.g. Al-containing entities) 

and cations (such as alkaline metal, alkaline earth, rare earth or transition 

metal ions) is very popular because of the rather sharp bands which can 

be observed in the deformation region. The positions of the bands are 

typical of the respective adsorption sites. A band at 1450 cm−1 is assigned 

to the vibration mode of pyridine adsorbed onto Lewis acid sites or to that 

of pyridine coordinately bonded to cations. This band provides 

information about Lewis acid sites. A band at 1540 cm−1 is due to 

pyridinium ions formed at the expense of Brønsted acid sites. Finally, a 

band at 1490 cm−1 is attributed to both Lewis and Brønsted acid sites. 

Therefore, using the integrated intensities of the bands at 1540 and 1450 

cm−1 as a measure of the amount of pyridine adsorbed on Brønsted and 

Lewis acid sites, valuable information can be obtained about the relative 

concentrations of these two kinds of acid sites (Pizzio, 2005:994). 

Compared to characterizing the surface acid/base properties (type, 

strength, number) of solid by various techniques. The acid, or basic 

properties of solid surfaces, are important and interesting aspects of the 

surface structure of solids. The surface characteristics of the solids need 

to be known for their effective use especially, as ion exchangers, 

catalysts, and adsorbents. Acid/base catalyzed reactions belong to the 

technologically most important classes of heterogeneous catalytic 

conversions. Acid/base properties seem to be important in many organic 

reactions. A variety of techniques have been developed for the 

characterization of type, strength, and numbers of acid sites on solids. 

The use of various techniques for solid surface acid-base (AB) 

characterization are required. Many techniques as wetting measurements, 

X-ray photoelectron spectroscopy, microcalorimetry, titration, Fourier 

transform infrared spectroscopy (FTIR) and inverse gas chromatography 

(IGC) has been used to obtain detailed information on solid surfaces. One 

of the oldest techniques for measuring acidity is based on a proposal by 

Hammett for ordering strengths of solid acids on the basis of amine 

titrations. Other techniques used to characterize surface acidity and 
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basicity include the adsorption of acidic and basic gas-phase probe 

molecules combined with spectroscopic measurements (IR) and 

calorimetric, gravimetric, or thermal desorption measurements. Infrared 

is also a very powerful technique for understanding the acidity of solids. 

IGC has frequently been applied for surface characterization of solids, in 

particular, for their thermodynamic behavior and their Lewis acidic–basic 

character. 

In the present work, different techniques using for surface acid-base 

characterization of solids are compared. The surface acidity of solids was 

investigated with IGC, FTIR, and Hammett acidity functions, that is, the 

n-butylamine titration method. Lewis acid-base parameters and specific 

interaction parameters have been determined by evaluating the retention 

volume data obtained by IGC with the adsorption of some nonpolar and 

some polar adsorbates on solids. On the other hand, the nature of 

Brønsted and Lewis acidic sites in solids were investigated using FTIR 

spectrums of adsorbed pyridine. Additionally, the amount of acid sites on 

a solid surface can be measured by amine titration immediately after the 

determination of acid strength. This method gives the total amounts of 

both Brønsted and Lewis acids and is rarely applied to colored or dark 

samples where the usual color change is difficult to observe. 

2. Methods 

Various techniques for solid surface acid-base (AB) characterization 

are used. Different techniques employ different scales to rank acid-base 

properties. Based on the results from literature and the authors’ own 

investigations for mineral oxides, these scales are compared. The 

comparison shows that Isoelectric Point (IEP), the most commonly used 

AB scale, is not a description of the absolute basicity or acidity of a 

surface, but a description of their relative strength. That is, a high IEP 

surface shows more basic functionality comparing with its acidic 

functionality, whereas a low IEP surface shows less basic functionality 

comparing with its acidic functionality. The choice of technique and scale 

for AB characterization depends on the specific application. For the cases 

in which the overall AB property is of interest, IEP (by electrokinetic 

titration) and H0,max  (by indicator dye adsorption) are appropriate. For the 

cases in which the absolute AB property is of interest such as in the study 

of adhesion, the heat of adsorption of probe gases (by calorimetry or 

IGC) and in situ IR spectroscopy coupled with probing molecules, 

including pyridine, acetonitrile, CO2, and chloroform. 

2.1. Indicator dye adsorption 

The indicator dye adsorption method is frequently used in the study of 

oxide catalysts and clay materials (Tanabe; 1989). A basic indicator is 
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defined as a non-ionized or neutral substance capable of adding one 

proton per molecule 

B + H+ ↔ BH+,                                                 (1) 

and changing its color depending on the extent of the reaction 

(Hammett, 1935:67). The strength of such an indicator is expressed by 

pKBH
+ = - log (aH 

+ + aB) / aBH
+          (2) 

where a stands for activity. The higher pKBH
+ is, the more basic the 

indicator is. 

In practice, the solid sample (usually in powder form) of interest is 

dispersed in a neutral solvent such as benzene, and then different organic 

indicators are added. The acidic strength of a solid is defined as its ability 

to convert an adsorbed natural base indicator into its conjugate acid form, 

which is indicated by the color change of the indicator. It is expressed by 

the Hammett acidity function H0 (Hammett, 1935:67), which is: 

Ho = pKBH
+ + log [B] / [BH+],       (3) 

 where [B] and [BH+] are the concentrations of the base indicator and 

its conjugate acid respectively. The smaller H0 is, the stronger acidity is. 

Similarly, the basic strength is defined as the ability of the surface to 

convert an adsorbed acid into its conjugate base form, and expressed by 

H0 of the conjugate acidic site of the basic surface site. Thus, both acidity 

and basicity are expressed with the same scale and no acid indicators are 

necessary. Theoretically, a solid with a certain H0 value can change all 

indicators whose pKBH
+ > H0 into their acid forms and keep those whose 

pKBH
+ < H0  in their base forms. In reality, because of the surface 

heterogeneity, there is always a distribution of acidic and basic sites of 

different strength existing on the surface. The number of reactive sites 

within a given strength range is then determined by amine titration for 

acidic sites (Tanabe, 1970), and trichloroacetic acid titration for basic 

sites (Yamanaka and Tanabe, 1975:2409). It is found that the highest H0 

value of the acid sites and that of the base sites always coincide at a value 

termed H0,max, which is used as the overall measure of the solid acid-base 

properties. A solid with a large positive H0,max has strong basic sites and 

weak acidic sites. Again, this method measures the proton affinity of the 

solid surface, and as one may expect, there exists a qualitative correlation 

between H0,max and Isoelectric Point (IEP). The apparent limitation of the 

dye indicator method is that it can only be applied to Brønsted acids and 

bases. Another problem is that pKBH
+ values of the indicators are 

measured in aqueous media, while the titration is carried out in 

nonaqueous media such as benzene. Corrections for pKBH
+ due to the 
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change of medium may be necessary. 

2.1.2 The method of titration using Hammett Indicator  

2.1.1. Indicators  

Acid strength measurements and acid amount determination were 

made according to the adapted method of antititration, inserting method, 

and using an ultrasonic oscillator (Benesi, 1957:970; Wang, et al., 

2006:325). The Hammett Indicators were used for the acid strength from 

H0 ≤ +7.2 to H0 ≤ −8.2. The limits of the H0 of samples were established 

by observing the color of the adsorbed form of suitable indicators. 

Neutral red (pKa: 6.8), methyl red (pKa: 4.8), p-

dimethylaminoazobenzene (pKa: 3.3), thymol blue (pKa: 2.8) indicators 

were used according to those color observations. Their acid colors are red 

and basic colors are yellow. The indicators were resolved in dry benzene 

solution overnight and its concentration was 0.1% (g/L) which are the 

same as those used by Benesi. 

2.1.2. Titration procedure  

In the titration procedure, the sample was weighed (ca 0.02–0.04 g) 

and transferred to ten vials. Petroleum ether (1.5 ml) was injected to the 

vials using a pipette. The desired amount of standard n-butylamine in 

petroleum ether (ca 0.5 mol l−1) was calculated according to the degree of 

titration. The degrees of bentonite titration were 0.1, 0.2, 0.3, 0.4, 0.5, 

0.6, 0.7, 0.8, 0.9 and 1.0 mmol n-butylamine per gram catalyst (mmol 

g−1). The calculated amount of standard n-butylamine solution was added 

to each vial. The ten vials were fixed and were oscillated in the ultrasonic 

oscillator for 50 min. The determined indicators were added to each 

group. After a few minutes for diffusion and reaction of the indicator, the 

color of indicators in the vials of some groups changed from acid color to 

basic color and some of them did not. The total acid amount of solid 

surface is equal to the sum of mmol g−1 values of the changed vials. 

2.2. Inverse gas chromatography (IGC) 

Inverse gas chromatography is a powerful technique for investigating 

the characteristics of solid surfaces in powder form. The experiments are 

conducted in the same manner as conventional gas chromatography, 

except that it is the stationary phase in the column rather than the gas 

phase, which is of interest. The versatility of IGC in material 

characterization is described in detail by Sun and Berg (Sun and Berg, 

2003). The extent and nature of the interactions between the injected 

probe gas and the solid are manifested in the shape and relative elution 

time of the chromatogram. When IGC is used to study the solid surface 

energetics and acid-base properties, it is usually operated in the infinite 

dilution regime, which corresponds to very low surface coverage, by the 
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adsorbates. Many papers regarding surface characterization by IGC at 

infinite dilution have been published (Harding, et al., 1998:841; Sun and 

Berg, 2002:59; Keller and Luner, 2000:401; Asten et al., 2000:175; 

Mukhopadhyay and Schreiber, 1995:47). 

At infinite dilution, the net retention volume, VN, which is the amount 

of carrier gas required to elute the injected probe gas from the column, is 

related to the surface energetics and acid-base properties of the solid of 

interest by the following equation: 

 2/12/1 ).(.).(2 d
L

d
SN aNRTLnV  (-ΔGSP) + C  (4) 

where VN is the net retention volume of the n-alkane probe, R is the 

gas constant, T is the absolute column temperature (K), a is the molecular 

surface area coated with a kind of adsorbed alkane, N is Avogadro's 

number, and C is the constant. In this equation, 
d

S is the dispersive 

component of the surface free energy of the solid phase, and 
d

L is the 

dispersive component of the surface free energy of the probe. The plot of 

 NVRT ln  versus   2/1
. d

La  can be useful. Such a plot is linear and the 

slope of the lines gives dispersive free energy of the solid phase. The 

values of   2/1
. d

La  are necessary for the calculations and can be easily 

found in the literature. The specific component-free energy of adsorption 

(
spG ) is related to the solid phase's ability to act as an acceptor or 

donor of electrons. For alkane probes, because there are no polar 

interactions, 
spG  is equal to zero (Das and Steward, 2012:1337): 

ΔGSP = ΔHSP –T. ΔSSP     (5) 

To evaluate the
spG , )ln( NVRT for each probe (including the 

alkanes) is plotted against   2/1
. d

La  . This plot gives a straight line for the 

alkane series which is used as the reference line. The vertical distance 

between the n-alkane line and the point where the polar probe is gives the 
spG  value of that polar probe (Gamble et al., 2013:39, Kumar et al., 

2014:9). According to the following equation, specific components of the 

adsorption enthalpy (
spH ) and entropy ( spS ) can be determined 

from
spG 's relationship with the temperature: 

sp
spsp

S
T

H

T

G






     (6) 
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A plot of TG sp /  versus 1/T should yield a straight line with slope 
spH and intercept spS . The acidic–basic parameters can be obtained 

from the calculated 
spH values using the following equation (Lazarevic 

et al., 2009:41). 

DA

sp

K
AN

DN
K

AN

H






     (7) 

where 
AK  and 

DK  parameters define the analyses surface's acid and 

base constants respectively, AN* is the modified acceptor number of the 

adsorbed probe while DN is the donor number. The
AK and 

DK values 

can be calculated with the aid of probes that have acidic, basic, and 

amphoteric properties. According to the above equation, representing the 
 ANH sp / versus

ANDN / , one gets AK  as the slope and DK as 

the intercept. Finally, a general definition of the nature of a solid surface 

can be obtained through the determination of the SC parameters known as 

KD/KA. According to the values obtained from these parameters, it is 

accepted that SC 0.9 means the surface is acidic, SC ≥ 1.1 means basic, 

and if it is between 0.9 and 1.1, the surface is amphoteric (Ho and Heng, 

2013:164, Kumar et al., 2014:9). 

2.3. Spectroscopic investigation 

IR spectroscopy is a powerful tool for identifying the nature (type and 

strength) of acid/base sites (Busca, 2007:5366; Kondo, 2010:11576; 

Lavalley, 1996:377; Knöuzinger, 2007:1135; Busca, 2010:2217; Datka, 

1992:186; Emeis, 1993:347; Selli and Forni, 1999:129; Onfroy, 2005:99). 

It can easily distinguish between Brønsted and Lewis acids by using 

probe molecules such as ammonia or pyridine (Lavalley, 1996:377; 

Knöuzinger, 2007:1135; Busca, 2010:2217). Acid and base strength of 

solids can be estimated from peak shift values of adsorbed probe 

molecules (Shimizu, 2008:89; Haffad, 1998:227; Travert, 2004:16499) or 

the profile of absorbance versus desorption temperature (Shimizu, 

2008:89). Experimental determination of the integrated molar extinction 

coefficient enables us to estimate the number of acid and basic sites 

(Lavalley, 1996:377; Datka, 1992:186; Emeis, 1993:347; Selli and Forni, 

1999:129; Onfroy, 2005:99). For example, Niwa and co-workers reported 

that IR combined with NH3-TPD method simultaneously gave the 

information about acid-type (Brønsted and Lewis) and strength and 

number of acid sites of zeolites and sulfated ZrO2 (Suzuki, 2007:151; 

Suzuki, 2007:5980; Katada, 2008:76). However, in the case of solids 
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such as SiO2, the main fingerprint band of Lewis acid sites overlaps with 

the absorption of SiO2, indicating that NH3 cannot be widely applied. 

Although other basic probes (pyridine and CD3CN) and acidic probes 

(CO2, CHCl3, and benzaldehyde) have been applied to characterize 

acid/base properties of a specific solid, there are few IR studies on a wide 

range of solids under the same condition in order to establish a database 

for acid/base properties of the solids. In this paper, we studied the 

acid/base properties of a wide range of solids by IR with various probe 

molecules. To provide a database for acid/base properties and a simple 

method to determine acid/base indexes by IR, the following research 

strategies are adopted. We apply several probes to a wide range of solids 

and select the convenient probe in terms of the spectral shape. The peak 

shift values are used to estimate the acid or base strength and the peak 

area combined with the molar extinction coefficient of the adsorbed 

species are used to estimate the number of Brønsted and Lewis acid sites 

and basic sites. 

2.3.1. FTIR-pyridine adsorption and desorption methods 

The FTIR spectra of solids were recorded on a Perkin Elmer 100 FTIR 

spectrometer in the 4000 to 400 cm−1 wavenumber range using DRIFT 

(Diffuse Reflectance Infrared Fourier Transform) technique. A spectrum 

of the bentonite was obtained using KBr dilution, and finely powdered 

KBr was used as a reference. For acidity determinations by FTIR, the 

sample was heat-treated at 400 °C overnight, followed by evacuation at 

ca 10−5 Torr for 2 h at the same temperature. Pyridine adsorption was 

performed at room temperature until saturation (60 min). The sample was 

then evacuated for 10 min at 100 °C and cooled to room temperature 

before recording the spectrum. The desorption of the probe molecule was 

successively monitored stepwise by evacuating the sample for 10 min at 

100, 150, 200, 300, and 400 °C and cooling to room temperature between 

each step, to record the spectrum (Yurdakoç et al., 1999:319; Seddigi, 

2001:63).  

2.3.1.1. Pyridine 

Infrared is also a very powerful technique for understanding the 

acidity of solids. The positions of the bands are typical of the respective 

adsorption sites. Pyridinium ion (PyH+) produced by the reaction of 

pyridine with Brønsted acid sites shows bands around 1545 (v19b) and 

1638 cm−1 (v8a). Coordinatively bound pyridine on Lewis acid sites 

shows bands around 1445 (v19b) and 1610 cm−1 (v8a). Physisorbed or 

hydrogen-bonded pyridine shows bands around 1440 (v19b) and 1597 

cm−1 (v8a). The band around 1490 cm−1 is common to vibrations due to 

PyH+ and coordinatively bound pyridine. 
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A band at 1450 cm−1 is assigned to the vibration mode of pyridine 

adsorbed onto Lewis acid sites or to that of pyridine coordinately bonded 

to cations. This band provides information about Lewis acid sites. A band 

at 1540 cm−1 is due to pyridinium ions formed at the expense of Brønsted 

acid sites. Finally, a band at 1490 cm−1 is attributed to both Lewis and 

Brønsted acid sites. Therefore, using the integrated intensities of the 

bands at 1540 and 1450 cm−1 as a measure of the amount of pyridine 

adsorbed on Brønsted and Lewis acid sites, valuable information can be 

obtained about the relative concentrations of these two kinds of acid sites 

(Masukawa, 1997:10). 

A generally recognized tendency (Knöuzinger, 1976:184) that, 

compared to ammonia, the bands for the adsorbed pyridines are relatively 

sharp and well resolved and do not overlap the absorption of SiO2 and 

zeolites. This implies that pyridine is a more suitable probe molecule for 

the assignment of acid types (Lewis or Brønsted) of various oxides. As 

discussed later, these properties will allow determining the number of 

each acid site by measuring the integrated molar extinction coefficients of 

adsorbed pyridine for Lewis and Brønsted acid sites. 

2.3.1.2. Acid properties 

In the literature (Knöuzinger, 2007:1135; Busca, 2007:5366), acid 

properties (type, strength, and number) of various solids have been 

studied by IR spectroscopy with various probe molecules such as 

ammonia, pyridine, substituted pyridines, nitriles, aliphatic amine, ethers, 

ketones, aldehydes, aromatics, alkenes, carbon monoxide, alkanes, N2 

and H2. Each report adopts different measurement conditions, and a study 

of a wide range of solids under the same condition is lacking. Measuring 

various solids by IR with a series of common probe molecules, which is 

ammonia, pyridine, and CD3CN, and explored the method to measure the 

acid properties of a wide range of solids. 

2.3.1.3. Basic properties 

Basic properties of solids have been studied by IR with acidic probe 

molecules such as CO2, SO2, methane, acetylene, pyrrole, chloroform, 

alcohols, and thiols (Lavalley, 1996:377; Busca, 2010:2217). However, 

compared to the acidity characterization, IR characterization of basic 

solids has been less investigated. Hence, the general probe molecules for 

a wide range of solids should be explored. Generally, basic solids are 

ionic and, consequently, they have Lewis acid site (the exposed metal 

cation) adjacent to the basic site (surface oxygen). In their catalytic 

application, acid-base pair sites rather than purely basic sites play an 

important role in the catalysis by basic solids. Therefore, molecules that 

can interact with the acid-base pair site of solids are suitable as probe 
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molecules for the characterization of basic solids. For example, 

benzaldehyde has been used as a probe molecule for the acid-base pair 

site of solids (Niwa, 1985:2550; Niwa, 1991:297). Nitrobenzene also 

interacts with the acid-base pair site of solids (Shimizu, 2009:17803).  

3. Conclusion 

In the present work, various techniques for solid surface acid-base 

characterization are compared. It was shown that the isoelectric point, 

IEP, is not a description of absolute basicity or acidity of a surface, but a 

description of their relative strength. That is, a high IEP surface shows 

more basic functionality comparing with its acidic functionality, whereas 

a low IEP surface shows more acidic functionality comparing with its 

basic functionality. The choice of technique and scale for AB 

characterization depends on the specific application. For the cases in 

which the overall AB property is of interest, IEP (by electrokinetic 

titration) and H0,max (by indicator dye adsorption) are appropriate. For the 

cases in which the absolute AB property is of interest such as in the study 

of adhesion, the heat of adsorption of probe gases (by calorimetry or 

IGC) and in situ IR spectroscopy coupled with probing molecules, 

including pyridine, acetonitrile, CO2, and chloroform. 

The Amine titration method provides another valuable knowledge 

about the total acid amount of solid surface. The total acid amount 

determined by indicator dye adsorption which is the summation of acid 

sites. IGC is an extremely sensitive and convenient way to evaluate the 

Lewis acid-base parameters by adsorption of some nonpolar and polar 

adsorbates. The overall acid-base character of solids can be evaluated 

from KD/KA ratio; namely, the surface is considered to be basic for KD/KA 

> 1, and the surface is considered to be acidic for KD/KA < 1.  

The acid/base properties (type, strength, number) of a wide range of 

solids were studied by IR with various probe molecules: ammonia, 

pyridine, CD3CN, CO2, CHCl3, benzaldehyde, and nitrobenzene. For 

acidity characterization, CD3CN is a suitable probe molecule for the 

strength of acid sites and pyridine for the type and number of acid sites. 

For basicity characterization, CHCl3 is a suitable probe molecule for the 

strength of basic sites and nitrobenzene for the number of basic sites. The 

application of nitrobenzene adsorption to the quantification of the surface 

basic site is verified. The comprehensive IR results in this study will give 

a convenient chemical index for acid/base properties of a wide range of 

solids and will be available to characterize Lewis/Brønsted acid sites and 

basic sites on solids by a simple IR experiment, providing a powerful tool 

for designing new catalysts. 
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1.Introduction 

Most of the waste water in the carpet washing industry originates from 

dyeing processes. For this reason, there are dyes that are not fixed to the 

yarns and auxiliary chemicals, most of which are in the surfactant class, 

in carpet washing waste water. This situation causes high content of color 

and organic matter in waste water. pH values are generally not neutral 

and complex waste water results are obtained. In case of insufficient 

treatment, the dyes in the waste water cause color and toxic substances in 

the receiving environment. Although color poses an aesthetic problem at 

first, it prevents photosynthesis by decreasing the light transmittance in 

natural waters when it reaches high levels (Çapar, 2004).  

Also they have high value of chemical oxygen demand (COD) that is 

one of the important parameters that express the amount of organic 

pollution in wastewater. This expression refers to the amount of oxygen 

to be added to carbon dioxide in organic matter in the water (Tan, 2006; 

Zheng, et al., 2013). 

Membrane technology, which is known to be environmental friendly, 

has ease of construction and control, low consumption of energy, no 

requirement of chemical substances to be added and is feasible for 

recovery of valuable metals (Licínio et al., 2015). Chemical oxygen 

demand (COD) is one of the most important parameters used in 

determining the pollution degree of industrial waste-water. The 

membrane processes provided the highest COD removal from waste 

water (Madaeni and Mansourpanah, 2006). 

There are four various pressure-driven membrane methods: 

microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse 

osmosis (RO) (Piedra et al. 2015). Among these membrane methods, 

nanofiltration uses membranes with very small pores (<1 nm) and 

                                                 
1 In this study, devices and tools bought by Eskişehir Osmangazi University 

Research Foundation were used (Project Number: 201215031).  
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requires operating pressures in the 10-50 bars range (Gherasim and 

Mikulášek 2014). There are two ways to operate nanofiltration process. 

While in dead-end filtration, all of the solution is directed towards the 

membrane area under applied pressure, in cross-flow filtration entire 

solution is directed parallel to the membrane surface (Tsibranska and 

Tylkowski 2013, Kavak 2017b).  

In this study, it was aimed to remove COD from carpet washing waste 

water with the nanofiltration method. For this purpose, the effects of 

membrane pressure (10, 15, 20 bar) and feeding temperature (25, 35 °C) 

parameters on the COD removal efficiency of carpet washing wastewater 

with DK polymeric membrane were investigated.  

2.Material and Methods 

In the experimental study, the wastewater of the carpet washing 

company in Eskişehir was used. The values of raw wastewater, COD, pH, 

max. absorbance and conductivity are shown in Table 1. 

Table 1: Properties of raw carpet washing waste water  

Parameter Value 

COD, mg/L 576 

Max. Absorbance, nm 324 

pH  7.76 

Conductivity,  µS/cm 254 

Commercial Poliamid TFC DK nanofiltration membrane used in this 

study was provided by GE Osmonics. The properties of the used 

membrane are given in the Table 2 (https://www.sterlitech.com). 

Table 2: Properties of DK Membrane 

Properties DK membrane 

Feed Industrial/Food 

Type High Rejection 

pH Range 2-10 

MgSO4 Rejection 96.0% 

Pore Size/MWCO 150-300 Da 

Flux (GFD)/psi 22/100 

Polymer Polyamide-TFC 

COD test kits were used to determine the amount of COD in carpet 

washing wastewater and treated wastewater. Test kits were opened and a 

2 ml waste water sample as added. The kits placed on the Hach LT 200 

branded thermoreactor were stored at 148ºC for 2 hours. After 2 hours the 
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kits were removed from the thermoreactor and allowed to cool to room 

temperature. Sample test kits arriving at room temperature were placed in 

a Hach Lange DR 3900 spectrophotometer and the results read in mg/L. 

Membrane experiments were conducted in a cross-flow test system 

(SEPA CE Sterlitech) as shown in Fig. 1. 

 

Figure 1: Schematic diagram of the cross-flow NF experimental set-

up. 

This system is formed by a membrane module, a hydraulic hand 

pump, a feed tank, a high pressure pump, an analytical balance for the 

measurement of flux, a computer, a thermostat, a flowmeter and other 

necessary fittings. The stainless steel cross-flow filtration system had a 

total volume of 5 L and contained an effective membrane area of 0.015 

m2. Synthetic wastewater taken from feed tank by centrifugal pump was 

transmitted to the membrane cell. Amount of permeate was measured by 

an analytical balance which was connected to the computer (Kavak 

2017a, Kavak 2017b). 

COD removal efficiency (EF, %) was calculated as Eq. (1) based on 

the COD concentrations of a determined species in the permeate (CP, 

mg/L) and in the feeding (CF, mg/L).  

𝐸𝐹 =
𝐶𝐹−𝐶𝑃

𝐶𝐹
× 100                                               (1) 
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3. Results and Discussion 

The COD removal performance of the DK membrane is shown in 

Fig.2.  

 

Figure 2: COD removal of waste water (feed temperature: 25ºC and 

35 ºC, membrane pressure: 10, 15 and 20 bar). 

COD removal percentages at the end of 60 minutes were obtained as 

85.1%, 91.2% and 83.8% for 10, 15 and 20 bar pressures at 25ºC 

temperature, respectively (Figure 2).  

According to Figure 2, COD removal percentages at the end of 60 

minutes were obtained as 96.4%, 91.8% and 81.9%  for 10, 15 and 20 bar 

pressures at 35ºC temperature, respectively. At 35ºC, COD removal 

decreases as membrane pressure increases. It was observed that COD 

removal did not change significantly with the temperature increase, 

except for 10 bar. The maximum COD removal was obtained as 96.4% at 

35ºC and 10 bar. 

COD discharge limit value for carpet waste water of Water Pollution 

Control Regulation is 200-300 mg/L (https://www.mevzuat.gov.tr). As a 

result of the analysis, it was seen that the COD values were in the range 

of 50-100 mg/L. Since the COD concentrations obtained for all 

conditions in this study are below the discharge limits, the DK membrane 

can be used for the treatment of carpet washing waste water. 

 

 

  

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

10 15 20 
Pressure (Bar) 

25  °C 

35  °C 

74



 

 

4. Conclusions 

In this study, COD removal from carpet washing waste water by 

cross-flow nanofiltration method using DK membrane was investigated. 

The maximum COD removal was obtained as 96.4% at 35ºC and 10 bar. 

After the experiments, COD concentrations remaining in permate are 

found to be lower than the discharge values defined for industrial 

wastewater by Water Pollution and Control Regulation in Turkey. 

According to the experimental results, DK membrane is efficient for 

COD removal from carpet washing waste water. 
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1.Introduction 

Dairy Industry very important in the food industry with 15% 

production value is a sub-sector. Modern dairy processing plants in 

Turkey have increased in recent years. Especially in the last decade, 

many advanced technology investments have been made in the dairy 

processing industry (Gönenç and Tanrivermiş, 2008). Waste water is used 

in the production cycles of different products. In the dairy industry, water 

has been an important processing medium. Water is used in at all stages 

of the dairy industry including cleaning, sanitation, heating, cooling and 

floor washing normally the water requirement is very large. Dairy waste 

water contains proteins, carbohydrates, lipids, organic matter such as 

BOD and COD, suspended material such as solid matter and oil. 

There are many applications of membrane separation technology in 

dairy industry. Some applications in milk concentration are protein and 

lactose component seperation, filtration, and bacteria reduction (Chen et 

al., 2018). The possibility of generating good-quality reuse water to 

minimize consumption and reduce the generation of effluents resulted in 

an interest for membrane separation processes in the dairy industry. 

(Galvão, 2018). 

Membrane technology, is very attractive for wastewater treatment due 

to its effectiveness in removing organic and multivalent metals. It can 

operate at relatively low pressures and provide good permeability flow 

rates. Furthermore, the separation is carried out without phase change and 

without the use of chemical or thermal energy, so the process becomes 

energy efficient (Licínio et al., 2015). Pressure-driven membrane 

processes are called microfiltration (MF), ultrafiltration (UF), 

nanofiltration (NF) and reverse osmos (RO) (Sert et al., 2016). 

                                                 
1 In this study, devices and tools bought by Eskişehir Osmangazi University 

Research Foundation were used (Project Number: 201215031). 
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Ultrafiltration uses a finely porous membrane to separate water and 

microsolutes from macromolecules and colloids. The average pore 

diameter of the UF membrane is in the 10–1000 Å range (Baker, 2012).  

In this study, color removal from dairy industry wastewater were 

investigated by ultrafiltration method. In order to determine the effect of 

filtration pressure (4 and 8 bars) and feed temperature (25oC and 35oC) on 

color removal, dairy waste water was passed through UB70 membrane. 

2.Material and Methods 

Waste water used in this study was provided from the dairy industry in 

Eskişehir.  The waste water obtained from the factory was taken the day 

before the experimental work was started and stored in the refrigerator in 

the laboratory to ensure that the properties of the waste water did not 

change. The values of raw wastewater, COD, pH, max. absorbance and 

conductivity before the treatments are shown in Table 1.  

Table 1: Properties of raw dairy industry waste water  

Parameter Value 

COD, mg/L 3039 

Max. Absorbance, nm 365 

pH  12 

Conductivity,  µS/cm 3003 

Feed tank and membrane filtration system has been cleaned before 

starting the experiment in order to reduce the contamination inside. 

Membrane system cleaning was carried out in three stages; membrane 

system was first cleaned with pure water, then cleaned with 0.1-0.2% 

acidic solution and as the final stage membrane system was again cleaned 

with pure water. 

Color was analyzed using the Hach Lange DR 3900 UV-vis 

spectrophotometer at the λmax value of 365 nm. UB70 commercial UF 

membrane used in the experiments was obtained from TriSep™. Table 2 

shows the specific properties of the UB70 membrane 

(https://www.sterlitech.com)  

Table 2: Specific properties of the UB70 membrane  

Properties  UB70 

Type Industrial Wastewater 

pH  2-11 

Flux (GFD)/psi 48/3 

Pore size/MWCO 0.03 µm 

Polymer Polyvinylidene Fluoride  
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Sterlitech-SEPA CF cross flow membrane system was used in the 

experimental study. A schematic representation of the system is given in 

Figure 1.  

 

Figure 1: Schematic diagram of the cross-flow UF experimental set-

up. 

This system consists of a membrane module, feed tank, pressure 

pump, scales, flowmeter, computer, thermostat and necessary fasteners. 

The effective area of the membrane in the system is 150 cm2 (Kavak, 

2017a, Kavak, 2017b). Temperature control is provided by WiseCircu 

heater in the system. This heater is used to keep the waste water in the 

supply tank at the desired temperature levels.  During the filtration time, 

the retained and permeate streams returned to the feeding volume for 

maintaining the homogeneity of samples. 

Color removal efficiency (EF, %) was calculated as Eq. (1) based on 

the concentrations of a determined species in the permeate (CP, mg/L) 

and in the feeding (CF, mg/L). 

𝐸𝐹 =
𝐶𝐹−𝐶𝑃

𝐶𝐹
× 100                       (1) 

3. Results and Discussion 

The color removal performance of the UB70 membrane is shown in 

Fig.2 and Fig.3. Very high percentage of color rejections were observed 

at all pressure and temperature values. At the end of 120 minutes color 
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removal percentages were obtained as 88.87% and 99.70% for 4 and 8 

bar pressures and 25ºC temperature, respectively (Figure 2).  

 

Figure 2: Effect of pressure on the color removal of dairy industry 

wastewater  (feed temperature: 25ºC, filtration pressure: 4, 8 bar). 

As can be seen from Fig. 2, color removal increases with an increase 

in membrane pressure at the end of 120 minutes. The maximum color 

removal was obtained as 99.7% at 25 ºC and 8 bars. 
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Figure 3: Effect of pressure on the color removal of dairy industry 

wastewater  (feed temperature: 35ºC, filtration pressure: 4, 8 bar). 

According to Figure 3, color removal percentages were obtained as 

99.16% and 99.03 for 4 and 8 bar pressures and 35ºC temperature, 

respectively.  

At 4 bar; as the feed temperature was increased from 25 ºC to 35ºC at 

the end of 120 minutes, the color removal increased from 88.87% to 

99.16%, respectively. At 8 bar; with the increase of temperature, the color 

removal of UB70 membrane increased slightly. As can be seen from Fig. 

3, increasing pressure does not affect color rejection significantly.  

The maximum color removal was obtained as 99.7% at 25ºC and 8 

bar. 

4. Conclusions 

In this study, performance of a UB70 membrane has been studied to 

treatment of dairy industry wastewater by cross-flow UF at different 

operating conditions. Effects of different factors including operating 

pressure and feed temperature were investigated. The maximum color 

removal was obtained as 99.7% at 25 ºC and 8 bar after 120 min of UF. 

According to the experimental results, UF membrane system is efficient 

for color removal dairy industry wastewater.  
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1. Introduction 

Discovery of alternative energy sources is related to some reasons 

such as the abrupt end of nonrenewable energy sources (fossil fuels), 

global climate changing, instability of oil prices and independence of 

energy [1]. Nonrenewable energy sources (fossil fuels) have been running 

out very quickly in densely populated areas where people do not have 

access to alternative modern energy sources [2]. In the nature trees, 

plants, fertilizers, waterfalls, geothermal sources, sun, come and go 

events, wind and wave energy, human and animal muscle strength all 

these are renewable energy sources. Still, global priorities, some factors 

such as politic issues, economic cost and environmental anxieties are 

admittedly forced to select the way gaining energy [3]. At the near future 

renewable energy is thought as one of the most innovative technologies to 

put an end to the addiction of the nonrenewable energy sources. The 

development of renewable energy is one of the most important strategies 

for ensuring energy safety in every single country on Earth.  Due to the 

huge urbanization amount of solid wastes are being produced so that 

eliminating this huge amount of solid wastes is a big issue to keep cities 

clean and safe. On the other hand, these wastes have enormous biogas 

potential owing to their organic content. Although cattle manure is a 

basic source of biogas production in rural areas and urban life offers a 

large amount of biomass to produce biogas, these cannot be effectively 

utilized. In contrast, rural and urban wastes can be used to produce biogas 

as a raw material source [4]. Composing a resource for renewable energy 

by eliminating these raw materials with environmentally friendly 

technologies (such as anaerobic digestion reactors) has become a primary 

goal in the energy policies of nations. This goal is going to provide a 

significant contribution to national energy safety accompany with 

reducing the environmental pollution [4].  
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2. Wastes and the importance of waste management 

Waste was first defined in Turkey in the Environmental Law No. 2872 

dated 1983 as "Harmful substances that are thrown into the environment 

or released as a result of any activity" [5]. Wastes have different types 

depending on various factors such as consumption or post-production, 

packaging wastes. Depending on chemical or physical properties, that 

wastes consist of solid, liquid and gas forms. Solid wastes refer to 

substances in the solid phase that must be eliminated regularly for human 

and environmental health. Regardless of the origin, such as domestic, 

commercial or industrial, waste is defined as the loss of economic value 

of raw material, fuel or water after use [6]. According to the United 

Nations Environment Program (UNEP), solid waste is stated as 

“substances that the owner does not want, does not need, does not use and 

it needs to be treated and removed” [7]. The most important topic of 

today’s world is to find a solution for environmental pollution and 

productive waste management in developing economies. Increasing in 

energy-demanding has caused to use of excessive fossil fuels, and this 

situation has reached a result in global warming that affects the whole 

world. These urgent problems are awaiting for solutions which have 

pushed researchers to find innovative approaches about preventing 

stubble burning, balancing fossil fuel demand and producing substances 

such as bioenergy, biomaterials and biochemicals from organic wastes 

[8], [9].  

Current solid waste management presents the simple form of the 

processing process. Therefore it has been compulsory to find a productive 

and effective way for conversion process from solid wastes to energy. For 

example, in the cities of India there is an amount of urban solid waste 

production 0,3-0,5 kg per person. It has been seen that anaerobic 

digestion is the best way to utilize this enormous amount of waste to 

produce renewable energy, keeping cities clean and safe. Anaerobic 

digestion is also known as biomethanization that is widely used for waste 

management. Owing to anaerobic digestion wastes are degraded in the 

absence of O2 to produce biogas and which are eliminated in the most 

productive and safest way. The options other than anaerobic digestion 

include laborious, costly and non environmentally friendly applications. 

Biomethanization applications have recently been developed to process a 

wide range of wastewater, slurries and solid wastes that are presented 

[10]. This technology has widely been used for over 100 years, but it is 

still open to technological development [11]. It is possible to produce 

bioenergy from a wide variety of wastes. It has been given some potential 

organic wastes (defined as biomass) below to produce biogas:  

Sewage Slurry/Water: Sewage and sewage water have negative effects 

on both the environment and human health, but the cost of processing 
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sewage water is also an undeniable fact. On the other hand, it is a subject 

that takes intense attention to think organizationally, technically and 

economically about reducing sewage water amount and preventing 

wastewater. Anaerobic digestion is widely used to produce biogas from 

sewage water and keep sewage water in a balance. In treating wastewater 

or at any other related areas, it is done biogas production as a renewable 

energy source [12].  

Household/Food Wastes: This kind of waste is one of the most 

important components of urban solid wastes that include restaurant waste, 

canteen waste, food-processing waste and domestic food waste. Storage 

of household/food waste has started to be a big problem globally [13]. 

The amount of household/food waste is estimated to happen a sharp 

increasing from 2.78 Billion ton to 4.16 Billion ton in countries of Asia 

[14]. Owing to the development in industry and urbanization of China, it 

is expected to be 10% percentage increasing in household/food waste rate 

[15]. Therefore, the processing and eliminating of household/food waste 

properly [16], [17], [18], preventing odor consisting and insects are the 

top priority for urban life in global perspective [19], [20]. 

Household/food wastes have very rich organic content so that as raw 

material, they are so suitable to produce various products with high added 

value [21], [22]. Although household/food waste is an abundant and easy 

source for biomethane production, the pH lowered by organic acids they 

have at high organic loading rate can significantly inhibit anaerobic 

bacteria. Recent studies have made it clear that; the co-digestion of 

household/food waste and sewage sludge enormously improves energy 

recovery, resulting in an economical and feasible approach [23], [24], 

[25], and [26]. In different regions of the world, the composition of 

household/food waste shows different physicochemical properties depend 

on where they were grown up. Some household/food wastes are rich 

about carbohydrates such as rice, pasta and vegetables, while some 

household/food wastes such as meat, fish and eggs are rich about protein 

and lipids. In addition, household/food wastes have some general 

properties such as 74-90% moisture content, 85 ± 5% high volatile solids 

fraction and 5.1 ± 0.7 average acidic pH values which can be estimated 

all around the world [27], [28]. Typical household/food wastes consist of 

biodegradable components such as carbohydrates (%41-62), proteins 

(%15-25) and lipids (%13-30). In general, household/food wastes have 

been proven to have different proportions of nutrients, micro components 

and heavy metals; but the variety was found to be very high [29]. 

Household/food wastes have relatively less C / N ratio than the C / N 

ratio (between 13.2-24.5) that have been accepted efficient [28], [30], and 

[31]. In fact, an excessive C / N ratio causes an increase in acid 

production, which inhibits methane formation; low C / N ratio also leads 

to conversion to ammonium, suppressing methanogenesis. The optimum 
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C / N ratio for biodegradable substrates is between 20 and 25. In addition, 

the optimum C / N ratio for some biomass that durable is against 

biodegradable could be up to 40. Owing to their structural characteristics, 

with their wide availability and high biodegradability organic fractions, 

food wastes are potential sources which offer high energy and they 

greatly influence the performance of anaerobic digestion (AD) [29], [32].  

Lignocellulosic Wastes: On Earth, it is one of the most abundant 

biomass sources with approximately 200-Billion-ton production [33]. 

Owing to the development in the agricultural industry by the increase in 

agricultural production, the amount of lignocellulosic waste has shown a 

great accumulation in every area of these sectors. Forestry wastes, woody 

wastes and urban wastes also contribute to this huge waste pool. An 

average urban waste consists of approximately 60% lignocellulosic 

wastes [34].  

Vegetable and fruit Wastes: In both developed and developing 

countries, fruit and vegetables are significant natural sources that provide 

vitamins, minerals and dietary fiber. The production of fruit and 

vegetables has continuously increased in Asia, South America and many 

developed countries all around the world. Asia, as the world's largest 

vegetable source, is responsible for 61% of global vegetable production. 

China, India and Brasilia meet 30% of the world fruit supply market [35]. 

Potato (81 Mt), tomato (36 Mt), citrus (29 Mt), banana (25 Mt), apple (17 

Mt), grape (17Mt) and specific crops processing industry produce large 

quantities of fruit-vegetable wastes and by-products worldwide.  

The United States Food and Agriculture Organization (FAO) statistics 

for 2013 indicated that global fruit production increased by 

approximately 3% annually in the decade that passed 804.4 million tons 

in 2012 [36]. FAO also states that approximately 36-56% of all produced 

fruits has eventually been waste [37]. The way that causes fruits to waste 

includes a wide period (such as harvesting, mechanic-processing 

damages, storage, illness and transportation). There are two types of fruit 

wastes consisting while it is being processed: solid wastes are shells, 

seeds, and membranes while liquid wastes are wash water and fruit juice 

[38]. The average volatile solid (VS) composition of fruit wastes is 78.3% 

carbohydrates, 8.5% protein and 6% fat [39] and the theoretical methane 

yield is 0.43 Nm3 CH4 / kg volatile solid or 0.04 Nm3 CH4 / kg fruit 

waste.  

Due to flavor components, methane yield from fruit wastes is much 

less than expected to be obtained [40]. These flavor components are 

classified as esters, alcohols, aldehydes, ketones, lactones and terpenoids. 

Compounds of the terpenes family such as geraniol, thymol and carvacrol 

are known as cytotoxins [41]. In research was conducted by Wikandari et 
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al. (2013) [40], it was reported that terpenotes, aldehydes and alcohols, 

which are found 0.5% ratio in fruit waste, can decrease methane 

production by 99% ratio. Limonen, which is a terpenoid and an important 

component of peel oil from citrus, causes failure in continuous 

mesophilic AD process at a concentration of 400 µL / L [42]. It also 

causes failure in continuous thermophilic AD process at a concentration 

of 450 µL / L [43]. Due to the flavor components, it is essential to treat 

fruit wastes (as pre-treatment) before using them to produce biogas.  

Animal Production Wastes: Production and classification of animal 

manure vary depending on the animal type, climate, diet, age and health 

conditions of the animal [44]. Animal manure and slurry cause a 

continues environmental pollution if it does not be appropriately 

managed. Animal manure and slurry cause continuous environmental 

pollution if it does not be managed appropriately [45]. In many recycling 

strategies, bioenergy from animal manure can provide many benefits such 

as preventing environmental pollution, reducing greenhouse gas 

emissions and obtaining valuable energy as by-products. The USA has 

scheduled to produce bioenergy from 60 Million Ton animal manure up 

to 2030 [46]. With processing 5995 Mt animal wastes in 27 countries of 

the EU, bioenergy from animal wastes has become more common [47]. 

The composition of lignocellulosic materials in animal manure varies 

depending on some factors such as the type of animal, diet, digestion and 

also type of production. In comparison with vegetable and fruit wastes, 

animal manure has higher lignocellulosic content. While cattle manure 

has the highest ratio (more than half) of lignocellulosic content in its dry 

matter, pork and poultry manure has less than 40% lignocellulosic 

content in a dry matter [48]. Storage/disposal of cattle manure in open 

areas emits unpleasant odors, has air pollutant and harmful substances 

with a greenhouse effect; it may also threaten human health with 

ammonia, volatile organic compounds, hydrogen sulfide and solid 

particles [49]. In addition to air pollution, it also causes pollution in soil 

and groundwater [50]. On the other hand, manure emits two important 

greenhouse gases; methane (CH4) and nitrite oxide (NO2) [51].  

2.1 Anaerobic digestion in waste management 

Anaerobic Digestion (AD) is a biological process conducted by 

various microorganisms under oxygen-free conditions to produce biogas. 

During the AD process, organic substances are degraded by various 

microorganisms to biogas (approximately 50-75% CH4 and 25-50% CO2) 

[52]. Organic substances are degraded in four stages in the anaerobic 

digestion process. The first stage is hydrolysis, that is accepted as a 

speed-limiting stage due to the degradation of complex polymers to 

monomers. This stage is crucial for biogas production and enhancing 

yield. Because the more it gets monomers from polymers by hydrolysis, 
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the more it gets substrates to provide to microorganisms for next stages 

[53]. In addition, during the hydrolysis stage, it may appear some 

unwanted long-chain fatty acids and toxic by-products (complex 

heterocyclic components) which can interrupt the whole stages and stop 

producing biogas [54]. The second stage is named as acidogenesis that 

monomers are degraded to long-chain fatty acid, lactic acid, pyruvic acid, 

acetic acid and formic acid. The third stage is acetogenesis. In this stage, 

some organic acids such as lactic acid, pyruvic acid are degraded to H2 

and acetic acid [55]. The fourth stage is methanogenesis, where methane 

production takes place under strict anaerobic conditions [55]. All these 4 

stages may be summarized in Figure.1 [56]. 

By anaerobic digestion, it can be eliminated organic wastes to prevent 

environmental pollution and converted to valuable products. These are i) 

wastewater and organic wastes are processed by anaerobic digestion to 

prevent environmental pollution and converted to valuable products such 

as biogas. ii) It may be prevented by greenhouse gas emission by 

effective waste management [57]. The anaerobic fermentation of organic 

wastes to produce biogas is an important application for the waste 

management strategy [58]. In the European Union (EU) the number of 

biogas plants has been increasing year by year. It has widely been used to 

eliminate some organic wastes such as manure, harvest wastes, industrial 

food wastes, and to produce biogas [59].     
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Figure 1: Biochemistry of the anaerobic digestion process (modified 

from Mkoma and Mabiki (2011)).  

3. Factors affecting the anaerobic digestion process 

There are some parameters which affect anaerobic digestion stability 

of the process. These parameters are temperature range, pH, hydraulic 

retention time (HRT), the configuration of digestion, mixing, long-chain 

fatty acid, presence of inhibitors, etc. [60]. 

Temperature; It significantly affects the microbial metabolic activity 

of communities, the solubility of various compounds and hydrolysis 

kinetics in the reactor. The microorganisms which take a mission in 

anaerobic digestion can stay alive in a wide range of temperature, but 

they are very sensitive to temperature fluctuation. Thermophilic 

methanogens and their some types require the optimum temperature to 
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overcome a higher organic loading rate. It was reported that the 

accumulation of biogas at the given temperatures: psychrophilic (at 0-20 

° C), mesophilic (at 25-40 ° C) and thermophilic (at 50-65 ° C) conditions 

[61]. 

pH; Many studies stated that pH is the most important parameter that 

affects anaerobic co-digestion [62], [63], [64]. Methanogens can stay 

alive at a wide range of pH, but at neutral pH (6.8-7.3) they show 

maximum activity. It is understood from studies that the performance of 

the reactor highly depends on the buffering capacity. In the same way, 

sewage slurry and food waste have rich content, some minerals that can 

buffer the system against the decreasing of pH [63], [64].  

Organic Loading Rate (OLR); Reactor performance is reported to 

support biogas production efficiency during anaerobic co-digestion up to 

a certain OLR increase. OLR also affects key parameters such as total 

solids (TS), volatile solids (VS), pH, oxidation-reducing potential, 

conductivity, ammonium-N+. While it can be processed effectively up to 

2-3 kg VS / m3 / day organic loading rate in mesophilic conditions; it can 

be processed in 4-5 kg VS / m3 / day thermophilic conditions [65], [66], 

[67].  

Hydraulic Retention Time (HRT); Hydraulic retention time affects the 

methane yield such as other parameters. HRT has a close relation to 

OLR; the higher HRT is, the higher OLR is [68], [69] and [70]. 

Therefore, HRT significantly affects digestion rate, microbial flux and C / 

N ratio [71], [72]. The optimized HRT supports better anaerobic 

digestion in the name of biogas yield. Many studies showed that the 

optimum methane yield (316 mL CH4/g) is observed at 25 days HRT. At 

12 days/month and 20 days/month, it was seen that the highest volatile 

fatty acid (VFA) accumulation [66], [71].  

Volatile Fatty Acids (VFA); VFA are intermediate products which are 

produced at the hydrolysis stage of the anaerobic digestion. If the 

feedstock has a low buffering capacity, and the organic loading rate is 

high, the accumulation of volatile fatty acids can cause in a pH drop that 

would inhibit methane production [73]. It was reported that the AD 

process is generally vulnerable at 3500 mg / L UYA concentration and 

above [74], [75].  

Long-Chain Fatty Acids (LCFA); LCFA are known to be inhibitors for 

methanogens and acidogenic groups at micro / macro concentrations [60]. 

Although the high organic loading rate of food waste leads to the 

accumulation of LCFA, which is an inhibitor for methanogens, there is no 

report on the inhibitory concentration of LCFAs for anaerobic co-

digestion [76], [76]. Oleic acid can inhibit methane production at even 3 
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and 300 mg/L concentration [78], [79]. The inhibitor concentration for 

anaerobic co-digestion varies from 130 mg/L to 1000 mg/L).  

Minerals; High concentration of dissolved salt (such as calcium, 

magnesium, potassium and sodium) in organic waste such as food waste 

and sewage sludge could inhibit microbial development, negatively affect 

anaerobic co-digestion or cause lower methane yield [80], [81], [82]. 

Recent studies have stated that concentrations of 2-15 g / L limit 

microbial metabolism; but it appears to improve the solubility of 

carbohydrates and proteins [31], [83]. Sodium concentrations in the range 

of 0.1-0.23 g / L are favorable for the development of acetoclastic 

methanogens and mesophilic anaerobes [31].  

Nitrogen Based Compounds; The degradable of food wastes such as 

meat and dairy products release nitrogen ions to the media. It offers the 

basic food source and buffering capacity to the system for the 

development of microorganisms at a concentration of 500 mg / L. It has a 

moderate inhibitory effect on methane production at concentrations of 

≥1500 mg / L. Ammonium ions pass through the cell wall and weaken 

the metabolic activity of methanogens, disrupting methane production; In 

addition, increasing the ammonium ion concentration allows specific 

types of methanogens to dominate within the microbial community in the 

reactor [84], [85]. 

Microbial Communities and Their Role; AD process requires different 

microbial communities and their full activity. In the first stage, the 

hydrolytic bacteria belonging to Bacteroidetes and Firmicutes are 

dominant. These species of bacteria are more durable against 

environmental conditions and have the ability to short AD process two 

times. At the second stage of AD process acidogenic bacteria belonging 

to Bacteroidetes, Chloroflexi, Firmicutes, ve Proteobacteria species 

degrade simple sugars to volatile fatty acids, CO2 and H2. Acidogenic 

bacteria include Bacteroidetes, Chloroflexi, Firmicutes, Proteobacteria. 

At the third stage, acetogenic bacteria include Pelotomaculum, 

Smithllela, Syntrophobacterhe, Syntrophus and Syntrophomonas that take 

the critic role in the AD process. Acetogens are responsible for the 

transformation of propionates, which can inhibit the metabolic activity 

and development of methanogens at low concentrations (200 ± 50 mg / 

L) [74]. At the final stage, the methanogenic arc (the group of 

microorganisms with different molecular structure) is responsible for the 

production of methane; it belongs to the groups of acetoclastic, 

hydrogenotrophic and methylotrophic bacteria [86].  

4. Biogas 

Biogas is said that “For millions of years in naturally formed marshes, 

microorganisms produce a mixture of gases containing methane, carbon 
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dioxide and trace amounts of hydrogen, nitrogen and hydrogen sulfide, 

using organic and inorganic substances for their metabolic activities in an 

oxygen-free or limited oxygen environment. This gas produced that is 

named as swamp gas, manure gas or biogas” [87]. As a simple definition 

biogas, in an oxygen-free environment, organic substances are degraded 

to a gas mixture that contains various gases (CH4, CO2, H2S, etc.). Biogas 

is produced from various organic wastes, and that offers a renewable 

energy source. Among renewable energy sources, biogas (CH4) offers an 

alternative to fossil fuels [88]. Typical biogas composes of 60-70% 

methane, 30-35% carbon dioxide, 1-2% hydrogen sulfide and 0,3-3% 

nitrogen [89], [90]. Biogas is produced from vegetable, animal, urban and 

industrial wastes which have high organic matter content. Agricultural 

wastes are an important resource among vegetable wastes; unused parts 

of grains such as stalks, straw, rice, corn stalks, oil plants (canola, 

rapeseed) and wastes of forest products. In addition, animal wastes 

include especially cattle, sheep and poultry waste, slaughterhouse wastes; 

sewage and food industry wastes among urban and industrial wastes are 

rich resources for biogas production [91].  

4.1 Physical properties of biogas 

Biogas produced by anaerobic digestion that composes of various 

gases such as (CH4-%60), carbon dioxide (CO2-%40) and a trace amount 

of hydrogen sulfide (H2S), hydrogen (H2), nitrogen (N2), carbon 

monoxide (CO), oxygen (O2), water vapor (H2O), other gases and volatile 

organic compounds [92]. The density of biogas is 1.3 kg/m3, and the 

ignition temperature is 650-750 ºC. If the volume of biogas is >%45, it 

will be flammable [93]. The calorie value of methane offers between 21-

24 MJ / m3 or about 6 kWh / m3 of heat or 2 kW / m3 of electrical energy. 

This supplied energy can be used many purposes such as heating, 

cooking, lighting or producing electric energy [94]. The energy content of 

1.0 m3 pure biogas is equal to 1.1 lt gasoline, 1.7 lt bioethanol or 0.97 m3 

natural gas [95]. The heating value (55.5 MJ / kg) of 1 kg of methane 

depends on the composition of the biogas and corresponds to 1.2 kg of 

diesel or 3.7 kg of tree wood [96].  

4.2.  Biogas production 

Biogas is produced by anaerobic digestion from many organic wastes 

such as agricultural wastes, animal wastes and urban wastes. Anaerobic 

digestion is defined that organic substances are degraded to methane and 

carbon dioxide in an oxygen-free environment [97]. As it was mentioned 

before that biogas production is composed of four stages: hydrolysis, 

acidogenesis, acetogenesis and methanogenesis. In order to all these 

stages are processing well, two different wastes should be used together. 

This is anaerobic co-digestion that offers more biogas production and 
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yields. In anaerobic co-digestion, some factors that may be affecting 

anaerobic digestion process such as C/N ratio, pH, OLR (organic loading 

rate)   could be kept under control when compared with single anaerobic 

digestion [98]. Nutrition balance (carbon, nitrogen, phosphorus and 

sulphur, etc.) is very important for microorganism to get activity. 

Optimum C/N ratio is between 15 and 45, and anaerobic co-digestion can 

ensure the suitable ratio against acidic or ammonium inhibition [95], [99]. 

Anaerobic co-digestion, the intended anaerobic digestion of a mixture of 

two or more substrates that improves nutrient balance (C / N ratio) and 

optimizes bacterial growth by providing a more balanced composition 

content and feedstock. As a result, a significant increase in biogas 

production and efficiency is achieved [95].  

4.3 Pre-treatments applying to biomass in the production of 

biogas 

Pre-treatment is a key factor leading microorganisms to substrates 

easily and improving the bioconversion of organic substances into 

methane effectively. In order to increase biogas production and yield, 

pre-treatment methods applying to biomass which are divided into 4 

sections. It may be stated these pre-treatments methods as physical, 

chemical, biological, and combination of these methods. It was reported 

that physical/mechanic among these methods is effective to break 

biomass into small parts for the next sections [100], [101], [102]. 

Thermal and microwave pre-treatments are among the most common and 

most effective pre-treatment types, which are widely used in continuous 

reactor types. Pretreatment methods vary significantly depending on the 

type and nature of waste [103], [104], [105], [106]. Kneading, crushing 

and chopping, which are among the mechanical pre-treatment methods, 

increase the surface area of the biomass and provide the substrate release 

for the anaerobic digestive microbial flora [107]. Owing to the low cost 

of biologic pre-treatment and not using chemicals are positive sites of this 

method [108]. Mechanical pre-treatment methods such as kneading, 

crushing and chopping have high energy demand. In addition, it requires 

the use of chemicals that have harmful and corrosive effects on the 

environment. For these reasons, a composition of these pre-treatment 

methods should be used to process biomass effectively and productively 

[109], [110]. Even though the high temperatures (180 °C – 210 °C) are 

widely used as a pre-treatment, high temperature is not suitable for biogas 

production. Lower temperatures (< 120 °C) are suitable for biogas 

production, and they may be utilized as a thermal pre-treatment. In 

addition to this, thermal pre-treatment offers several potential advantages 

that can be provided, such as avoiding chemicals, low-pressure 

requirement and low energy input [111], [112]. Common pre-treatment 

types may be stated as thermal, microwave, ultrasonic, chemical and 
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biological pre-treatment. Which one is suitable that is depending on the 

properties of the substrate. 

5. Conclusion 

To produce biogas from organic wastes, some important factors such 

as C/N ratio, pH, OLR (organic loading rate) etc. are expected to be 

effective to biogas production process accordance with the current 

researches and knowledge. Also mixing speed, hydraulic retention time 

and temperature could be effective over biogas production and yield. 

Every single factor needs to be taken attention to optimizing the whole 

production process for next researches.  

Pre-treatment is another important subject that we have to mention. 

There are some pre-treatment methods (such as microwave, thermal, 

alkaline, acidic, ultrasonic, and biological pre-treatment) being used in 

biogas production. However, in choosing which method is suitable, there 

are other matters such as energy-saving, labor, applicability, 

environmental-friendly and sustainability have been carrying 

significance. 

As it is known that it obtains organic manure after anaerobic digestion 

process of organic wastes. It is needed to research more about 

fermentative manure for using it in agricultural application. As renewable 

energy sources usage of organic wastes is to provide sustainable 

economic energy, cheaper, and healthier agricultural production. It is also 

important to protect our planet against global warming and environmental 

pollution by eliminating organic wastes. 
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1. Introduction 

Composite materials are created by combining two or more different 

materials. In this case, it maintains its chemical and mechanical properties 

in the materials that come together. The most important advantages that 

distinguish composite materials from other materials are their lightness and 

strength values [1].  

Gypsum is one of the building materials that have reached today from 

ancient times. Archaeological findings indicate that the gypsum 

applications date back to 7000 BC. Modern construction technology can 

use the gypsum products that appear in waste form as well as gypsum as 

raw materials [2]. 

Gypsum-based materials, which can be used in the form of wall panels 

and boards in residential or commercial buildings, are among the 

sustainable building materials due to their lightness, economicity and ease 

of application. When supported with appropriate additives, 

disadvantageous situations can be developed [3]. 

Considering today's structures and construction techniques, it has 

become necessary to develop and support gypsum-based binders, materials 

or products economically and technically. In addition to the fact that the 

gypsum material has a very good temperature behavior, has an insulating 

property, it has disadvantages such as being brittle, low resistance to water 

and high creep in wet condition [4].  

Basalt is a natural raw material consisting of frozen lava with a melting 

temperature of 1300-1500 0C [5]. Due to the geological feature of the 

Anatolian geography, basalts, which have been used in many regions and 

used throughout history, continue to be used today [6].   

Basalt fiber is the inorganic fiber obtained by melting the basalt. It is 

completely environmentally and friendly inorganic; has no harmful effects 

on humanity and ecology [7]. Other advantages include high heat 

resistance, high resistance to chemical attacks, high shear strength and easy 

commercial availability [8]. 
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There are different studies in the literature in this direction. Pardo et al. 

[9] have determined that the rice husk has a positive effect on the 

mechanical properties of composite materials produced by combining rice 

husk and polystyrene materials with gypsum-plaster. Vasconceleos et al. 

[10] in their experimental study on gypsum-based composite material 

produced using textile fiber, they determined that the fiber additive had an 

effect on the fracture energy results. Carvalho et al. [11] stated that the 

natural fiber additive affects the water/gypsum ratio but has a positive 

effect on impact resistance as a result of the experimental study in which 

they examined the microstructures of natural fiber added gypsum-based 

composites. Abad-Farfan et al. [12] carried out experimental studies on the 

temperature behavior of gypsum-based composites produced using 

different filling materials. Amara et al. [13] found that palm tree fiber 

reduced thermal conductivity as a result of their experimental studies on 

gypsum-based composite material produced using palm tree fiber. For this 

purpose, in this study, different basalt fiber and gypsum/water ratio 

composites were produced and their physical and mechanical properties 

were investigated. 

2. Materials and methods 

2.1. Materials 

Gypsum according to the TS EN 13279-1[14] was used in the 

experimental investigation. The properties of the gypsum were presented 

in Table 1. Particle size distribution analysis of gypsum is given in Fig. 1. 

All of the gypsum grains are under 1000m. 

Table 1 Properties of gypsum 

Properties Value 

Compressive Strength (MPa) 2.5 

Flexural Strength (MPa) 1.0 

Dry density (kg/m3) 600-1000 

First setting (min) >50 

Final setting (min) 180 
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Fig. 1. Particle size distribution of gypsum  

Basalt fiber (BF) with a length of 24 mm was used in the study and its 

technical properties are given in Table 2 (Fig.2). 

Table 2 Properties of basalt fiber 

Properties Tensile 

Strength 

(MPa) 

Modul of 

Elasticity 

(GPa) 

Fiber 

Diameter 

(m) 

Fiber 

Length 

(mm) 

Specific 

Gravity 

(g/cm3) 

Basalt Fiber 4850 86 10-22 24 2.64 

 

 

Fig. 2. Basalt fiber 

Three different water/gypsum ratios (0.60-0.65-0.70) were used in the 

preparation of the mixtures. In addition, 0.5% - 1% - 1.5% - 2% of the 

amount of gypsum-plaster in the mixture was added to basalt fiber. In order 

to increase the consistency of the mixture, a naphthalene sulfonate-based 

superplasticizer (SP) additive was used at the rate of 1% of the gypsum-

plaster. Prismatic test molds with dimensions of 4x4x16 cm were used to 

shape the test samples. Mixing ratios for the production of test samples are 

given in the Table 3. 
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Table 3 Mixing ratios 

W/G 0.60 0.65 0.70 

Series Gypsum 

(g) 

Water 

(g) 

SP 

(%) 

BF 

(%) 

Gypsum 

(g) 

Water 

(g) 

SP 

(%) 

BF 

(%) 

Gypsum 

(g) 

Water 

(g) 

SP 

(%) 

BF 

(%) 

WT 1333.3 800 1 0 1230.8 800 1 0 1142.8 800 1 0 

BF0.5 1333.3 800 1 0.5 1230.8 800 1 0.5 1142.8 800 1 0.5 

BF1 1333.3 800 1 1 1230.8 800 1 1 1142.8 800 1 1 

BF1.5 1333.3 800 1 1.5 1230.8 800 1 1.5 1142.8 800 1 1.5 

BF2 1333.3 800 1 2 1230.8 800 1 2 1142.8 800 1 2 

2.2. Methods 

For the production of experiment samples, forced action mixer was 

used. Gypsum plaster and basalt fiber mixture was added to the water and 

mixed without agglomeration. The mortars that have a suitable consistency 

in the mixer are taken into prismatic molds of 4x4x16 cm and left to dry in 

natural weather conditions (Fig.3). The bulk density of the samples were 

made according to the constant weight method, in accordance with the TS 

EN 13279-2 [15] standard. Ultrasonic pulse velocity (UPV) measurements 

were carried out in accordance with ASTM C 597 [16]. Compressive and 

flexural strength tests were carried out in accordance with the TS 

EN13279-2 [15] standard. 

 

 

 

 

 

 

 

 
Fig. 3. Produce of experimental samples 

3. Results and discussion 

3.1. Bulk density results 

Bulk density results of the test samples are given in Fig. 4(a-c). Due to 

the increase in the W/G ratio in the mixing ratios, a decrease in bulk density 

values was detected. 
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Fig. 4. Bulk density results; (a) 0.60 W/G, (b) 0.65 W/G, (c) 0.70 W/G 

The highest bulk density values in all W/G ratios were determined in 

BF2 series. Bulk density values increased due to the increase in the amount 

of basalt fiber in the mixture. In mixtures with 0.60 W/G ratio, an increase 

of %9.90 in BF2 series bulk density was detected compared to the witness 

(WT) sample. This value was determined as %6.66 in mixtures with 0.65 

W/G ratio and %5.15 in mixtures with 0.70 W/G ratio. With the increase 

of water in the mixture, an increase in void volume may occur and a 
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decrease in density values may be observed [17]. This information supports 

decreasing density values due to the increase in the amount of water in the 

mixture. In addition, the density of the Basalt fiber was higher than the 

gypsum-plaster, causing an increase in bulk density values in all series due 

to the increase of the amount of basalt fiber in the mixture. 

3.2. Ultrasonic pulse velocity results 

The ultrasonic pulse velocity is included in the non-destructive test 

methods. The use of non-destructive testing methods in building 

construction provides many advantages. These; economy, time saving and 

security. These tests can give information about the strength of the building 

materials, the gap structure, the cracks and deformation that exist in its 

structure [18]. Ultrasonic pulse velocity results of the experiment samples 

are given in Fig. 5(a-c). 
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Fig. 5. UPV results; (a) 0.60 W/G, (b) 0.65 W/G, (c) 0.70 W/G 

The highest UPV values were determined in the series of 0.60 W/G 

ratio. The lowest UPV values were observed in series with 0.70 W/G ratio. 

In all series, an increase in the ultrasonic pulse velocity values was 

determined depending on the increase in the amount of basalt fiber in the 

mixture. UPV values may vary depending on the density and void volume 

of the material [19]. Depending on the decrease in bulk density and the 

increase in void volume, sound waves will leave the material later and this 

will cause the UPV values to decrease [20]. Ultrasonic pulse velocity 

values, which decrease due to the increase in the amount of water in the 

mixing ratios, support this information. A decrease in ultrasonic pulse 

velocity values was observed in all series due to increase in the amount of 

basalt fiber. The homogeneity of the mixture can change with the addition 

of fibers [21]. The change in the consistency of the mixtures with the 

addition of basalt fiber may have affected homogeneity. It is thought that 

this situation may cause the decrease in UPV values due to the increase of 

basalt fiber ratio. 

3.3. Compressive strength results 

Compressive strength results of basalt fiber additive series with three 

different W/G ratios are given in the Fig. 6. As a result of the increase in 

the amount of water in the mixture; there was a decrease in compressive 

strength values of all series. The compressive strength is affected by the 

void volume in the material, and the compressive strength of the materials 

with high solid volume may be higher than the materials with high void 

volume [22]. In bulk density findings, a decrease was observed in the 

values due to the increase in the amount of water in the mixture ratio. 

Accordingly, the findings of compressive strength and bulk density 

findings support each other.  
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Fig. 6. Compressive strength results; (a) 0.60 W/G, (b) 0.65 W/G, (c) 

0.70 W/G 

Increase in the amount of basalt fiber in the mixture; it caused an 

increase in compressive strength values in all series. The lowest 

compressive strength value was determined as 4.29 MPa in BF2 series in 

mixtures with 0.70 W/G ratio. In series with 0.60 W/G ratio, the highest 

compressive strength value was determined as 6.81 MPa in BF2 series. In 

series with 0.65 W/G ratio, the highest compressive strength value was 
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determined as 5.06 MPa in BF1 series. In series with 0.70 W/G ratio, the 

highest compressive strength value was determined as 4.29 MPa in BF2 

series. Basalt fiber, in the series with 0.60 W/G ratio, caused a %53.37 

increase in compressive strength when the highest compressive strength 

value obtained was compared with the witness sample value. This situation 

was determined as %16.58 in the series with 0.65 W/G ratio. Likewise, in 

the series with 0.70 W/G ratio, it was determined as %31.59. 

The compressive strength is mainly affected by the properties of 

component and mortar matrix [23]. The amorphousness in the crystal 

structure of basalt fiber can contribute to the development of compressive 

strength values. The more dense structure formed by the addition of basalt 

fiber may behave like aggregate [24]. This is thought to be the reason for 

increasing compressive strength values due to the increase in the amount 

of basalt fiber in all series. 

3.4. Flexural strength results 

Flexural strength test results of basalt fiber additive with three 

different W/G ratios and witness samples are given in Fig. 7. With the 

addition of basalt fiber in all series, flexural strength values increased 

compared witness samples.  
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Fig. 7. Felxural strength results; (a) 0.60 W/G, (b) 0.65 W/G, (c) 0.70 

W/G 

The highest flexural strength values were determined as 6.02 MPa in 

BF2 series with 0.60 W/G ratio. The lowest flexural strength values were 

determined as 3.38 MPa in BF2 series with 0.70 W/G ratio. When the series 

with witness samples (WT) are compared among themselves, the highest 

flexural strength values were determined at the rate of 0.65 W/G. In the 

series with 0.60 W/G ratio, the increase in the flexural strength value of 

BF2 series with the highest flexural strength was determined as 4.78 MPa 

compared to the WT series. The same comparison value was determined 

as 2.16 MPa in the series with 0.65 W/G ratio and 2.36 MPa in the series 

with 0.70 W/G ratio.  

4. Conclusion 

As a result of the experimental study investigating the 

manufacturability of composite building material by using gypsum-plaster 

together with basalt fiber, the following results were achieved; 

 The increase in the amount of water in the mixture decreased the 

bulk density values. 

 The increase of basalt fiber additive in the mixture increased the 

compressive strength values. 

 Increasing basalt fiber admixture in the mixture increased 

flexural strength values. 

 The best mechanical property data were determined in series with 

0.60 W/G ratio. 
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1. Introduction 

The service composition is modular and coordinator of combined multi 

services—with multi-agent—to find a solution for NP-hard problems. It 

exposes a vast number of similar single services for different service 

providers in the cloud [9].  Multi-agent based is the best solution to use 

CMfg on cloud computing for flexibility and distributed resources network 

through using Qos for management in composition services [1]. Service 

providers and customers can dynamically publish, discover, and invoke 

services through it [5]. Service-based cloud computing is indeed a 

computing service—extends the research on combining distributed 

processing—and parallels processing to grid computing. Service life-cycle 

has consisted of service development, service registration, and service 

delivery. The three stages divided into offline and online—according to the 

service—and it is a correspondence to the quality of service [6]. 

Orchestration deployment of services in the cloud—from main 

functionality controlled in Fusion—finds the best service resolution for 

executable deployment components during the initial requests for the same 

services before than services’ requests [2].  

MQSC is based on multi-agent service composition for distributed 

algorithms in service tasks [3]. Multi-Agent system represents computing 

paradigm—based on multiple interacting agents—that are capable of 

intelligent reaction. The software agent uses some AI approach that is 

based on cooperation among several agents and solves a sizeable complex 

problem that keeps time execution at a lower level. The main focus of cloud 

computing is the efficient use of the infrastructure at a reduced cost. [8]. 

The basis of cloud computing is to create a set of virtual servers that are 

available for the clients. The code partitioning algorithm identifies the 

number of final partitions, based on the number of component web services 

in the composite web service [10-11]. Any web-assisted device can be used 

to access the resources through the main criteria of research. It gives a 

flexible environment to the client. Besides, because of the multi-agent 

process, it takes place conveniently. Moreover, the average time is also 

reduced at the time of service composition—because of agents [7]. 
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2. Composition Algorithms 

Composition technology has been comprehensively studied in service-

oriented architecture (SOA) [16]. Combined services are the combination 

of one or more similar and straightforward services, and the 

implementation of hybrid services is done by agents that are similarly 

compatible and can work together. By combining the QOS combination to 

drive goals (speeding up and reducing time and cost), they can 

simultaneously have an optimized response. 

2.1.  ACO Algorithm  

ACO is an evolution of the simulation algorithm proposed by Dorigo et 

al. [12]. It was inspired by the behavior of a real ant colony when 

programmers noticed similarities between the ants’ food-hunting activities 

and the traveling salesman problem (TSP). Dorigo et al. [12] successfully 

solved the TSP problem by using the same principle that ants use to find 

the shortest route to a food source—which is fulfilled through 

communication and cooperation. ACO has been successfully applied to 

system fault detecting, job-shop scheduling, frequency assignment, 

network load balancing, graph coloring, robotics, and other combinational 

optimization problems [12]. In ACO, artificial ants travel in a graph to 

search for optimal paths according to pheromone and problem-specific 

local heuristics information. Pheromone information is assigned to the 

edges of the graph and is evaporated at a specific rate at each iteration. It 

is also updated according to the quality of the solutions containing this edge 

[13]. The ACO algorithm cannot respond to any request from services and 

coordinate composite service in cloud systems. Therefore, the developed 

algorithm enhances the satisfaction and responsiveness of web services and 

can serve as a convincing substitute for cloud systems. 

2.1.1.  ACO Algorithm Merit Function 

To determine the satisfaction of this algorithm, all new elements, 

parameters, and variables should be used to improve this algorithm in order 

to increase the evaluation of the suitability of ant algorithm and to do so, 

two basic principles for calculating the algorithm must be considered; 

 Ants’ spent pheromones to reach the desired path; 

 Ants’ time to reach the shortest path through the pheromones is 

discussed. 

In this relation 𝑝𝑖𝑗
𝑛 the pheromone is the relation of merit that has two 

vector components; i, j. In this case, i is the vector x, and j is the vector y 

to n and τ_ (i1j1 and i2j2) pheromones of the pathways have α = 1, β = 1, 
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and γ = 1 values. α is the pheromone magnification coefficient, and β is a 

magnification coefficient of paths. Besides, 𝜂𝑖1𝑗1و𝑖2𝑗2 and ℎ𝑖1𝑗1 are cost 

and time over ants. The denominator of the sum of the paths taken with the 

assumption of service = s and cloud = c in the paths and l is the length of 

the paths i, j in computing the pheromone formula in the ant algorithm. The 

ACO pheromone calculation benefit function is as such; 

𝐴𝐶𝑂_𝑝𝑖𝑗
𝑛 =

[𝜏𝑖1𝑗1]𝛼[𝜂𝑖1𝑗1]𝛽[ℎ𝑖1𝑗1]𝛾

∑ [𝜏𝑖1𝑗1]𝛼[𝜂𝑖1𝑗1]𝛽
𝑙𝑖1𝑗1و𝑖2𝑗2

𝑠=1و𝑐=1

 

2.1.2.  Computing Time of Ant Algorithm 

In computing the time of the ant algorithm, this algorithm is based on 

pheromones that pass by time to time, followed by other ants that are 

seeking to obtain pheromones along the path to calculate the shortest path. 

Pheromones are used to select the shortest route based on the paths taken 

and eventually expanding from the points of evaporated chemical 

pheromones. It is fulfilled based on the volatile time that becomes a state 

of traceable time; so that other ants can reach their unique target at an 

optimally reflective time. The so-called stand-alone algorithm in the 

combination of composite services is calculated from a distinct formula. 

The Ant-based algorithm cost calculation is useful for calculating the 

cost formula of parameters such as d, i, and j, taking into account the initial 

cost that is equal to zero and the cost of the next route over the total distance 

cost. Based on this formula, the lowest cost can be selected from the 

available routes. Ant algorithm cost calculation formula is as follows; 

 𝐴𝐶𝑂_𝑐𝑜𝑠𝑡i𝑗𝑑𝑠
=

𝑐𝑜𝑠𝑡(𝑡)𝑖𝑗𝑑𝑠
+ 𝑐𝑜𝑠𝑡(𝑡 + 1)𝑖𝑗𝑑𝑠

∑ 𝑐𝑜𝑠𝑡(𝑡 + 1)𝑖𝑗𝑑𝑠
𝑘
𝑖𝑗𝑑𝑠

+ ∆𝜏𝑖𝑗𝑠

 

2.2. ABC Algorithm        

The standard ABC performs well when dealing with single-objective 

optimization and achieves good solution quality and high convergence 

speed [14]. The exchange of information among bees is effective in the 

formation of collective knowledge and distinguish some parts in all hives. 

The most important part of the hive concerns exchanged information that 

is the dancing area—related to the quality of food sources among bees—

which is called a waggle dance. Since information about all the current rich 

sources is available to an onlooker on the dance floor, it probably watches 

numerous dances and decides to employ itself at the most profitable source. 

There is a higher probability of onlookers who choose more profitable 

sources since more information is circulated about the more profitable 

sources. Hence, recruitment is proportional to the profitability of the food 

source [15]. 
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2.2.1. The Bee Algorithm Fit Function 

The basis of the bee algorithm’s performance is based on the proper 

selection of the bee in the behavior of the bees to achieve more nectar. 

Since birth, more attention has been given to the specific goal of the bees 

by shortening the way for the bees to reach and feed the bees with emphasis 

on more nectars. In order to reduce the cost of wasting more data, two basic 

principles must be considered when calculating this algorithm that is as 

follows; 

 The cost of the bee to reach the most nectar with the smallest 

flight; 

 Bee time to reach the nectar with the least time wasted among the 

available nectar Computation of bee algorithm competence is like; 

𝐵𝐶𝑂_𝑝𝑖𝑗
𝑛 =

[𝑁𝑖1𝑗1]𝛼[𝜁𝑖1𝑗1]𝛽[ℎ𝑖1𝑗1]𝛾

∑ [𝑁𝑖1𝑗1]𝛼[𝜁𝑖1𝑗1]𝛽
𝑙𝑖1𝑗1و𝑖2𝑗2

𝑠=1و𝐶=1

 

In the above relation, the pheromone 𝑝𝑖𝑗
𝑛  is the competence relation that 

has two vector components i, j where i is the vector x, and j is the vector y 

to 𝑁𝑖1𝑗1و 𝑖2𝑗2. Nectar is the pollen that the bee seeks, with values of α = 1, 

1 = 1, and 1 = 1. α is the nectar magnification coefficient, and the β is 

magnification coefficient of the paths 𝜁𝑖1𝑗1. Moreover, h is the specified 

path edge, and the denominator of the fraction of total traveled paths—

including service on the routes—for l times is more than the length of the 

paths, I and j. In calculating the total route traveled, the weight of service 

traveled depends on the route traveled in the bee algorithm. 

2.2.2. Calculating the Time of the Bee Algorithm 

The time calculation of the bee algorithm is based on how much the 

bees are interested in nectars. Accordingly, the amount of time it takes for 

the bees to find the optimal nectar and achieve its goal is calculated. The 

bees rotate gently to reach their target. Here is the time needed to find the 

nectar data needed to meet the needs of the bees interested in precisely 

searching for paths that would lead them to more nectars through hybrid 

services. Accordingly, in this study, it is necessary to obtain the juice. 

Therefore, at 𝜁𝑖𝑗𝑠
, i and j divide the service into 𝑑𝑖𝑗 to obtain the maximum 

juice in the service. 

In the formula 𝜏𝑖𝑗𝑠𝑑(𝑡) the amount of juice in service is equal to the 

amount of route i, j. The total distance traveled by the service at i, j at node 

k at t. Circulation is the path to obtain the total pheromone circulation in 

the path i, j in the service. In the formula, with the original diameter of 
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nectar saliva matrix N in the bee, is calculated for the cost of nectar as 

follows: 

𝐵𝐶𝑂_𝑡𝑖𝑚𝑒𝑖𝑗𝑑𝑠
= 𝑡𝑖𝑚𝑒𝑖𝑗𝑑𝑠

(𝑡) +
𝜁𝑖𝑗𝑠

+ 𝑁𝑖𝑗𝑠𝑑(𝑡)

∑ (1 − 𝜌)𝑖𝑗𝑠

𝑘 + Δ𝑁𝑖𝑗𝑑𝑠
𝑘
𝑖𝑗𝑑𝑠

 

2.2.3. Calculate the Cost of the Bee Algorithm 

It is useful to calculate the cost of the bee algorithm based on the 

formula calculation of the cost parameters such as d and i, j, that are taking 

into account the initial cost as equal as zero. The cost of the subsequent 

route over the total distance costs and based on this formula, the cost of the 

best route can be selected as follows: 

 𝐵𝐶𝑂_𝑐𝑜𝑠𝑡i𝑗𝑑𝑠
=

𝑐𝑜𝑠𝑡(𝑡)𝑖𝑗𝑑𝑠
+ 𝑐𝑜𝑠𝑡(𝑡 + 1)𝑖𝑗𝑑𝑠

∑ 𝑐𝑜𝑠𝑡(𝑡 + 1)𝑖𝑗𝑑𝑠
𝑘
𝑖𝑗𝑑𝑠

+ ∆𝑁𝑖𝑗𝑐𝑠

 

3. Suggested Model 

In this study, according to the general definition of the proposed 

method, the hybrid algorithm derived from the two ant algorithms (ACO) 

and the bee algorithm (ABC) used in the hybrid services is used as a 

descriptor of the general model scheme based on the needs of users. It 

reduces the search time that is embedded in them. It has two essential 

features in the following proposed algorithm model: 

A. Using the Hybrid Algorithm, you can reduce execution time in 

services using the hybrid algorithm. You can effectively reduce time in 

services by using the combined algorithm SHACACS and reduce the run 

time in hybrid services.  

B. Using the SHACACS hybrid algorithm derived from the 

combination of the Ant Algorithm (ACO) and the Bee Algorithm (ABC) 

can dramatically reduce the running cost of the hybrid services using the 

proposed SHACACS algorithm. 

In this proposed algorithm, SHACACS can significantly address 

existing service needs in hybrid services by an efficient approach to hybrid 

services using the SHACACS hybrid algorithm derived from the 

combination of the two ant algorithms (ACO) and the bee algorithm 

(ABC). This has led to the creation of a hybrid algorithm for hybrid 

services that are fully described in the proposed model: The proposed 

method in parallel by implementing the mentioned algorithms in the form 

of an agent in the cloud service promotes positive performance and 

achieves the best performance in combined services. Based on the 

performance of the service in the agents, as well as the parallelization, we 
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have to design a new system to improve the performance in cases such as 

time and cost in order to use it to improve the combined services. 

 

Figure1. SHACACS Model 

By using this proposed method, which starts with Start, the x, y paths 

are selected as random by generating data. In this proposed method, we 

have two factors, x, and y, each of which is connected to an algorithm. x is 

related to the ACO (ant algorithm) factor and the connected (equipped) x-

factor, which is designed and refurbished to improve combination services. 

y is also connected to ABC (bee algorithm), which is designed to serve 

combined services better. Each of these improved algorithms achieves the 

optimal answer separately. In summary, according to the proposed model 

of the SHACACS algorithm, each has access to two different responses—

according to the specified function. After determining the specified 

answers, x goes to the agent controller to combine it in parallel in such a 

way that it can create the best answer for the users. 

In the next step, x goes back to the recovery section, and in this step, it 

goes through the filtering of the results. It is made from a combination of 

bee and ant algorithms. As a result, the minimum cost and time, and the 

fitness function are again improved and coordinated, centralized, and sent 

to the cloud computing service whenever the answer is finalized. In this 

case, the combined service can use it, and the service will start working. 

The principle of the service used in this algorithm combines the ant and 

bee algorithm in a coordinated and parallel manner between the ant and 

bee algorithms to optimize time, cost, and functionality. If it is minimal, 

the answers will be sent in parallel to run the services in the cloud. 

At this stage, to improve the desired algorithm, the SHACACS 

algorithm completes the answers to integrate the previous algorithms, and 
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previous results that are entered into action and minimally combines the 

desired answers by acknowledging the evolution of services and sends 

them to the output minimally. The SHACACS algorithm is a combination 

of ant and bee algorithms, using a combination of factors in the cloud to 

form a logical and complete answer for the combination of several 

algorithms. From this proposed SHACACS hybrid algorithm, it is possible 

to achieve the desired goals, such as reducing time and cost and increase 

the execution speed in hybrid services in order to combine services in 

hybrid services. 

122



 
 

 

Figure2. SHACACS Semicode 
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3.1. Compose Algorithms 

This proposed SHACACS algorithm, using a combination of ant 

algorithm (ACO) and bee algorithm (ABC), can use a combination of 

algorithms according to Figure1. This proposed SHACACS algorithm can 

significantly lead to a more efficient and efficient method for combined 

services using the SHACACS hybrid algorithm in meeting the current 

needs of services in hybrid services. The combination of the two ant 

algorithms (ACO) and the bee algorithm (ABC) to better understand this 

proposed algorithm is to create a model of the proposed SHACACS 

algorithm in the form of a model in which all the different parts are 

displayed and can be used by using the algorithm. The ant (ACO) and the 

bee algorithm (ABC) lead to the creation of a hybrid algorithm for hybrid 

services.  

The proposed method, by implementing the mentioned algorithms in 

the form of agents in services in clouds in parallel, promotes positive 

performance to achieve the best performance in combined services. Based 

on the performance of services in factors and parallelism, we have to 

design a new system to improve performance relationships such as time 

and cost for hybrid services. Due to the definitions of the mentioned 

algorithms, these algorithms cannot normally continue to work in 

convergence (parallel centralized) and meet the needs of users in hybrid 

services. Therefore, the use of SHACACS hybrid algorithm has many 

advantages compared to the mentioned algorithms, which are: 

 Implement ant and bee algorithms in parallel; 

 Execution of algorithms; 

 Reduce execution time; 

 Reduction in costs; 

 Improve algorithms to service combined services; 

 Improved search quality in hybrid services; 

 The principles of the optimized algorithm are the use of ant and 

bee algorithms, which are based on finding the best competency function 

and parallelizing the algorithms for cloud services simultaneously to 

perform combined services in services. 

 Combined Juice: Juice is a substance that is chemically removed 

from the saliva of a mixed insect. For the services available in the agents, 

the comparison of the ant and bee algorithm plays an essential role that it 

can perform better in the appropriate situation than the desired service in 

the combined services.  
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In this proposed method, the factors that use the two algorithms (ACO, 

ABC) in the combined services make able to act according to the needs of 

users to reduce search time and cost for services available on web services. 

The advantages of this algorithm can be mentioned as follows: 

 Combined juice: In the combined algorithm, by using the 

combined juice in the agents, a better position and competence can be 

obtained than the desired service in the combined services. 

 Integrated eye: In the combined algorithm based on the use of 

ACO and ABC algorithms, the integrated eye can play an essential role in 

better determining the combined services, to achieve the desired goal with 

high accuracy and better performance. 

 Integrated wing: so that the combined algorithm can quickly get 

rid of obstacles and network traffic in the combined services and reach the 

desired goal faster. 

 Integrated horns: Ants and bees use fused horns for a better sense 

of smell and optimal search of the path so that they can optimize the service 

request and provide the right combination for combined services. 

4. Evaluation 

This algorithm includes time function and cost function, according to 

ant and bee algorithms. This algorithm has double eyes (Eye fly exactly) 

for better vision than ant and bee algorithms. The ant algorithm uses the 

pheromone as a substitute for better vision due to its weak eyes. Bees have 

a more robust vision than ants. When combined, the eyes of these two 

insects become healthy eyes, which is not very efficient. In this way, two 

accurate double eyes are used to reduce traffic, two wings are used, which 

can fly against the obstacles in flight, away from the traffic of the route and 

the dead-end of the transfer route. In addition, the insect’s sting increases 

the optimal search speed to reduce time loss during juice suction, leading 

to a so-called algorithm (SHACACS) that can increase the speed and 

reduce additional activity in combination services: 

𝐵𝑒𝑠𝑡𝑇𝑖𝑚𝑒𝐻𝑌𝐵𝐴𝐶𝑂,𝐴𝐵𝐶 = 𝐵𝑒𝑠𝑡𝑇𝑖𝑚𝑒𝐴𝐶𝑂 + 𝐵𝑒𝑠𝑡𝑇𝑖𝑚𝑒𝐴𝐵𝐶 × 𝑗𝑢𝑖𝑐𝑒 

4.1. SHACACS algorithm time calculation function 

The combined time function of the SHACACS algorithm is the way 

that it first calculates the shortest time traveled by ants and then selects the 

best routes traveled by bees. The juice is the best way to find the service 

optimized for agents (ants and bees) to combine services in cloud systems. 

𝐵𝑒𝑠𝑡𝐶𝑜𝑠𝑡𝐻𝑌𝐵𝐴𝐶𝑂,𝐴𝐵𝐶 = 𝑗𝑢𝑖𝑐𝑒 × 𝐵𝑒𝑠𝑡𝐶𝑜𝑠𝑡𝐴𝐶𝑂 + 𝐵𝑒𝑠𝑡𝐶𝑜𝑠𝑡𝐴𝐵𝐶 × 𝑗𝑢𝑖𝑐𝑒 
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4.2. The SHACACS algorithm cost calculation function 

The combined cost function of the SHACACS algorithm is that it first 

measures the best path traversed by ants and then selects the best path 

traversed by bees. The juice is a combination of agents (ants and bees) to 

combine cloud services to increase the speed of finding the best-optimized 

service. 

𝐹𝑖𝑡𝑛𝑒𝑠𝑠𝐻𝑌𝐵𝐴𝐶𝑂,𝐴𝐵𝐶

= 𝑎𝑙𝑝ℎ𝑎 × (𝑐𝑠 × 𝐵𝑒𝑠𝑡𝐹𝑖𝑡𝑛𝑒𝑠𝑠𝐴𝐵𝐶)

×
𝑏𝑒𝑡𝑎(𝑐𝑠 × 𝐵𝑒𝑠𝑡𝐹𝑖𝑡𝑛𝑒𝑠𝑠𝐴𝐶𝑂)

𝑊𝑖𝑛𝑔𝑒𝑑𝑎𝑛𝑖𝑚𝑎𝑙
× 𝑄𝑜𝑠 

4.3. SHACACS hybrid algorithm competency function 

𝑊𝑖𝑛𝑔𝑒𝑑𝑎𝑛𝑖𝑚𝑎𝑙 = 𝑓𝑙𝑦 × 𝑒𝑦𝑒𝑓𝑙𝑦𝑒𝑥𝑎𝑐𝑡𝑙𝑡
× (𝐴𝐶𝑂, 𝐴𝐵𝐶) 

In this Winged-animal formula, which is to increase the efficiency of 

the SHACACS algorithm, the combined competency function (ACO, ABC 

agents) is found in parallel—first, the coefficients alpha = 1, beta = 1, QOS 

= 100 are considered. In addition, CS is the same combination service that 

is used with the best bee and ant function to use the 𝑊𝑖𝑛𝑔𝑒𝑑𝑎𝑛𝑖𝑚𝑎𝑙 

algorithm with the lowest cost and time and with increasing QOS 

efficiency. fly as wing and eye 𝑒𝑦𝑒𝑓𝑙𝑦𝑒𝑥𝑎𝑐𝑡𝑙𝑡
(𝐴𝑛𝑡و𝐴𝐵𝐶) as flat eye, 

measure, and hit the target with the least error to increase the efficiency of 

the cloud system with agents (Ant and ABC) in services. 

5. Compression Algorithms 

Due to the competence functions of the developed algorithms for the 

ant algorithm (ACO) and the bee algorithm (ABC) to achieve the proposed 

SHACACS algorithm—which is obtained by combining the two 

algorithms of ant and bee—from the table to show the values, minimize 

time and cost for ant and bee algorithms as well as improved SHACACS 

algorithm. A combination of algorithms is used, as shown below: 

Iteration Fitness Algorithm 

200 202.1185 ACO 

200 4.5589 ABC 

200 1.1518 SHACACS 

Table 1: Comparison of algorithm competency functions with 

SHACACS 

Through the definitions of ant and bee algorithms given in previous 

chapters, these algorithms cannot normally function as convergent 

(parallel-focused) and can meet user service needs in combination services. 

126



 
 

Therefore, the use of SHACACS hybrid algorithm has many advantages, 

which are: 

 Implement ant and bee algorithms in parallel 

 Execution of algorithms 

 Reduce execution time 

 Reduction in costs 

 Improve algorithms in how to service combined services 

 Improved search quality in hybrid services 

Speed Cost Time Algori

thm 

∑ 𝑖 × 𝑝𝑎𝑡ℎ
𝑛

𝑖,𝑐𝑠
 ∑ 𝑖 × 𝑝𝑎𝑡ℎ

𝑛

𝑖,𝑐𝑠
 ∑ 𝑖 × 𝑝𝑎𝑡ℎ

𝑛

𝑖,𝑐𝑠
 

ACO 

⋃ ∑ 𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠
𝑛 𝑛𝑒𝑐𝑡𝑎𝑟𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠

𝑛
𝑒𝑙𝑖𝑡𝑒𝑛

𝑛

𝑖,𝑗,𝑐𝑠

𝑛

𝑖𝑗,𝑐𝑠

 
∑ 𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠

𝑛 𝑛𝑒𝑐𝑡𝑎𝑟𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠
𝑛

𝑒𝑙𝑖𝑡𝑒𝑛
𝑛

𝑖,𝑗,𝑐𝑠
 ∑ 𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠

𝑛 𝑛𝑒𝑐𝑡𝑎𝑟𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠
𝑛

𝑒𝑙𝑖𝑡𝑒𝑛
𝑛

𝑖,𝑗,𝑐𝑠
 

ABC 

∏ ∑ 𝑖𝑝𝑎𝑡ℎ
𝑛

𝑖,𝑐𝑠
, 𝑛𝑒𝑐𝑡𝑎𝑟𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠

𝑛
𝑒𝑙𝑖𝑡𝑒𝑛

𝑛

𝑖,𝑗,𝑐𝑠

 
𝑚𝑖𝑛 ∑ 𝑖𝑝𝑎𝑡ℎ

𝑛

𝑖,𝑐𝑠
, 𝑛𝑒𝑐𝑡𝑎𝑟𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠

𝑛
𝑒𝑙𝑖𝑡𝑒𝑛

 𝑚𝑖𝑛 ∑ 𝑖𝑝𝑎𝑡ℎ
𝑛

𝑖,𝑐𝑠
, 𝑛𝑒𝑐𝑡𝑎𝑟𝑝𝑎𝑡ℎ𝑖,𝑗,𝑐𝑠

𝑛
𝑒𝑙𝑖𝑡𝑒𝑛

 
SHAC

ACS 

Table1. Speed Convergence Algorithms (ACO-ABC-SHACACS) 

 

 

Figure3.Comparison Algorithms (ACO-ABC-SHACACS) 
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6. Conclusion      

This study investigates all methods of creating and implementing 

algorithms by agents—resulting from the production of the hybrid 

algorithm of the Ant algorithm (ACO) and the Bee algorithm (ABC). On 

account of coordinating these Hybrid algorithms with ACO-ABC Colony 

Accessibility (SHACACS) and the proposed combined algorithms, the 

resulting algorithm runs composite services in parallel with cloud services. 

In this implementation and with the use of the Ant algorithm and the Bee 

algorithm, combined operating services simultaneously meet the different 

needs in various fields. Besides, the study clears out how respondents—

regarding the composite services—are effective in reducing time and costs, 

administratively. The study is giving solutions in regards to using 

composite algorithms in composite service through genetics to improve the 

flexibility of multiple or straightforward services more efficiently in an 

agent. Every composite service by independent run enhances services 

efficiently; the computing cloud services can enhance time and speed 

through Ant and Bee algorithms.  
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1. Introduction 

The forecast studies based on spatially smoothed seismicity are based 

on the pioneering study of Kagan and Knophoff, 1977. Starting from late 

90’s the method have been receiving wide attention and sophisticated to a 

certain leve while the sensitivities of the proposed model is analyzed 

thoroughly. (Field et al., 2007, Helmstetter et al., 2006, 2007, 2012,  

Scholemmer et al., 2004,2007,2010  Zechar et al., 2010, Werner et al., 

2010, Rhoades et al., 2011, Taroni et al., 2013, Scholemmer et al., 2018).  

Especially Californian seismicity became a subject of several 

researchers in the field (Scholemmer et al., 2004, 2007, Kagan and 

Jackson, 2007, Helmstetter et al., 2007, Werner et al., 2011, Helmstetter 

and Werner, 2012 and 2014, Hiemer et al., 2013, Werner et al, 2018) due 

to its highly dense catalog. Japanese (Tsuruoka et al., 2012), Italian 

(Werner et al., 2010a, 2010b) and New Zealandian (Rhoades et al., 2011) 

catalogs have also been studied to test the proposed forecast models. In all 

these studies, the forecast models mostly are verified and the results offered 

crucial information in confirmation of the proposed models. Especially, as 

for the Californian case, which involved the ANSS catalog with 2.0 

minimum magnitude of completeness, promising results encouraged 

further studies. However, as the minimum magnitude threshold increases 

or the period of completeness decreases with a small minimum magnitude 

of completeness the forecasting capacity is expected to decrease. Even the 

Poisson assumption is questioned in some cases and the non-Poissonian 

temporal distribution is pointed as the reason of failure (Werner et al., 

2010a , Zechar et al., 2010, Rhoades et al., 2011).  

At this point, it should also be automatically deduced that, for catalogs 

with large magnitude thresholds, the Poisson assumption might not be true. 

However, as the minimum magnitude threshold increases and the area of 

interest is limited, it is likely to have a non-Poissonian distribution. 

However, with larger minimum magnitude threshold and larger area of 

interest, the likelihood of having a stationary time series is higher, in 

alignment with the Poisson assumption. Henceforth, such an area and so 
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its seismic patterns might be experimented with the proposed forecasting 

method.  

The performance of the forecast models developed by using spatially 

smoothed seismicity method is measured by a number of tests, which are 

based likelihood, and quantification of similarity in spatial, temporal and 

magnitude dimensions. The L-test (Likelihood) and N (Number)-test 

(Schorlemmeret al. 2007), the M-test, S-Test (Zechar et al., 2010) are 

proposed. If the spatial, temporal and magnitude distribution 

characteristics of seismicity can be successfully forecasted, these tests 

provide guidance in the development of a forecast model by offering 

information on the consistency of the developed model. In addition to the 

mentioned tests, R-test (Schorlemmeret al. 2007) and T-test (Rhoades et 

al., 2011), which are also introduced to measure the relative performance 

of a forecast with respect to a base model are developed to support the main 

tests. 

In this study, the smoothed seismicity methods are exploited for 

forecast verification. The spatio-temporal variation, earthquake rate and 

magnitude distribution of seismic rate is investigated through spatially 

smoothed seismicity. Then the log-likelihood method is adapted and long-

term spatio-temporal forecasting is implemented. The tests commonly 

employed in RELM experiments namely L-test (Likelihood) and N 

(Number)-test which measures the consistency of the proposed forecast are 

used to measure the degree of agreement between the model based on past 

seismicity and the observed seismicity which is forecasted as part of a 

back-testing scheme.  

 

Figure 1. The Study Area Bounded by 26.00 E-32.00 E Longitudes 

and 36.00 N – 40.50 N Latitudes (MTA, 2018, KOERI, 2020) 
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In addition, the likelihood of the observed magnitude distribution 

and spatial patterns given the forecast models is tested for its 

consistency through M (Magnitude)-Tests and S (Space)-tests 

respectively. Though it is encouraging in the identification of 

seismically active areas producing events within a pattern, still there 

is more to overcome in order to improve the models.   

2. Data and Methodology 

The study area is bounded by 260 E to 450 E longitudes and 360 N to 420 

N latitudes spanning entire Turkey. As can be seen in Figure 1, the 

earthquakes are generally clustered around the main Anatolian fault 

systems, North and East Anatolian Fault Zone and within the Aegean 

Region where the normal fault dominates.  

For the purpose of the study, a catalog is created for the period between 

1980 and 2019. The faults are gathered from General Directorate Of 

Mineral Research And Explorations (GDMRE, 2018) and the earthquakes 

are compiled by using Kandilli Observatory and Earthquake Research 

Instittute (KOERI (http://www.koeri.boun.edu.tr/sismo/zeqdb/, Last 

Access Date: 11.05.2020). The compiled catalog is subjected to the 

homogenization for the purpose of unification of the magnitudes by using 

local magnitude conversion equations by Akkar et al., 2013 and it is 

declustered by using the time and space windows of Gardner and Knophoff 

(1974). The effect of declustering is quite visible in Figure 2, as the spikes 

indicating aftershock and foreshock sequences are largely removed. The 

maximum complete period is determined as the minimum magnitude of 

completeness is computed as 3.9 for the period starting at 1976 by using 

Cao and Gao (2001).  

 
Figure 2. Yearly Seismic Activity Rate Computed for Sliding 

Window Technique (Left) and The Magnitude Distribution 

Characteristics of Earthquakes According to Robust Fitting 

Techniques (Right) 
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The single most important prerequisite in using this method is the 

assumption of stationarity of earthquake time series. Indeed, according to 

Poisson assumption, which is based on the constant earthquake rates in 

temporal dimension, any earthquake time series is supposed to be 

stationary. The earthquake time series in Figure 2 display irregular 

fluctuations around a stable mean. Actually, the left panel in Figure 3, 

clarifies these fluctuations in more detail. Most of the yearly earthquake 

rates fall between 95% confidence interval.   

 

Figure 3. Observed Yearly Magnitude Distribution (Mw≥3.9, 1976 - 

2019) for the Considered Period (Left) and the Cumulative 

Distribution Function of Yearly Earthquake Rates with Poisson Fit 

(Right)   

The right panel in the same figure is much more explanative whether 

the data follow a stationary character. The distribution of number of 

earthquakes as represented by fraction of cases display a Poisson character 

closely. The variation between the Poisson model and the data is caused by 

the fluctuations. According to Poisson assumption, these fluctuations are 

expected to even out given sufficient time or relatively become 

insignificant as the data accumulates.   

As an important input in forecast studies, the magnitude distribution of 

the sampled data is also derived. The variety of theories developed to 

model the magnitude distribution and amassed studies over the time, is the 

sign of importance of the subject and associated complexity (El Isa and 

references therein). Especially the large magnitude distribution and its 

relationship with the magnitude distribution characteristics of the rest, still 

draws researchers. In such a setting, the real solution to this problem seems 

like is awaiting accumulation of sufficient evidence. In this study, In order 

to reflect the magnitude distribution characteristics, among the 

characteristic, truncated and unbounded models, the unbounded 

Gutenberg-Richter (GR) relationship (See Figure 4) is preferred. 

Henceforth, the magnitude distribution is modeled through the robust 

fitting technique () as shown in equation 1, 
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where a and b are GR constants and mmin is the minimum magnitude of 

earthquakes involved in the computation.  

 
Figure 4. The Magnitude Distribution Characteristic of the Gathered 

Data (Mw≥3.9, 1976 - 2019) 

The mainstream ideas lie beneath the forecasting algorithms as either 

precursory seismic activation or quiescence or both. All these forecasting 

algorithms have its roots in the basic idea that large earthquakes tend to 

occur close to the locations of smaller earthquake clusters (Werner et al., 

2011). Hence, by using this assumption, the earthquake catalogs which are 

generally thought to be missing the large magnitude events due to the time 

gap between the long return periods of large magnitude events and the 

coverage period of the existing catalogs, can be exploited to predict the 

large magnitude events. In other words, there is a proportionality between 

the density of the seismic activity and the spatial distribution of larger 

magnitude earthquakes accordingly. Hence overall magnitude distribution 

is thought to be best modelled by unbounded Gutenberg-Richter 

relationship as shown in Figure 4.  

As one of the crucial tests, whether the forecast is successful or not, the 

similarity of the spatial distribution of the studied model and the forecast 

model is compared. Therefore, after obtaining the magnitude distribution 

characteristics, the spatial distribution is examined. The employed method 

uses spatially adaptive smoothing kernel bandwidths based on the study of 

Kagan and Knopoff (1977) which later commonly applied in earthquake 

forecasting algorithms. The optimum kernel bandwidths are computed by 

letting the seismic events decide on the correlation distance based on the 

distances of the neighboring events. The spatial seismicity rates are 

smoothed by using the simple Gaussian isotropic kernel:  

134



 

 
















2

2

2
exp)()(

D

r
DcrKd

                   (2) 

where D is the smoothing distance and c(D) is the normalizing factor. The 

spatial binning is based on a grid system formed by 2.5x2.5 kms boxes. 

The 2.5 km distance approximately covers 0.06250 longitude and 0.050 

latitude. The information gain per each model with respect to the reference 

model is measured by    
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where LL is the log-likelihood of the candidate model and LLr is the log-

likelihood of the reference model, and Nt is the total number of earthquakes 

greater than the minimum magnitude of completeness in the candidate 

model. The log-likelihood of a model is determined by the product of 

probabilities in each spatio-temporal-magnitude bin of the each unit area 

as the event occurrence at each unit is assumed to be independent. As the 

joint likelihood of numerous number of units might be unfeasibly small, 

log-likelihood of the candidate model is computed through the summation 

of the log values of probabilities in each unit as shown in Equation 4.  
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Where p is the occurrence probability, i is the normalized spatial density 

in earthquakes per unit time in the training catalog, wi is the number of 

observed events in the learning catalog for each cell i. Here one thing 

should be clarified: if the catalog is partitioned into two parts of varying 

sizes and periods to determine the optimum spatial kernel bandwidth, for 

every event added to the training catalog and removed from the learning 

catalog, the optimum bandwidth might vary. Therefore, partitioning of the 

catalog with uneven time periods would be beneficial if the training part is 

sufficiently large enough to allow detecting the seismic patterns.  

The determination of optimum number of neighbors and so the optimum 

kernel bandwidths for each event, leads to the determination of the most 

likely spatial smoothing algorithm and so the spatial distribution of the 

activity rate densities.  
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where Nl is the total number of earthquakes above minimum magnitude of 

completeness in the training and learning catalogs. After that, in order to 

generate forecasts by using an inverse Poisson distribution, the obtained 

spatial activity rate densities are normalized by the following equation.   
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     (6) 

The spatially normalized activity rate density is the spatial pattern of 

projection and when combined with the overall temporal rate for the entire 

region, is used for forecast. The expected number of events for each cell 

for a considered period of year, T,  

),()(),),,( * jiTnSjiji      (7) 

where n is the yearly rate of earthquakes for the entire region of interest 

computed by dividing total number of earthquakes, Nl, above the minimum 

magnitude of completeness by the total number of years covered by 

learning and training periods.  

 

 
Figure 5. An Example to the Training Catalog (1976-1990), learning 

catalog (1990-2000) and Spatial Activity Density Map (1976-2000) 

Developed by Using the Training and Learning Catalogs,  

 

The same equation could be modified to forecast earthquakes with 

certain magnitude ranges by using the magnitude distribution 

characteristics, p(m), of the entire region formulated in equation 1.The 

expected number of earthquakes with magnitude m, is expressed by the 

following equation 

)(),()(),,( * mpjiTnmjim      (8) 

The forecast is then compared with the observed data,  and various 

tests are performed for its consistency. These tests are based on generation 

of synthetic catalogs, ̂  ,based on the forecast and determine the similarity 
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of the spatio-temporal, temporal, spatial and magnitude-wise distribution 

of the observed data with the generated catalogs based on forecast.  The 

simulation is performed by using the spatial activity rate densities, , and 

then the simulated earthquakes are positioned through inverse poisson 

function.  

 *( , ) ( , )sn i j invpoisson N i j    (10) 

where, n is the number of simulated earthquakes for each spatial and 

magnitude bins, Ns, is the total number of earthquakes simulated. The 

simulated number of earthquakes are computed as the mean rate of the 

earthquake time series displayed in Figure 2 and 3. This is where the 

stationarity comes into scene, which is essential for the forecast method 

presented in here. 

After generation of synthetic catalogs, ̂ , in order to determine the 

consistency of the forecast model, a number of consistency tests are used. 

Among these tests, the likelihood test, or the L-test is simply based on 

determining the likelihood of the observed data, , given the forecast, . 

Then, the likelihood of the observed data must be checked with the 

likelihood of the generated catalogs for the verification of the consistency 

of the proposed forecast. The likelihood of the observed data, with 

associated number of events for each spatial bin, w(i,j), given mean 

occurrence rates obtained from spatial activity rate density maps with the 

number of events, (i,j) is the following 

( ) (w ) log (w ) wlog( ) log(w!)L L p            (9) 

Then, the simulated catalogs, ̂ , are also processed for its likelihoods 

given the earthquake rates, , obtained from spatial activity rate density 

maps.  

 ˆ ˆ
i iL L       (11) 

Then, the joint likelihood of the observed data and the family of joint 

likelihoods of the simulated catalogs in equation 11 are then compared in 

order to determine the quantile score of the computed likelihood for the 

observed data. A quantile score is computed by using the following 

equation 

ˆ ˆ

ˆ

i iL L L

L



     (12) 
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By this equation, the fraction of simulated forecasts, L̂ , smaller or 

greater than  likelihood of the observed data, L, is assessed. Indeed, the 

quantile score could be evaluated as the statistical significance of the joint 

likelihood of the observed catalog.  

The number test, N-test, another crucial indicator in evaluating the 

proposed forecast model, simply requires the comparison of the observed 

number of events with the number of events for all the synthetic catalogs 

generated by the forecast. The test aims to verify the temporal sensitivity 

of the forecast model as it isolates the earthquake rates. The quantile score 

is computed in order to justify the number of observed earthquakes with 

the simulated number of earthquakes, which are probable with the existing 

model.  

 

ˆ ˆ

ˆ

i iN N N

N



     (13) 

The M-test, is based on the determination of the joint likelihood of the 

magnitude distribution of the observed events given the forecast and 

verification of the likelihood with the joint likelihoods of the simulated 

catalogs given the forecast model. Given the observation, m, and the 

forecast model, m, the likelihood of the observed data, M, is computed by 

using the following equation.  

 m mM L       (14) 

Similarly, the likelihood of the magnitude distribution of the simulated 

catalog given the magnitude distribution of the forecast model is computed 

by using the following equation.   

 ˆ ˆ m mM L      (15)  

Here one thing should be clarified; the earthquake rates as spatial 

activity rate densities obtained from the forecast model has to be 

normalized by using the ratio of observed events to the total number of 

events used to generate the forecast.  

 

~ ( , )

~ ( , )

m

m obs

forecast

w w i j

N
i j

N
 

 

 




   (16) 

Indeed, the sum of all the spatial activity rate densities in each bin gives 

the total number of events used to generate the forecast. The reason for 

such an adjustment is to be able to isolate the magnitude distribution and 

avoid the influence of different number of events over the magnitude 
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distribution. The quantile score, , is developed to test the consistency of 

the observed magnitude distribution with the forecast.  

 

ˆ ˆ

ˆ

i iM M M

M



    (17) 

The space test or S-test is developed to test the consistency of the 

likelihood of observed spatial pattern of earthquakes with the likelihood of 

simulated spatial patterns given the forecast model. The aim is to isolate 

the spatial pattern from the magnitude and temporal distributions and 

evaluate only the consistency of spatial patterns. Similar to L-test, N-test 

and M-tests, a quantile score is introduced for the quantification of 

consistency. The likelihood of the observed spatial pattern, s, given the 

forecast, s, is mathematically modeled by the following equation.  

 s sS L       (18) 

Like the other tests, the likelihood of the simulated spatial pattern, ˆ s  

given the forecast model, s, is computed by using,  

 ˆ ˆ s sS L       (19) 

The quantile score is obtained by determining the fraction of likelihood 

of spatial patterns of simulated cases smaller or equal to the likelihood of 

the observed spatial distribution given the forecast model. 

ˆ ˆ

ˆ

i iS S S

S



     (20) 

The L-test, N-test, M-test and S-test are developed to validate the 

proposed forecast models in certain aspects. The consistency of the 

forecast model is checked with these tests, in other words any 

inconsistency or improbability of the forecast model is quickly identified 

through these tests.  

 

The most crucial part in setting the forecast scheme and testing 

methodologies is the selection of the training, learning and forecast 

catalogs. If the training and learning catalogs were not long enough for the 

right identification of spatial, temporal and magnitude-wise seismic 

patterns, then it would not be surprising if the forecast model fails. Since 

there is not a method in determination of a sufficient length of a catalog, 

which allow the right identification of the seismic patterns, then subjective 

selection of the lengths of the training, learning and forecast methods is 

required. For that matter, a number of schemes shown in Table 1 are 

developed to monitor the performance of the proposed forecast method. 
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Figure 6. The Spatio-Temporal Distribution Patterns of Seismicity of 

Training, Learning and Observation Catalogs for All Schemes
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Figure 7. Histogram of the Likelihood Distribution of 100 Simulated Catalogs and the Likelihood of the 

Observed Catalog Given the Forecast Model (Vertical Lines) 

141



 

 

 
Figure 8. The Cumulative Distribution of Likelihood of Simulated Catalogs Given the Forecast and the 

Fraction of Cases the Likelihood of the Observed Catalog Greater than the Likelihood of Simulated Catalogs in 

terms of Likelihood, Number of Events, Magnitude and Spatial Distribution
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Table 1. Forecast Schemes Developed for 5-year and 10-year Periods 

for Mw≥5.0 

Scheme 

No 
Forecast 

Pattern Recognition 
Pattern  

Projection 

Training 

Catalog 

Learning 

Catalog 

Verification  

Catalog 

1 

5-year 

1976-2000 2000-2005 2005-2010 

2 1976-2005 2005-2010 2010-2015 

3 1976-2009 2009-2014 2014-2019 

4 

10-year 

1976-1990 1990-2000 2000-2010 

5 1976-1995 1995-2005 2005-2015 

6 1976-1999 1999-2009 2009-2019 

The training, learning and observation catalogs are displayed in 

Figure 6 for better visualization. All these maps at least clarify where 

seismically active areas and the areas with almost no seismic 

activity. Indeed, even with a simple visual examination, one can be 

convinced the existence of spatial and temporal patterns.   

3. Results 

The likelihood test identifies the consistency of the spatial distribution 

and earthquake rates of the observed catalog given the forecast model. For 

every spatial bin, by using the number of observed earthquakes and the 

expected earthquake rate in terms of spatial activity rate densities obtained 

from the forecast model, the Poisson probabilities are computed. For the 

entire are, if the individual probabilities are multiplied, the likelihood of 

the observed catalog given the forecast model is obtained. 

Hence, this test can be considered as a requirement for the confirmation 

of the Poisson distribution of the earthquake occurrences. As can be 

followed from subplots in first row of Figures 7 and 8, the likelihood values 

fall within the boundaries of the likelihoods of the simulated catalogs. 

Given the precision of the grids and the spatial scale, the results cannot be 

discarded as failure at all. It can even be said that, except for Scheme 2, the 

observed catalog can be considered as one of the possibilities that could be 

occurred before it did.  

The likelihood of earthquake rates of the observed catalog given the 

forecast model is very much consistent according to the N-tests. Hence, it 

can safely be concluded that the earthquake rates of the training and 

learning catalogs are very close to observed catalogs, which mean that the 

Poisson assumption holds true for each scheme.  
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Table 2. Comparison of Forecasted (Mw≥5.0) and Observed Number 

of Earthquakes (Mw≥5.0) for 5-year and 10-year Periods 

Scheme       

No 
Nobs f). f). 

Fraction 

of Cases 

1 31 29,03 5,68 0,56 

2 37 26,48 4,64 0,47 

3 23 26,78 5,41 0,48 

4 66 63,43 8,40 0,48 

5 68 58,65 7,44 0,51 

6 63 54,54 6,91 0,51 

The number of observed earthquakes and the mean and standard 

deviation of number of earthquakes of the simulated catalogs given in 

Table 2 is sufficient to prove the existence of a continuous earthquake 

rates. However, it should also be mentioned that the deviation of the 

number of observed earthquakes and the mean earthquake rate obtained 

from simulated catalogs in schemes 4 to 6 implies that the proposed models 

capabilities are limited beyond a certain limit.  

The fraction of cases greater than the likelihood of the observed catalog 

given the forecast is also an indicator in determination of the consistency 

of the forecast models. Given in the last column of Table 2, as the fraction 

of cases remain closer to 50%, the forecast model can be said to be one of 

the very probable models.  

According to Figure 7 and 8, the likelihood of the magnitude 

distribution of the observed catalog given the forecast model is quite 

consistent as the likelihood values of the magnitude distribution of the 100 

simulated catalogs given the forecast model envelops the likelihood. 

Scheme 3 differs in high consistency of the likelihood values relative to 

the other schemes, whereas the likelihood of the other schemes slightly 

deviates from the mean of the likelihood of the simulated catalogs in terms 

of its magnitude distribution.  

The likelihood of the spatial distribution obtained by using the observed 

catalog is clearly not consistent as can be viewed from Figure 7 and 8. Only 

scheme 3 display satisfactory results while the likelihood values of other 

schemes are either at the lower tail of the cumulative likelihood distribution 

of the simulated catalogs or not within the boundaries of the cumulative 

distribution at all.  

At this point, it should be emphasized that the high precision used in 

the analysis, in other words the sizing of the grids, and the subjectivity 

involved in selection of the training, learning and observation catalogs 

have a determinant influence over the results of this study. The spatial 

distribution, which is one of the most important element in forecast studies, 
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is very sensitive to the methods used in modeling. Unlike the magnitude 

distribution and the earthquake rates, which are not as sensitive due to 

overall handling of the data, the spatial distribution require a detailed 

modeling.  

Among the schemes, the scheme 3 can be identified as the most 

consistent model with the observed catalog. This implies that, the division 

of the catalog into training, learning and observation catalogs seem to be 

quite successful in catching the embedded seismic patterns. Therefore, it 

can be concluded that, there is a pattern of seismicity that could be 

identified and successfully projected into the future, but since subjectivity 

involved in identification of this pattern, a lot of effort must be spent in 

identification.  

4. Conclusion and Recommendation 

The main difference of this study from most of the previous studies is 

that the minimum completeness magnitude threshold of the catalogs is 3.9 

in moment magnitude. On the other hand, studies based on RELM 

techniques utilizes input catalogs with lesser minimum magnitudes to try 

to achieve forecast of the higher magnitude earthquakes. Clearly, as the 

higher magnitudes imply longer return periods, even longer than the 

covered period of the gathered catalogs, the lack of smaller magnitude 

earthquakes might cause either fluctuations or nonstationary behavior of 

the earthquake times series.  

In such a setting, with higher minimum completeness magnitude 

threshold, this study aimed to investigate the existing seismic patterns, 

which the forecast models could capture. For that matter, the consistency 

tests indicate a continuity in magnitude distribution characteristics and 

earthquake rates regardless of the subjective partitioning of the catalog into 

training, learning and observation catalogs. Indeed, the magnitude 

distribution, which might give clues about the physical characteristics of 

the earthquake producing areas, is an indicative factor in seismic studies. 

On the other hand, the earthquake rate is important in revealing the nature 

of temporal distribution characteristics. A continuous earthquake rate, 

regardless of its interval, point to the Poisson nature of the data, which 

indeed is the basic assumption defining the earthquake occurrence pattern 

in temporal domain.  

The likelihood and the spatial distribution patterns have both include 

the spatial spread of the earthquakes. Relatively lower performance of the 

L-tests and S-tests directly point to the high precision and the pattern 

mismatches due to the subjective partitioning of the catalogs. Indeed, the 

successful consistency tests in Scheme 3 imply that there is a pattern in 

magnitude, rate and spatial distribution of the investigated data, but it’s the 

partitioning that cause a mismatch between training, learning and 
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observation catalogs. Consequently, it could be concluded that one of the 

issues in using the investigated method with larger minimum magnitude of 

completeness is the subjective partitioning. The uncertainties that may 

arise due to limited amount of data and the inadequacy of the training, 

learning and observation parts in the determination of earthquake rates, 

spatial and magnitude distributions is one of the main cause of lower 

performance of the investigated forecast technique. At this point, it should 

also be mentioned the sensitivity, especially in spatial dimension, has a 

decisive influence over the performance of the investigated method as well. 

With lower sensitivity, in other words larger grids, a higher performance 

would be expected.   

Another cause of lower performance could be identified as the 

irregularity of the earthquake time series. The fluctuations causing these 

irregularities sways the earthquake rates even beyond 95% confidence 

interval might be the cause of lower performance of some of the tests 

(Lombardi and Marzocchi, 2010). Indeed, if the earthquake time series is 

stationary, as the covered period for the training, learning and verification 

catalogs becomes longer, it is automatically expected that the irregular 

fluctuations in terms of swells and contractions would eventually even out. 

However, since the short and long-term forecasts mostly do not cover 

beyond 10 years, these irregularities of the earthquake time series would 

create a flaw in the forecast algorithm. The fact that these irregularities 

would eventually even out in longer terms would be trivial for the urgent 

expectations as materialized by the developed forecast schemes. The 

pattern of failure in some of the tests and explanations of the reasons of 

failure is quite informative about the issue of stationarity in earthquake 

forecasts based on spatially smoothed seismicity models. The 

susceptibility of the method to the slightest fluctuation or variation in 

temporal pattern leading to the failure of the method would bring the 

question about the degree of stationarity required sufficient for the method 

to perform within acceptable limits. A straight line, which means a constant 

number of earthquakes per unit time, would definitely yield the perfect 

results when the method is applied. However, with a perfect straight line, 

or a constant earthquake rates, one does not even need to perform an 

extrapolation let alone forecast which would be unnecessary.  

In any case, whether the earthquake time series display uneven 

fluctuations or slight irregularities, the discrepancies in the forecast model 

cannot be avoided (Bray and Schoenberg, 2013). Hence, a further 

development of the method should be sought to account for all the 

irregularities and uneven fluctuations regardless of the fact that eventually 

all would be even out.  
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1. Introduction 

Climate change is a very important threat for our world. Discovering 

the variation of minimum and maximum temperature occurring in the long 

term is important for climate change studies. Especially minimum 

temperature trend is considered as an important indicator of climate 

change. The focus of this study is to reveal linear trends of annual 

minimum and maximum temperature in the long term over the Van Lake 

basin in Turkey. Meteorological observations measured from eight stations 

for 1975-2015 period over study area are used for trend analysis. Seven of 

these stations are inside the basin, while Baskale station is located outside 

the basin but close to the basin boundary. The reason for the Baskale station 

to be included in the study is that, it is aimed to measure the temporal trend 

in the maximum and minimum temperatures of a point located at a higher 

elevation than the other stations inside the basin.  

Non-parametric Mann-Kendall trend test was used to reveal variation 

in the maximum and minimum temperatures. 90%, 95%, and 99% 

confidence intervals were used to detect trend. Results were associated 

with land cover status of basin. MODIS (Moderate Resolution Imaging 

Spectroradiometer) land cover datasets (MCD12Q1) belongs to 2001 and 

2019 were used to evaluate land cover variation through time of Van Lake 

basin.  

According to findings, increased minimum temperature trend is 

observed at six stations and increased maximum temperature trend is 

observed at seven stations. There is no observed trend for both variables in 

Ahlat station. In addition, minimum temperature trend is not observed at 

Gevas station. The amount of green areas in Ahlat and Gevas are higher 

and urbanization in these two areas are not as high as other locations. It can 

be said that, forest cover and urbanization have positive and negative 

effects on climate change, respectively. In Van, where urbanization is most 

intense, trend have been observed at maximum and minimum temperature 

                                                             
1 The author acknowledge the General Directorate of Meteorology for providing 

monthly observational data.  
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according to 95% and 99% confidence intervals, respectively. Muradiye, 

Tatvan, and Baskale stations have maximum and minimum temperature 

trend at %99 confidence interval. The statistical values of Mann-Kendall 

test above four observed at minimum temperatures in Muradiye and Van 

are remarkable. 

2. Materials and methodology 

2.1. Material of study 

The study area is Lake Van Basin that is located at the far east part of 

Turkey (Fig. 1). The area of basin is about 16.000 km2. Lake Van basin has 

a high topography. The high mountains are located at the northern and 

southern parts of the basin. The mean elevation of basin is about 2200-

2400 m., minimum elevation is about 1500 m. and maximum elevation is 

approximately 4000 m.  

The primary data source was obtained from the General Directorate of 

Meteorology (MGM). The datasets consisted of monthly maximum and 

minimum temperature measured at eight meteorological stations between 

1975 and 2015 over Lake Van basin of Turkey. Annual averages were 

calculated from monthly observations. Erroneous data (for example higher 

minimum temperature record than maximum temperature for the same 

month) and outliers were defined at the time series datasets and either 

validated or removed. Descriptive information of meteorological stations 

were given in Table 1.  

In order to reveal land cover status and variation of basin, MCD12Q1 

(land cover type) dataset was used in this study. The data provides global 

land cover types at yearly intervals (2001-present) with six different 

classification schemas. The Annual International Geosphere-Biosphere 

Programme (IGBP) classification type (land cover type-1) was used in this 

study. This data has 500 m spatial resolution and 17 class of land cover 

types. Each pixel on the map represents 250.000 m2 (500 m x 500 m) that 

is 25 ha area.  The datasets belong to 2001 and 2019 were downloaded 

from MODIS webpage. 
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Fig. 1  Meteorological stations over Van Lake basin and the DEM 

(Digital Elevation Model obtained from 3 arc-seconds Shuttle Radar 

Topography Mission) 

Table 1 Descriptive information of meteorological stations 

Id Station Lat. (N) Long. (E) Elev. (m) 

1 Muradiye 38.98 43.76 1706 

2 Van 38.47 43.33 1671 

3 Tatvan 38.50 42.28 1665 

4 Ozalp 38.65 43.97 2100 

5 Gevas 38.29 43.12 1694 

6 Ercis 39.02 43.33 1678 

7 Ahlat 38.74 42.47 1750 

8 Baskale 38.04 44.01 2354 
 

2.2 Methodology 

2.2.1 Mann-Kendall test 

Deviation of minimum and maximum temperature of eight 

meteorological stations for 1975-2015 were analysed with Mann-Kendall 

(MK) non-parametric test. The MK test is a rank-based non-parametric test 

to evaluate the trend existence and its significance. The MK test has been 

frequently used to detect trend in time series data (Bostan, 2020; Yue et al. 

2002; Kendall 1970; Mann 1945). The MK test is based on the null 

hypothesis that the sampled data are independent and identically 

distributed, which means that there is neither trend nor serial correlation 

among the data points. The alternative hypothesis is that a trend exists in 

the data. A positive or negative value of Mann-Kendall test statistic Z 
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represents an upward or downward trend, respectively (Bostan, 2020; Cui 

et al. 2017; Bostan, 2013; Novotny and Stefan, 2007).  

The first step in the MK method is to calculate a statistic definition by 

the variable S, which is the sum of the difference between the data points 

shown in the Equation (2.1) below: 
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where n is the number of values in the data, and 𝑥𝑗  and 𝑥𝑖 are the 

sequential data values.  

When n ≥ 8, the statistic S is approximately normally distributed with 

the mean and variance (corrected for ties) as follows in Equations (2.2 and 

2.3): 
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where tm is the number of ties of event m. Tie (t) represents the number 

of observation groups that have the same value. If there is one group of 

observations with three exact values in the dataset, then t equals 1 and m 

equals 3 (Bostan, 2020; Bostan 2013). The normally distributed S statistic 

allows for the computation of the standardised test statistic Z of the MK 

test. The Z statistic is calculated as presented in Equation (2.4): 
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3. Results and discussion 

Mean annual minimum and maximum temperature values of 

meteorological stations were represented visually by Fig. 2 and 3, 
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respectively.  To identify trends at the data, linear, quadratic and cubic 

trend lines were applied to observations of each station.  

MK test results for all stations were represented in Table 2, and 

increasing and decreasing trends according to three confidence intervals 

were highlighted. 

There was a tendency to increase in the annual average minimum 

temperature values at all stations except the Gevas (Fig. 2).  

The increases in minimum temperatures were remarkable in Van, 

Muradiye, Tatvan, and Baskale stations. Among these settlements, the 

places where urbanization is growing rapidly are Van and Tatvan. 

Minimum temperatures increased more than 2 °C in the Van and Tatvan 

over the study period. 

There was a subtle tendency to increase in minimum temperatures in 

Ahlat, Ercis, and Ozalp stations where urbanization are less. 

  

  

153



 

  

  

Fig. 2 Visual representation of annual minimum temperature trend of 

meteorological stations 

There is a trend towards an increase in mean annual maximum 

temperatures at all stations (Fig. 3 and Table 2). Muradiye, Tatvan, Ozalp, 

Gevas, and Baskale have significant trend according to %99 confidence 

interval (Table 2). There is an increasing trend in Van with respect to the 

95% confidence interval. As with the minimum temperature trend, there is 

no high increasing trend in Ahlat and Ercis in the maximum temperature 

values.  
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Fig. 3 Visual representation of mean annual maximum temperature trend 

of meteorological stations 

Table 2 MK trend test statistic, ZMK of each meteorological station (‘•’, 

‘*’, and ‘**’ emphasize whether ZMK is statistically significant with 

respect to 90%, 95%, and 99% confidence intervals respectively) 

 Tmin Tmax 

Muradiye 4.2** 3.31** 

Van 4.04** 2.12* 

Tatvan 3.36** 3.76** 

Ozalp 1.86• 4.05** 

Gevas -0.18 2.77** 

Ercis 1.89• 1.65• 

Ahlat 1.51 1.34 

Baskale 2.61** 3.67** 

 

3.1. Evaluation of land-cover change 

When we look at the two land cover maps (Fig. 4 and 5), the striking 

point was that the croplands have increased considerably since 2001. While 

the total croplands on the basin was approximately 122.000 ha (4888 pixel 

as represented at Table 3) in 2001, this number was around 180.000 ha 

(7229 pixel as represented at Table 4) in 2019. Most of this change has 

happened from grasslands to cropland areas. 

Urban and built-up areas have increased over the basin with little 

growth from 2001 to 2019 (Tables 3 and 4). Over the course of 19 years, 

about 400 hectares of urban growth have taken place over the basin. This 

growth has largely occurred in city centres and surroundings. Generally, 

the grassland areas have transformed into urban and built-up areas. 
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Some of the grasslands observed in 2001 have turned into croplands 

and urban areas during 19 years. 

There has been some reduction in barren spaces. An important part of 

this area has turned into cropland areas (Fig. 4 and 5). 

 
Fig. 4 MODIS land cover dataset belongs to 2001 of Van Lake basin 

 

Fig. 5 MODIS land cover dataset belongs to 2019 of Van Lake basin 
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Table 3 Land cover of Van Lake Basin obtained in 2001 

Id Value Count Land cover type 

1 9 1 Savannas 

2 10 60821 Grasslands 

3 11 350 Permanent wetlands 

4 12 4888 Croplands 

5 13 368 Urban and built-up lands 

6 16 993 Barren 

7 17 16612 Water bodies 

 

Table 4 Land cover of Van Lake Basin obtained in 2019 

Id Value Count Land cover type 

1 4 1 Deciduous broadleaf forests 

2 10 58582 Grasslands 

3 11 493 Permanent wetlands 

4 12 7229 Croplands 

5 13 384 Urban and built-up lands  

6 16 717 Barren 

7 17 16627 Water bodies 

4. Conclusions 

This study investigated the trend existence of minimum and maximum 

temperature over Van Lake basin during 1975-2015 by visually (Fig. 2 and 

3) and MK trend test (Table 2). Increasing minimum temperature trends 

were observed at six stations, increasing maximum temperature trends 

were observed at seven stations. None of the stations had a decreasing trend 

for both variables that could be considered statistically significant. 

Van and Tatvan where the high trend were observed, are the places with 

the highest population density within the basin boundaries. Significant 

increase in minimum and maximum temperatures in Van and Tatvan may 

be one of the reasons for rapid urbanization.  

Gevas and Ahlat where no significant minimum temperature trend were 

observed, are two settlements with less urbanization and more natural 

forest cover. There is also no trend in maximum temperatures in Ahlat, but 

there is a significant increasing trend in Gevas for maximum temperatures. 

Agriculture is a high priority activity in Gevas, so being prepared for 

warmer and drier conditions in the future is of great importance for 

efficient agricultural activities in this region.  

High test statistics values at maximum and minimum temperatures are 

remarkable in Muradiye and Baskale. In Ozalp, high test statistics values 

only at maximum temperatures is striking. Although urbanization was not 
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much in Muradiye, Baskale and Ozalp, forest cover takes up little space. 

In addition, Muradiye, Baskale and Ozalp were located further away from 

the Van Lake, so they cannot benefit from the temperate effect of the lake. 

These may explain the upward trend at Muradiye, Baskale, and Ozalp 

stations. Since the increase in temperature trend may pose a risk to natural 

life and resources, these regions should be given importance in future 

development plans. 
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1.  INTRODUCTION 

Thermal power plants, which are still widely used for electricity 

production from hydrocarbon sources, are one of these Electricity 

generation options. Thermal Power Plants, due to their complex structure, 

are composed of sections that interact with each other and are called 

units, and a change in the performance of any unit or equipment affects 

the operation of the entire plant positively or negatively. Performance 

monitoring and evaluation systems are designed to support the 

measurement and monitoring of the performance of staff and equipment 

and to increase the availability by preparing equipment based 

maintenance plans according to the maintenance needs of the equipment.   

Among the types of energy, electrical energy has become as vital to 

society as blood flowing in human veins. Although there are many 

different generation techniques for electricity generation, hydrocarbon-

based thermal power plants maintain a high ratio among them. A Thermal 

Power Plant, which is one of the electricity generation options, consists of 

many elements that interact with each other and any fluctuations in the 

performance of any of them affect the whole system positively or 

negatively. There are a number of parameters that determine the 

performance of each of these components and which have an impact on 

its performance and which should be known.  

In order to obtain maximum power from the plant, it should monitor 

the interaction between the plant equipment and their negative impact on 

each other should be minimized. For example, a problem with the air 

filters of a combined cycle power plant with natural gas fuel does not 

only affect the compressor, but also changes in the performance of all 

elements up to the cooling tower and leads to losses in power generation. 

Therefore, it is quite problematic for the operator in the plant control 

room to determine the reason behind the change in the performance of the 

                                                             
1Research supported by TUBITAK within the scope of the project titled 

“Thermal power plant performance monitoring and evaluation system design and 
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element and which measures should be taken to eliminate it timeously. In 

power plants, instantaneous values are taken and transmitted to the 

control room by data collection systems (SCADA, DCS) for control 

purposes. However, when we look at the combined cycle power plant, it 

is seen that there are approximately 2000 parameters that should be 

followed for even only a single unit. Therefore, by using advanced 

automation systems, it is tried to reduce the intervention and operational 

load in the control room. 

Automation systems are only geared towards power plant operation 

and aim to facilitate the operation, especially to reduce the workload of 

the operator and to minimize the human factor. These systems for the 

purpose of control and automation collect the necessary data suitable for 

their purpose and store them temporarily. For this reason, in the plants 

where the automation system is located, sufficient data and appropriate 

platforms cannot be provided by the operators to evaluate the 

deterioration in the performance of the plants and equipment over time. 

Furthermore, since the deterioration in the performance of the equipment 

cannot be observed over time, the maintenance need for the components 

with impaired performance can only be assessed according to the periodic 

maintenance time situation. Since it is up to the operator to decide 

whether equipment needs maintenance, the performance of the equipment 

continues to degrade further. 

However, by measuring and monitoring the performance of the plant 

elements and equipment, it is possible to support the preparation of 

maintenance programs according to the maintenance needs of the 

equipment and thus to perform the maintenance on-site and on time and 

increase the availability. For this purpose, performance monitoring and 

evaluation systems are designed. These systems continuously monitor 

and evaluate the data obtained during the operation of the plant, calculate 

the required performance parameters for the units and equipment and 

compare them with their actual values. Therefore, the performance 

monitoring and evaluation system calculates the corrected value of the 

measured value in the reference environment and operating conditions 

and compares it with the reference values and determines the degradation 

in the unit or equipment. In terms of performance monitoring and 

evaluation, it is very important to regularly store data and evaluate the 

past and present situations based on this data. Therefore, automation and 

control systems and performance monitoring and evaluation systems 

serve different purposes. 

There have been several previous studies to analyze the behavior of 

Thermal Power Plants (TPPs) using optimization techniques Konrad 

Swirski proposed using statistical data analysis to improve the features of 

existing performance monitoring systems in their study [1]. Process 
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performance monitoring and evaluation; It is a process that needs to be 

done to measure, maintain and improve the thermal efficiency, 

maintenance planning of the power plant [2]. In the study of Özdemir et 

al., the performance of the plant was examined in four main parameters 

as Thermal Efficiency, Pipe Efficiency, Turbine Efficiency and Boiler 

Efficiency in the light of the data received from the Thermal Power Plant. 

In the five-year period of a system operating under high temperature and 

pressure, contamination, wear, fatigue, etc. that occur in the system 

elements. performance changes due to reasons have been identified [3]. 

For the variation of each of the operational parameters in a thermal power 

plant, performance calculations are made to configure the energy 

variation database. These can then be used as assessment criteria based 

on detecting deviations from a reference system updated during plant 

performance tests. Balaram et al, they aimed to identify the operational 

gaps associated with the operation of operational parameters in the power 

plant process [4]. 

It is of great importance to define the operational gaps associated with 

the operational parameters in the power plant process [5] and calculate 

key performance indicators for the management of power plants [6]. 

Blanco in their  study, aims to identify and monitor the semi-stable 

conditions associated with measurements in the time series of the power 

plant process [7]. The models are then used for performance monitoring 

by comparing the calculated measured value with the reference value. 

The data-based migration plant system modeling method ensures that the 

model, which can provide a higher accuracy in performance monitoring, 

is constantly updated.  By using the real-time operating data of the plant, 

the system monitoring study can be done by creating the mathematical 

models of the plant components [8]. The maintenance priorities [9] 

required for the power plant can be made by performing performance 

modeling [10] of a thermal power plant or by using the simulation and 

parametric optimization of thermal power [11]. Similarly, it can be 

evaluated as a decision support system [12] about the plant as a tool for 

safer operation in the plant. 

In this chapter, it is aimed to continuously monitor the current 

performances and performance losses of units and equipment in order to 

determine operational problems of power plant operators and managers, 

to improve unit performance, to accomplish maintenance plans and to 

make economical decisions. In order for the developed performance 

monitoring and evaluation system to be successful and efficient, it should 

indicate the amount of change in unit and equipment performances and 

the share of equipment in total performance loss.  In this way, power 

plant operators can estimate the amount, location and economic losses 

resulting from this loss. In addition to providing an economic enterprise 
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with continuous monitoring of performance, it will also improve future 

operational conditions and increase safety via helping to predict future 

problems.This chapter describes the development and design of the 

Power Plant Performance Monitoring and Evaluation System based on 

the parameters affecting the performance of thermal power plants.In 

order to monitor and evaluate the performance of thermal power plants, 

the requirements of the system were revealed and the efficiency and 

performance increases to be achieved by designing and using this system 

specific to a natural gas power plant were examined. 

2. TYPES OF PERFORMANCE MONITORING AND 

EVALUATION SYSTEMS  

2.1 Automation systems 

Computer-controlled thermal power plant automation began to 

develop in the world in the 1960s. Especially in parallel with the 

development of computer technology it has become widespread rapidly. 

Computer-controlled thermal power plant automation started in Japan in 

1968, SPAC-1 automation software developed by Toshiba was applied to 

the Hachinohe power plant's 3rd Unit of 250 MW power capacity and 

turbine automation was provided.  Since 1968, the scope and depth of 

power plant automation have expanded step by step and the 2nd unit of 

the Hokkaido Power Company Shiriuchi Power Plant is shown as a good 

example of today's level of automation in power plants. Today's 

popularity and success of power plant automation are analyzed as 

follows. These items are regarded as the basic factors of the popularity of 

today's successful plant automation.  

The most important factor, however, is the evolutionary approach of 

plant automation development. Its scope has been evolved as follows; 

1. Turbine run-up control, 

2. Boiler start-up control, 

3. Auxiliaries start/stop control, 

4. Unit shutdown control, 

5. Unit normal mode control, 

6. Emergency mode control. 

All existing thermal power plants have control and automation systems in 

different structures to control the process. Automation systems currently 

used in power plants are generally designed for the following purposes: 

• To reduce the number of manual operations while the plant is in 

operation, 

• To contribute to the service life extension of the plant elements, 

• To ensure that the downtime is as short as possible, 

• Performing high reliability generation with field data, 
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• Minimizing interface problems for power plant operators, 

manufacturers and automation system designers 

• Ensuring mutual control of the elements interacting with each 

other, 

• Commissioning and deactivation of the plant safely and smoothly. 

2.2 Performance monitoring systems 

Unlike purposes of automation systems, performance monitoring and 

evaluation systems provide online data extracted from measurement 

points placed in the system to determine the performance of both the 

equipment and the plant. By storing this data, a data bank is created on 

both equipment and power plant scale, thus enabling the monitoring of 

the performance changes of both power plant elements and power plant. 

Furthermore, it compares the design performance of the plant with its 

current situation considering the changing external conditions and thus 

provides the operator with information on whether the change in 

performance is due to external conditions, aging of the plant or another 

reason. Thus, the operator can monitor the change in performance of the 

plant elements due to aging and also have information about when the 

improvements should be made. 

• The advantages of performance monitoring and evaluation systems 

can be listed as follows; 

• To provide instant information about the operation of the plant via 

calculating the efficiency and degradation of the plant and its 

components 

• Increasing plant revenue by increasing plant availability 

• To monitor the performance of the equipment and thus to identify 

problems in advance 

• To create a data bank on the operating characteristics of equipment 

and power plant 

• To determine the improvement potentials of the power plant and its 

components 

• Improving the availability by providing rapid diagnosis and faster 

solutions in case of failure 

• To create a background for predictive maintenance methods 

• To increase the availability by reducing the number and time of 

start-ups  

• To optimize load distribution and operation in power plant groups 

• To protect the power plant components and equipment against the 
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life cycle shortening. 

However, none of the performance monitoring systems developed to 

provide great benefits in terms of electricity supply, production costs, 

operation of plants and availability are able to provide these benefits. 

There are many difficulties in determining the most appropriate one from 

the existing performance monitoring and evaluation systems of which 

with different aims and abilities, to the needs of the plants. The practices 

show that these generic software programs do not provide the expected 

benefits in general. Therefore, designing performance monitoring and 

evaluation systems according to the structure and needs of the plants will 

provide many more benefits than using a package program. 

Firstly, since a measurement, monitoring and evaluation will be made 

according to the priorities and needs to be determined in the power plants, 

the outputs to be obtained from these systems will be able to respond 

more to the expectations of the plant (plant and equipment performance 

values, reference performance values, performance losses and indicators, 

solution suggestions, etc).  For example, the average sudden stop time of 

units is 70 hours for power plants. For a 400 MW power plant, the 

generation loss resulting from these halts is approximately 28,000MWh. 

Even if these downtimes can be reduced by 50% thanks to a performance 

monitoring and evaluation system specific to the power plant, the power 

plant will be able to generate an additional 14,000,000 kWh of energy. In 

many of the SCADA or other monitoring systems used in today's power 

plants, performance analysis either can not be accomplished or intended 

to. In many of the SCADA or other monitoring systems used in today's 

power plants, performance analysis either can not be accomplished or 

evaluated for this task. 

Depending on the development of automation and computer systems 

and the increasing importance of efficiency as much as production with 

energy crises in the world, it has come to the fore that the operation of the 

power plants is not sufficient and the performance should be monitored 

also. Therefore, plant equipment manufacturers have developed plant 

monitoring systems with or after the plant. For example, GE has 

developed System 1 (software for optimization and diagnostic) to share 

and organize power plant information. System 1 includes real-time 

optimization of the equipment and selected process, condition monitoring 

and event diagnostics and is widely used in many industries. Thanks to 

this system, it is possible for the personnel to identify and evaluate the 

critical situations quickly. Therefore, equipment availability and 

reliability are increased and maintenance costs are reduced. 

Alstom has developed the flexible automation system ALSPA P320, 

which includes the advanced plant management system (OPTIPLANT). 
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ABB has developed the OPTIMAX system for power plant monitoring 

and optimization (maintenance and lifetime power plant management, 

power optimization, compressor cleaning optimization, etc.). Siemens has 

developed the SPPA-P3000 system, which includes optimization of 

different areas such as boiler start-up, optimum design values or 

combustion. The aforementioned systems improve the efficiency of the 

plant by monitoring the important operating parameters and assisting the 

operator. There are also other systems for monitoring and diagnosing 

power plants. For example, the SOLCEP system installed in a power 

plant in Indonesia calculates the temperature ratio and compares it with 

the expected value. The on-line energy efficiency control system installed 

in the Compostilla coal power plant (Germany) can calculate deviations 

from the existing plant (reference) values by calculating the efficiency of 

the element and total efficiency. DADIC is a system for detecting 

abnormal conditions in a combined cycle power plant. In order to 

increase capacity and reduce operating costs, real-time on-line 

performance monitoring and optimization system has been installed in 

Seoincheon (1800 MW) and Sinincheon (2000 MW) combined cycle 

power plants in Korea. 

When the national and international patents related to the systems and 

methods developed to perform performance monitoring in thermal power 

plants are examined, Cheng Xu et al. [13] patent describes the thermal 

power plant performance monitoring technique; It is based on the 

application of statistical analyzes (principal component analysis, linear 

and nonlinear regression analysis) to the collected plant data in order to 

determine the best plant operating parameters that will increase the 

primary performance indicators in any situation or operation level of the 

plant. Stephen L. Fehr et al. on the other hand, stated the ideas that will 

provide capabilities to the performance monitoring system to calculate 

the production costs, specific effective heat consumption, capacity and 

emissions of electricity generation plants based on current operating and 

atmospheric conditions [14]. 

In most thermal power plants, there is no performance monitoring 

system for performance evaluation, but only some parameters 

(temperature, flow, pressure, etc.) are measured within the control 

systems for the operation of the plant. These parameters, measured by the 

control system, can be used to determine the performance of a part of the 

plant and elements, but do not express the current state. At present, any 

loss in the performance of the plants is evaluated by the plant personnel. 

Even if they are very experienced, it is very difficult for the operators to 

fully evaluate the performance results due to the excess of parameters in 

the power plant and its elements and the lack of reference performance 

values in different operational and environmental conditions. The fact 
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that each plant has a separate design and technology makes it difficult to 

make human-based assessments healthy. Aside from the personnel 

knowledge and experience, an additional system that can evaluate the 

power plant performance is needed [15-44]. Therefore, performance 

monitoring and evaluation systems that compare the actual value with the 

reference performance value and determine the economic size of it 

contribute to achieving healthier results for the power plants. 

3. DEVELOPING A PERFORMANCE MONITORING SYSTEM 

3.1 Establishing a Data Management System 

In today's digital world, an optimally operating power plant needs 

meaningful and accurate data to ensure reliable operation of equipment 

and units. Data from control systems, SCADA systems, energy 

management systems, sensors in the field equipment should be organized 

for optimization and accessible for evaluation. 

In order to establish the infrastructure of the evaluation and 

monitoring system in Ambarlı Combined Cycle Power Plant, it is planned 

to establish a PI system to collect data from the plant site. The 

abbreviation "PI" in English is the abbreviation of "Process (Plant) 

Information"), used to describe all information (data) produced by a 

process consisting of electrical or mechanical equipment. Generally, the 

PI system is used to collect, save and manage data in a process or job. 

The PI system is capable of gathering processes and enterprises from 

multiple points (established in different geographical locations) in one 

place. In this way, all systems can be observed in one place and all data 

required for analysis can be collected. The operation of the system is 

simply as follows: Data received from a data source comes to the PI 

system via an interface, which can be reported by the user in any desired 

format.  

The information generated by the PI system for an industrial 

enterprise can be low in availability and large in capacity. For this reason, 

there are several commercial programs called “PI Management Systems" 

which are developed to make this information usable and meaningful and 

to convert it into data that can be saved and stored. The PI system is 

basically a PC-based system and is capable of communicating with the 

interfaces (OPC- Open Platform Communications) with other industrial 

devices that collect sensor data and status messages from intelligent 

machines, as shown in Figure 1. 
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Figure 1. Typical PI system network connection (left) and basic structure (right)  

(Copyright: OsiSoft) 

3.2 Data Processing and Filtering 

The PI system is capable of receiving all parameter data from the OPC 

machine at regular intervals. The raw state of these data may be too bulky 

for a healthy observation of the process. It is also possible that 

unnecessary data is saved and stored for years. In order to prevent this, 

some of the observed data in the PI System can be compressed with the 

name Exception and archived data with the name Compression. In this 

way, unnecessary data is not stored and system performance can be kept 

high, resources can be used more efficiently. 

In PI data processing stage; All data from the OPC server connected to 

the SCADA system is observed and recorded depending on a particular 

algorithm to be meaningful and give an idea, Figure 2. The collected 

parameters are stored in archive files, all data between each start and end 

time. 

.  
Figure 2. Steps of raw data processing and trend formation 

3.3 Determination Of Performance Parameters 

The purpose of the performance monitoring and evaluation system to 

identify the operational problems of the plant managers and operators, to 

improve the unit performance, to make maintenance plans and to monitor 

the performances and performance losses of the units and equipment in 

order to make economic decisions. Therefore, a successful performance 

monitoring system should show the amount of change in unit and 

equipment performances and the share of equipment in total performance 
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loss. For this, long-term monitoring of all the values obtained during the 

operation of a power plant, performance analysis and comparison with 

past performance values is very important in detecting the degradation of 

the unit or equipment.  

The performance monitoring and evaluation system calculates the 

corrected value of the measured value in the reference environment and 

operating conditions and compares it with the reference values and 

determines the degradation in the unit or equipment. Degradation is 

defined as performance loss due tomechanical problems in equipment, 

contamination, aging, wear and the like. As a result, degradations are 

important because they represent the performance of existing units and 

equipment and should be continuously monitored by performance 

monitoring systems. For performance monitoring, it is necessary to 

calculate the expected and actual (current-measured) performance. The 

difference between these two performances will give us degradation rate. 

However, since performance losses due to operating and environmental 

conditions are not within the scope of degradation, the calculation should 

not take this into account. In order to make the necessary comparisons in 

order to evaluate the actual performance, the design and off-design 

performance values of the unit where the performance monitoring and 

evaluation system will be installed are needed.  

The aim of the study is to design and then realize a plant performance 

monitoring and evaluation system that will monitor and measure the 

mechanical, hydraulic and thermodynamic parameters affecting the plant 

performance on a plant-by-plant basis and thus compare the plant's total 

performance. With this system to be installed, the operator can be 

informed about the performance levels of the equipment. In addition, it 

will be provided the operator with the flexibility of movement to 

determine the parameters that cause performance failure and to identify 

and solve the problem, to contribute to the solution of the problem 

quickly, easily and as independently of the human factor. When 

monitoring the performance of a unit, the performance degradation of 

both the unit and the equipment must be determined separately. Total 

degradation indicates the current state of the unit, while equipment 

degradation indicates where the total degradation stems from. Once the 

equipment-based degradations are identified, it is also possible to plan the 

work required for performance recovery. Therefore, first of all, A CCPP 

Power Plant was divided into 3 main sections and the parameters and 

performance indicators affecting the performance of these sections were 

determined in Table 1. 
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Table 1  Parameters and performance ındicators affecting the performance of the plant. 

Model Name 
Parameter Affecting  

Performance 
Performance Outputs 

Gas Turbine 

Outdoor Temperature 
Air pressure 

Relative humidity 

GT Filter Pressure Loss  

GT Drop Pressure Loss 
IGV Angle 

Fuel AID 

Net Power  
Heat Rate  

GT Exhaust Flow  

GT Exhaust Temperature 

Heat Recovery 

Steam Generator - 
HRSG 

GT Exhaust Flow  

GT Exhaust Temperature  

YB Steam Flow  

YB Steam Temperature 

AB Steam Flow 

AB Steam Temperature 

Steam Turbine and 

Water Cycle 

YB Steam Flow   

YB Steam Temperature   

AB Steam Flow 
AB Steam Temperature 

Coolant (Water) Temperature 

Net Power   

Condenser Pressure 

All Cycle 
Outdoor Temperature  

Coolant (Water) Temperature 

Net Power  

Heat Rate 

Two different methods can be used to evaluate the determined 

performance parameters by the performance monitoring system.  

These are; 

1- Curve-based method (correction method) 

2- Model-based method 

In the curve-based method, the correction factors obtained from the 

correction curves prepared by the manufacturer or made as a result of the 

simulations and analyses are used for the parameters affecting the 

performance. The expected power calculation for the gas turbine made 

using correction factors is given in (1).  Another method is the model-

based method. In this method, computer simulation including physical 

models of the equipment is operated with data measured from the plant 

and expected performance values are obtained. 

 𝑁𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 =  𝑁𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 ∏ 𝐷𝐹𝑖
𝑛
𝑖=0   (1) 

The curve-based method was used in the application to be made at A 

CCPP Plant. For this reason, performance curves supplied by the 

producer at the plant were investigated and correction curves were 

obtained with the help of the curves found. However, as a result of the 

evaluations, it was seen that the number of performance curves obtained 

from the units of the A CCPP Plant was insufficient to calculate many of 

the performance indicators. For this reason, in order to obtain the required 

performance curves, the three main sections forming the power plant 

were simulated with the GateCycle ™ program and performance curves 
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were obtained. In addition, the simulation model of the whole cycle was 

created by combining these sections validated with the design values, and 

the effects of the parameters affecting the whole cycle were examined 

and the results were presented. Off design simulation models are used to 

examine the operation of the equipment that is dimensioned according to 

design values with the design mode under different operating conditions. 

Thus, with the parametric studies, the effects of various operating values 

on power plant performance can be seen. It is possible to obtain designs 

close to the actual design by entering the known design information into 

the program in the current system. In addition, the effect of equipment-

based degradation on the power plant can be examined in the prepared 

models. 

3.4 Designing Of Performance Monitoring System 

In the studies, it is determined that some additional measurements are 

needed besides the measured data in the plant to calculate the 

performance indicators of A CCPP. In this context, firstly the most 

suitable locations and measuring devices for additional measuring points 

were determined. A CCPP performance calculations required for 

additional measurement devices is listed Table 2 and GT Additional 

Measuring Points is shown in Figure 3. 

 
Table 2  Performance calculations requıred for additional measurement devices. 

 

Q 

Measuring 

point 

Related 

equipment/ 

Measured 

parameter 

Range Unit 
Output 

Signal 

Measuring 

environment 

1 
Outdoor 

environment 
Conditions 

Outdoor 

Ambient 

Temperature 
And Moisture 

Measuring 

 C,  mA  

2 
Filter inlet-

outlet 

Differential 

pressure 

transmitter 

0-300 mbar mA Pneumatic 

1 
Compressor 

outlet 

Pressure 

transmitter 
0-2 mbar mA Pneumatic 

1 
Compressor 

inlet nozzle 

Differential 

pressure 

transmitter 

0-300 mbar mA Pneumatic 

4 
Combustion 

chamber 
entrance - exit. 

Differential 

pressure 
transmitter 

0-300 mbar mA 

Pneumatic, 

High 
temperature, 

1200 C 
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Figure 3. GT Additional Measuring Points 

As a result, in order to set up a Performance Monitoring and 

Evaluation system at A CCPP Plant, in addition to the existing signals 

measured from the 1st Unit, the equipment selection and the necessary 

installation works for 59 signals determined by the project team were 

completed.  

As an instrumentation work at A CCPP Plant, PI software developed 

by OsiSOFT was installed on a server computer in order to receive the 

signals of the 1st Unit of the plant and additional measurement points. At 

the same time, this computer is configured as a web server and it is 

possible to access web-based switchboard data. This system was then 

upgraded to make it possible to add additional measuring points to the 

system, as shown in Figure 4. 

 

 

Figure 4. Final status of the system control architecture after additional measuring points 
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4. THERMAL POWER PLANT PERFORMANCE ANALYSIS 

4.1 Performance Indicators and Calculations 

In order to calculate the overall unit performance, the effects of the 

deterioration in the equipment on the overall unit performance should be 

calculated. As a result, the operator will also be able to assess the relative 

importance of deterioration in each monitored performance, making it 

easier to make decisions about the maintenance needs of the equipment. 

The effects of the equipment on the overall unit performance can be 

calculated in 3 parts; 

 Effect on Unit Power 

 Effect on Unit Heat Rate 

 Effect on Unit Costs 

Performance monitoring system is a system that continuously 

evaluates the data obtained during the operation of a unit and compares 

the performance of the unit and the equipment with the required values 

according to the current operating and environmental conditions. In order 

to calculate the expected performance values in the curve-based method, 

performance curves prepared according to the operating and 

environmental conditions are needed. Using the correction factors 

obtained with the help of these curves, expected performance values for 

both the plant and the equipment constituting the plant can be calculated.  

As a result of this process, the calculated values can be compared 

with the actual values and the degradations on the basis of plant and 

equipment can be calculated. Generally, the performance curves are 

delivered to the plant by plant and / or equipment manufacturers.  

However, if these performance curves cannot be found, the necessary 

curves and performance values can be obtained by analyzing the 

simulation models of the power plants. While performing the 

performance analyzes of the A CCPP Plant where the application will be 

made, some of the required performance curves were obtained from the 

plant files. The list of curves to be used in the performance monitoring 

system is given in Table 3. 

Table 3. Correction curves required for performance calculation 

No Equipment Performance curves Performance indicator 

1 Gas turbine Filter pressure loss Power 

2 Gas turbine Inlet air pressure Power 

3 Gas turbine Outlet air pressure Power 

4 Gas turbine Outdoor temperature Power 
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5 Gas turbine Air relative humidity Power 

6 Gas turbine Fuel LHV - Net calorific value Power 

7 Gas turbine Inlet Guide Vane (IGV) Angle Power 

8 Gas turbine Filter pressure loss Heat rate 

9 Gas turbine Inlet air pressure Heat rate 

10 Gas turbine Outlet pressure loss Heat rate 

11 Gas turbine Outdoor temperature Heat rate 

12 Gas turbine Air relative humidity Heat rate 

13 Gas turbine Fuel LHV - Net calorific value Heat rate 

14 Gas turbine Inlet Guide Vane (IGV) Angle Heat rate 

15 Gas turbine Filter pressure loss Exhaust flow 

16 Gas turbine Inlet air pressure Exhaust flow 

17 Gas turbine Outlet air pressure Exhaust flow 

18 Gas turbine Outdoor temperature Exhaust flow 

19 Gas turbine Air relative humidity Exhaust flow 

20 Gas turbine Fuel LHV - Net calorific value Exhaust flow 

21 Gas turbine Inlet Guide Vane (IGV) Angle Exhaust flow 

22 Gas turbine Filter pressure loss Exhaust temperature 

23 Gas turbine Inlet air pressure Exhaust temperature 

24 Gas turbine Outlet air pressure Exhaust temperature 

25 Gas turbine Outdoor temperature Exhaust temperature 

26 Gas turbine Air relative humidity Exhaust temperature 

27 Gas turbine Fuel LHV - Net calorific value Exhaust temperature 

28 Gas turbine Inlet Guide Vane (IGV) Angle Exhaust temperature 

29 Waste Heat Boiler Exhaust flow HP Vapor flow change. 

30 Waste Heat Boiler Exhaust flow LP Vapor flow change. 

31 Waste Heat Boiler Exhaust temperature HP Vapor flow change. 

32 Waste Heat Boiler Exhaust temperature LP Vapor flow change. 

33 Waste Heat Boiler Exhaust temperature HP Vapor flow change. 

34 Steam turbine HP steam flow Power 
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35  Steam turbine LP steam flow Power 

36 Steam turbine Condenser pressure Power 

37 Steam turbine HP steam temperature Power 

38 Steam turbine HP steam flow Turbine efficiency 

39 Steam turbine LP steam flow Turbine efficiency 

40 Steam turbine Condenser pressure Turbine efficiency 

41 Steam turbine HP steam temperature Turbine efficiency 

42 Steam turbine Cooling water temperature Condenser pressure 

Since the number of curves obtained from the plant is insufficient to 

calculate most of the performance indicators, the plant is simulated with 

GateCycle ™ software to obtain the necessary performance curves and 

the necessary performance curves are obtained. Off-design simulation 

models are used to examine the operation of the equipment that is 

dimensioned according to design values with the design mode under 

different operating conditions. Thus, with the parametric studies, the 

effects of various operating values on power plant performance can be 

seen. In addition, the effect of equipment-based degradations on the unit 

can be examined in the prepared models. While simulating the power 

plant, 3 main sections are examined and finally, the whole cycle is 

simulated by combining these 3 main sections and parametric analyses 

are completed. The three main parts of the Am CCPP Plant cycle are as 

follows: 

 Gas Turbine 

 Waste Heat Boiler (WHB) 

 Steam Turbine and Water Cycle 

The parameters affecting the gas turbine performance are the 

parameters that affect the compressor inlet air and these weather 

conditions (pressure, temperature and flow) and fuel properties. 

According to the changes in these parameters, gas turbine outputs (power, 

outlet temperature and pressure) and efficiency change. With the 

simulation model, the effects of the changes in these parameters on the 

gas turbine outputs can be revealed. When the guaranteed values are 

compared with the simulation results in design mode, it is seen that the 

model in design mode (Figure 5) represents the gas turbines used in A 

CCPP plant and the GT simulation made in GateCycle ™ program is 

verified. 
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Figure 5. A CCPG GT GateCycle ™ simulation 

The following parametric analyzes were performed to verify the off-

design simulation model and the results are given in Figures 6, 7, 8, 9, 10, 

11 respectively.  

 

Figure 6. Change in GT net power according to outdoor temperature 
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Figure 7. Change in GT net power relative to change in air pressure 

 

Figure 8. Change in GT net power relative to change in relative humidity (15 ° C) 
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Figure 9. Change in GT net power according to inlet filter pressure loss 

 

Figure 10. Change of GT net power according to GT output pressure loss 
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Figure 11. Change in GT net power relative to change in natural gas lower thermal value. 

When these graphs are examined, the maximum difference between 

the power calculated according to the reference correction curves and the 

GateCycle ™ model is calculated as -6% in the outdoor temperature 

change curve. This difference occurs in sections where the outdoor 

temperature is 45 ° C. The difference between -15 ° C and 30 ° C is the 

highest -2%, which is within acceptable limits for simulation studies. The 

performance indicators of these main parts were determined and the data 

to be measured were determined. Among these data, the existing ones at 

the plant and the data that should be added were determined. The devices 

to be installed in additional measurement sites were determined and bided 

and these measurement data were transferred to the PI system. Thus, a 

data system was created to calculate performance indicators for each part. 

Figure 12. Power plant modeling screenshot 
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6. RESULTAND EVALUATION  

There are many studies on thermal power plant performance 

monitoring systems applied in the energy world. Thermal power plants 

should be operated at maximum efficiency and profitability due to their 

high production income and economic size. In this sense, great 

importance is given to performance monitoring systems and studies show 

that these systems increase energy efficiency. Thanks to the data 

collection system installed in the plant, all physical and mechanical 

quantities (pressure, flow rate, temperature, power, etc.) that can be 

monitored from the control room can be monitored from outside with the 

user-defined user name and password and necessary performance 

calculations can be made. The necessary measurements and performance 

parameters of the power plant are determined on the basis of equipment 

and total power plant in order to perform performance calculation. 

Additional measurements (pressure, temperature, flow, etc.) required to 

calculate the defined performance parameters were determined and 

appropriate measurement points were determined for these measurements 

at the plant. 

Thanks to the designed system, performance parameters on the basis 

of unit and equipment, degradation, degradation costs and trends in a 

given time period will be followed and an important historical database 

will be created for the plant in the future. These data provide input both 

for the operation of the plant and for the predictive maintenance of the 

plant.A Natural Gas Combined Cycle Power Plant has been selected as 

the power plant where the project will be implemented and the PI System, 

which forms the infrastructure of the evaluation and monitoring system, 

has been established. Thus, all systems can be observed in one place and 

all data required for analysis can be collected. Then, the necessary 

measurements and performance parameters of the plant for performance 

calculation are determined on the basis of equipment and total plant. 

After that, the actual working situation is simulated in the computer 

environment and the design working conditions are verified and 

correction curves are obtained for the equipment (pump, gas turbine, 

waste heat boiler, etc.).  

Using the correction factors obtained from these correction curves, the 

total unit and equipment (pump, gas turbine, waste heat boiler, steam 

turbine, etc.) performance parameters, degradations, the share of 

equipment in total degradation, hourly cost of equipment degradations 

and the necessary algorithms including impact and solution analysis were 

developed and a special program was developed for A Natural Gas 

Combined Cycle Power Plant.With this program, performance parameters 

on the basis of unit and equipment, degradations, degradation costs and 

trends in a certain time period can be followed and an important historical 
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database for the plant can be created in the future. In addition, these data 

will help the plant team both in the operation of the plant and predictive 

maintenance of the plant. Thus, the status of the units and equipment in 

the power plant can be evaluated more healthily and possible 

performance losses will be minimized. 
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1. Introduction 

In all processes, decisions are made to select, evaluate and progress. 

Multi-Criteria Decision-Making (MCDM) methods have been used in 

several industries to make reliable decisions under multiple conflicting 

criteria. In the automotive industry, MCDM methods have predominantly 

been used in supplier selection problems. This study uses the Analytical 

Hierarchy Process (AHP) and the Preference Ranking Organisation 

Method for Enrichment Evaluation (PROMETHEE) methods for selecting 

the most suitable automobile for consumers. AHP was used to attribute 

weights for each criterion. Three subject matter experts were involved in 

the study to evaluate the importance of each criterion. PROMETHEE was 

used to rank seven alternatives under nine criteria. This study provides an 

insight into the use of MCDM methods in the selection of an automobile. 

In the automotive industry, manufacturers aim to develop the best 

business strategies in both manufacturing and marketing to be able to stand 

in the competitive market [1], [2]. As part of their strategy, manufacturers 

follow the most updated technology in their production lines by aiming to 

minimise their costs, meet regulatory requirements and improve the quality 

of their products. In addition, manufacturers analyse customer behaviours 

to design products that respond to their needs and preferences [3], [4]. The 

automotive manufacturer companies might only target wealthy consumers, 

or they might target a broader range of consumers by providing a more 

extensive range of products [5] – [7]. 

As many manufacturers available in the market, consumers have 

numerous alternatives to purchase a car. They make purchasing decisions 

under several criteria, including price, fuel economy, performance, brand 

perception, service quality, exterior and comfort [1], [5], [6], [8], [9]. More 

specifically, customers desire to purchase the best quality of the car with 

the lowest price. However, these criteria might be conflicting as in price 

and quality. Quality comes with a price. At this point, Multi-Criteria 

Decision-Making (MCDM) methods can be used in several industries to 

deal with the complexity in the decision-making process [10], [11]. 
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In the automotive industry, MCDM methods have been predominantly 

used to support decision-making in supplier [4], [12]–[16], and design 

concept selection problems [17]. A few studies, however, used MCDM 

methods in car selection problems. Apak et al. [5] used the Analytical 

Hierarchy Process (AHP) method in a luxury car selection problem. 

Similarly, Byun [1] used AHP to support decisions made in a car selection 

problem. Sakthivel et al. [6] used a hybrid MCDM approach for evaluating 

cars. Raut et al. [18] applied Analytical Quality Fuzzy (AQF) to determine 

the best automobile among the alternatives. Singh et al. [19] used fuzzy 

AHP and TOPSIS methods to select a sedan car from the Indian car market. 

Despite the potential value of each MCDM method, researchers suggested 

integrating different MCDM methods to make more reliable decisions 

[20]. 

This study used an integrated AHP and Preference Ranking 

Organisation Method for Enrichment Evaluation (PROMETHEE) 

approach for selecting the most suitable automobile. The study used AHP 

to attribute weights to the selection criteria and PROMETHEE to rank 

alternatives considering nine criteria.  

2. Study design 

This study applied an integrated AHP and PROMETHEE approach to 

select the most suitable car among seven alternatives under nine selection 

criteria. The design of this study involves three stages: data collection, 

AHP application and PROMETHEE application (see Figure 1).  

Figure 1: Study Design for the Selection of the most Suitable Car 

In the data collection stage, authors first identified the selection criteria 

by reviewing literature [1], [5], [6], [8], [9] and automobile-related web 

sites [21]. Second, the authors designed a questionnaire to compare the 

 
PROMETHEE application 

 to rank alternatives 

Step 1 Select the preference function 

for each criterion  

Step 2 Use weights allocated from 

AHP application (wj) 

Step 3 Use data gathered to create 

evaluation Table for alternatives (Cj 

(Ai)) 

Step 4 Rank alternatives  

Step 5 Recommendation 

 

Data Collection 

 to identify criteria (Cj) 

 to conduct a pair-wise comparison of 

criteria 

 to determine alternatives (Ai) and 

evaluate them under the criteria 

identified (Cj (Ai)) 

AHP application 

 to weight each criterion 

Step 1 Problem modelling 

Step 2 Weights (wj) attribution 

Step 3 Sensitivity analysis  

C1, C2,… C9 
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importance of each criterion (Cj). A paired comparison analysis was 

undertaken by using a 1 to 9 scale. Three subject-matter experts (SMEs) 

were involved in the questionnaire. The geometric mean of the responses 

from three SMEs was calculated to attribute weights in the AHP analysis. 

Third, the authors determined alternatives (Ai) and evaluated them under 

the criteria identified (Cj(Ai)) by browsing a UK based car review website. 

On this website, experts assign a score from 1 to 100 to evaluate cars under 

multiple criteria [21]. These scores were used in PROMETHEE analysis 

to evaluate alternatives. 

AHP application, which was developed by Saaty [22], was undertaken 

in three main steps. First, the problem is modelled in a hierarchical 

structure by including the overall objective and criteria (n=1, 2,..j). Second, 

a pair-wise comparison matrix was created to attribute weights (wj) of 

relative importance to the criteria. Third, a sensitivity analysis was 

undertaken for consistency checking [22]. In this study, all calculations 

were made by using MS Excel. 

The PROMETHEE method, which was developed by Brans [23], was 

applied by following six main steps. First, a preference function was 

selected for each criterion. Brans proposes six possible types of preference 

functions (i.e. usual, u-shape, v-shape, level, linear and gaussian) to the 

decision-makers [24]. This study selected the preference function of linear 

as it fits well with quantitative data. Furthermore, the objective of each 

criterion in terms of being maximisation or minimisation was stated. 

Second, relative importance to the criteria was assigned through the 

weights calculated in the AHP application. Third, evaluation Table that 

represents the value (Cj(Ai)) of the alternative i (Ai) under criteria j (Cj) 

was constructed. Fourth, alternatives were ranked through PROMETHEE 

I and PROMETHEE II. Fifth, the most suitable option was determined 

based on the ranking orders. This study used Visual PROMETHEE 

software to apply the method. 

3. Results 

In this study, nine criteria were identified: performance (C1), handling 

(C2), comfort (C3), space (C4), styling (C5), build (C6), equipment (C7), fuel 

consumption (C8) and price (C9). Table 1 provides a description of each 

criterion and the weights attributed. 
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Table 1: The Description of Each Criterion 

Criteria Description Weight 

Performance  The consideration of torque, horsepower, engine 

volume, fuel type, etc. 

0.13 

Handling The ability of a car to respond to the inputs of a 
driver 

0.19 

Comfort The consideration of temperature, noise, vibration, 

air quality, light and ergonomics 

0.05 

Space Space for occupants and luggage capacity 0.06 

Styling The style of the interior and exterior parts and 

accessories 

0.04 

Build The body and chassis of a car 0.07 
Equipment Equipment and systems in a car (e.g. full-LED front 

lights and airbags and touch screen system) 

0.04 

Fuel consumption Calculated by the litres used to get 100 km distance  0.21 
Price The price of a brand-new car 0.21 

Seven alternatives were selected among the car brands having a good 

reputation in the market: Mercedes S-Class (A1), BMW 5 Series-Touring 

(A2), Skoda SuperB-MK3 (A3), Range Rover-MK4 (A4), Citroen C3 

Aircross (A5), Peugeot 3008 (A6) and Honda Civic Type-R (A7). Figure 

2 models the problem in a hierarchical structure. The first level represents 

the objective of the study: selecting the most suitable car. The second level 

shows the criteria, and the third level shows the alternatives. 

Figure 1: Problem Modelling 

The relative importance of each criterion was calculated by using the 

dataset obtained by SMEs, and, in turn, weights (wj) attributed to each 

criterion (j) as demonstrated in Table 1. Fuel consumption (w8= 0.21) and 

price (w9= 0.21) appears to be the most important criteria when selecting 

a car.  
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Figure 2: Visual PROMETHEE Input Screen 

The Visual PROMETHEE software was used to rank the alternatives. 

Figure 3 demonstrates the input screen of the software. First, the criteria 

and options were entered. Next, the details of the criteria to be minimised 

or maximised, and the weights of each criterion were entered. Then, the 

evaluation Table was filled based on the data obtained from a car review 

website [21]. After that, the preference functions and thresholds values for 

each criterion were selected to run the analysis. 

The Visual PROMETHEE software calculated the positive (Phi+) and 

negative (Phi-) flow values for the PROMETHEE I partial ranking results, 

and the net (Phi) flow value for the PROMETHEE-II complete ranking 

(see Figure 4). 
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Figure 3: PROMETHEE-I and PROMETHEE-II Scores 

Table 2 lists the Phi, Phi+ and Phi- scores and provides a ranking order 

for the alternatives. The application of PROMETHEE suggests the 

selection of Honda Civic Type R under given nine criteria. However, it 

must be noted that the weight attribution to each criterion plays a 

significant role in the ranking. In this study, SMEs gave priority on 

technical features of the cars when selecting a car. However, others, for 

191



 

 

 

 

 

instance, might prefer comfort over performance, or might not have any 

preference in terms of price.  

Table 1: PROMETHEE Phi, Phi+ and Phi- Scores and alternative 

Ranking  

Alternative Rank Phi Phi+ Phi- 

Honda Civic Type R  1 0.1601 0.2502 0.0901 

BMW 5 Series-Touring 2 0.1403 0.2652 0.1249 
Peugeot 3008 3 0.0839 0.1846 0.1007 

Mercedes S-Class 4 -0.0433 0.1873 0.2306 

Citroen C3 Aircross 5 -0.0792 0.1308 0.2100 

Skoda SuperB-MK3 6 -0.1000 0.1631 0.2631 
Range Rover MK4 7 -0.1617 0.1644 0.3261 

4. Conclusions 

This study used an integrated approach to AHP and PROMETHEE to 

select the most suitable car among the seven alternatives under nine 

criteria. AHP was used to attribute weights to each criterion, and 

PROMETHEE was used to rank alternatives. The integration of two 

methods enables making a more reliable evaluation. 

Once several criteria and alternatives are involved in the decisions 

making process, it can be challenging for decision-makers to reach to a 

conclusion. In such circumstances, MCDM methods are useful to support 

decisions made by considering the importance of each criterion. Although 

each consumer might have different preferences, the selection findings can 

be quickly revised based on their preferences [25]. 

In the automotive industry, MCDM methods have mostly been used by 

manufacturers to select suppliers. This study provided an example of its 

different use by focusing on consumers’ preferences on the selection of the 

car. All stakeholders can use MCDM methods because almost all processes 

involve making decisions. For instance, MCDM methods could have been 

applied by dealers to better respond to consumers’ preferences. Dealers 

might develop a web-based programme by using MCDM methods to 

customise consumers’ search results in line with their preferences.  
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1.Introduction 

Modernization which is defined as a thought system that has started in 

Europe in the 17th century and which has influenced the whole world 

afterward as marking on communal life and organization forms comprises 

various transformations in social life. Modernization is perceived as the 

struggle of accepting the features of highly developed societies by less 

developed societies (Giddens, 2004: 19). In modernization processes, 

generally, dualities such as culture/civilization, new/old are observed. In 

the Ottoman community, concepts of Modernization and Westernization 

have been used synonymously. In the 19th century, modernizing 

generations ranging from reformist bureaucrats to the leaders of the new 

Republic, have tried to reach the level of western civilization and to 

progress by importing institutions, forms, and techniques. At the beginning 

of the 19th century, during the period when the Ottoman economy opened 

up to the capitalist global economy, The English Commercial Agreement 

of 1838 has constituted an important turning point. European commodities 

such as furniture, building materials, and costumes being produced after 

this agreement, have begun to come to the Empire (Goffman and Masters, 

1999:199). With the Reorganization Reforms (1839), modernization has 

become a rule in each area of the community. The continuous contact had 

with European products and traditions has created a change in the living 

style. This situation was first felt in the palace life and then, it was felt in 

the housings of segments being noble and having high incomes (Berkes, 

1975:30). Ottoman community has adopted the Western lifestyle with 

culture, traditions, fashion, dining, and culinary culture and they have 

preferred the Western style of furniture and decoration in their homes. Item 

usage and in-house lifestyle habits from nomadic life have been replaced 

by a new lifestyle called “Alafranga” (European Style). Since the Reforms 

Period, furniture, kitchen tools, heating and lighting equipment, or their 

imitations that were brought from the West have been used. This situation 

has changed home life and house planning by influencing various actions 

such as eating, drinking, sitting, and sleeping. Modernizing life has 

disrupted the cultural balance of life and has caused a confusion to be 

experienced between the old and the new. The transformation of home and 
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lifestyle has caused a new architecture to arise and apartment life was 

adopted as being the most suitable one. Housing architecture has always 

been an effective reform and change tool besides being a powerful symbol 

due to its nature (Tanyeli, 1996: 284-298). 

Changes occurring at housing spaces reveal important information 

about the transformation of lifestyles of communities and daily 

applications of individuals. The transformation of the house cannot only 

be considered as physical changes as per functional requirements. This is 

a cultural change occurring at the same time. With regard to housing, 

cultural change means a physical change that occurs as per the housing 

settlements and changing identities of habitants. Lifestyles of people living 

in a defined environment can reshape their identities with the impact of 

their cultural changes. Structure, order, style, decoration, and furniture of 

housing make it become a place different than others where it can define 

itself. According to the saying of Rapoport (1981); housing is a process, an 

identity, a personal value, and a venue where status is being defined. 

Furniture, objects, and their placement in the venue give certain messages. 

All of them are defined as cultural change and cultural change can be 

summarized as a complete alteration of society or as a partial 

transformation taking place in certain segments of the community. Socio-

cultural and economic developments, the effects of Western civilization, 

reforms, women-human rights, changing roles in family members, nuclear 

family type have influenced lifestyles and changing housing plan orders in 

Turkey in the modernization period starting from the 19th century until 

today. In this article, the impacts of the modernization movement that has 

started within the institution of the Ottoman State from the beginning of 

the 19th century, on the housing changes, housing typology, and housing 

designs from the period of starting till nowadays have been examined.  

2.Housing During Modernization Process in Turkey  

In Turkey, the modernization process has emerged starting from the 

beginning of 19th century and it is continuing. However, the major change 

in housings is observed starting from the second half of the 19th century. 

2.1. Change in Housing in the Second Half of 19th Century and at 

the Beginning of 20th Century 

Turks were living for years in Middle Asia and after immigrating to 

Anatolia in the form of a nomadic community in the tents named as “Yurt”.  

Turks who began to live in permanent settlement in time, have established 

“Turkish House” in which they have used fixtures beings shaped with their 

own cultures, traditions, and needs. Due to the structure of Turkish-Islamic 

thought style based on the principle that “less is more”, in Turkish houses 

very few objects were used for years (Kuçukerman, 1985: 32; Gunay, 

1999: 214). Items such as couch and cupboard in the interior are mostly 
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fixed items attached to the structure. Room which is the main component 

of Turkish house is a multi-functional living unit. In the housings where 

traditional Turkish family in the form of wide family lived, each room was 

organized to meet the needs of a nuclear family. In each room it is possible 

to sit, rest, eat meals, cook meals, and even to have a bath. Planning of 

Turkish house was established with the organization of rooms around a hall 

named as “sofa”. Sofa is a multi-functional central space and circulation 

area where other rooms opened to. Spatial relationship of sofa and the 

rooms constitute housing typology: Such as houses with exterior sofa, 

interior sofa, middle sofa, and houses without sofa. Houses generally had 

two floors. Upper floor is the living area (Eldem, 1984: 14-15). The 

kitchen, bathroom, and toilet are usually in the garden outside. Housing 

features are similar for each segment in the community and richness was 

only reflected on number of rooms and decoration. Housing rooms and 

privacy are among the most important characteristics of these housings 

(Fig.1). 

 

     

Fig.1. Traditional Turkish House Plan Type (Gunay, 1999: 214), 

Traditional Turkish House Room (Gunay, 1999: 171) and General 

Appearance of Traditional Turkish House. 
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The traditional house of the Ottoman period has begun to transform 

during the Modernization period. At the end of the 19th century, 

modernization efforts of the Ottoman period had impacts on urban spaces, 

housing typologies, architectural styles, and decoration. As a result of 

increasing population and usage of European commodity household goods, 

row houses have come out as a new housing typology. Row houses took 

the place of houses that were previously built in the gardens. Row houses 

were built for medium-income merchants, artisans, and bureaucrats in 

certain regions in Istanbul. The primary factor that differentiated a row 

house from a traditional house was related to the floor plan (Batur et all, 

1978: 60-65). An introverted type of plan relating to traditional houses was 

developed as facing the street in this type of housing. The lower floor of 

housing was constituted of store and living area and the upper floor was 

constituted of the bedroom floor (Fig.2). Gorgulu (2016: 167) has defined 

row houses by stating: “With the emergence of medium classes for the first 

time in the 1880s, row houses and apartments began to be built. The 

medium class was constituted of non-Muslim merchants realizing trade 

with Europe. Hence, apartment blocks and row house type of structuring 

examples have come out in non-Muslim quarters.” 

 

Fig.2. Row House Plan Type- Akaretler (Kızıl, 1981: 36) and View of 

Istanbul Row Houses - Akaretler (Kuban, 2007: 655). 

Another new typology was related to apartment blocks that were 

constructed in the Pera region of Istanbul as being the centre of 

modernization due to lack of land. When a Muslim Ottoman family chose 

to settle in Pera where Westernization movements were seen for the first 

time, they were deemed as having made a choice that determined a modern 

lifestyle. For this reason, people began to live in apartments having 

European type of corridor plan in Pera instead of a traditional Turkish 

house with sofa. Using Western-style furniture in these housings was 

accepted as being an expression of change relating to cultural and social 

status. According to Rapoport (1981: 12-13) personal identity is more at 

the forefront in modern Western culture and in this regard, housing is an 

element with which the individual symbolized himself. The same situation 

was lived through in the Ottoman period and housings have reflected the 
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status and richness of individuals in the community. These apartment 

blocks were designed by important European architects of that period. 

Western-type of housings that reached our time such as Decugis (1895- 

Architect Vallaury), Botter (1900- Architect d’Aranco), Doğan (1894), 

Kamondo, Mısır (1905-1910, Architect Hovsep Aznavuryan), Frej ( 1905-

1906, Architect Khyrikiadis), Tayyare Apartments (1918, Architect 

Kemaleddin) have provided an appropriate housing solution for the 

bourgeoisie as they were located close to finance region of Istanbul ( Figue-

3). In contrast to various apartments that were built in Neoclassical, New 

Baroque, Art Nouveau, Eclectic styles, Tayyare Apartments were built in 

national architectural style (Kuban, 2007: 654). It constitutes the first 

structuring group being realized with a reinforced concrete skeleton system 

in Istanbul and the first mass housing work in Turkey. Plan solutions of 

Tayyare Apartments resemble plan solutions of multi-floor social housing 

structures aiming to meet the sheltering requirements of the urban 

population that rapidly increased after the Industrial Revolution in Western 

European cities (Fig.3,4) (Yavuz, 1993: 24). As a result, in cities, vertical 

and high-density buildings started to be built. These houses were generally 

constructed on narrow parcels in various regions of the city. The typical 

floor plan of this type of house is composed of a living room facing the 

street, rooms being connected with a corridor, and service spaces. Each one 

of the rooms has a different function (Fig.4). During this period, family 

structure has changed towards a nuclear family. For this reason, in the 

housings being built during the modernization period, separation of men 

and women which was the case in traditional houses was eliminated. 

Buildings are composed of four or six floors. 

 

       

Fig.3. View of Mısır and Tayyare Apartments (Kuban, 2007: 656). 
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Fig.4. Floor plan of Tayyare Apartments (Kuban, 2007: 656), Typical 

Apartment Flat Plan of The Period (Kızıl, 1981: 36). 

2.2. Change in Housing During the Republican Period 

These relations between modernization and housing and mutual effects 

have also continued during the Republican period. The new state that was 

established in the year 1923 and the reforms that were realized have 

constituted an effective factor regarding these relations. In the early 

Republican period, housing policy was established around the logic of 

nationality instead of the requirements of capitalist urbanization. With the 

planning of Ankara as the capital of the new Republic, government staff 

and public officers came to the agenda (Keles, 2002: 147-148). Surely, in 

the first decades of the Republic, workers were considered among those 

needing sheltering on a systematic basis (Bozdoğan, 2001: 239-241). In the 

1930s, housings designed in reinforced concrete skeleton system as being 
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applied in the Modernization movement, began to be constructed. Housing 

designs of foreign architects such as Ernst Egli, Clemens Holzmeister, 

Bruno Taut have also influenced the designs of Turkish architects during 

the early Republican period (Kopuz, 2018: 363- 373). On the other hand, 

life in traditional Turkish house was not in harmonization with the new life 

of developing urban bourgeoisie of the Republican period. Until the 1940s, 

housing typology was influenced by the tension between official ideology 

and practical reality. When multi-floor housing production forms in the 

early Republican period are generally reviewed, it is seen that urban 

bourgeois that was tried to be newly established have built apartment 

blocks with their accumulations. These apartment blocks were mainly built 

to obtain a certain revenue and they were leased out. For this reason, 

housings that were built in the 1930s-1940s being privately owned were 

named “rental houses”. In connection with radiator usage, plan schemes 

were designed as rooms opening to a central hall or being lined up in the 

corridor (Gorgulu, 2016: 170) (Fig.5). 

 

Fig.5. Flat Plan of Ankara Rental Houses (Arkitekt Magazine, 1937, 

Istanbul). 

The years following the Second World War have been determinant in 

solving the housing problem from various aspects in Turkey. The 

economic and social dynamics leading to urbanization tendencies, the 

establishment of housing policies, and the emergence of a Turkish-style 

slum (gecekondu) house are observed in this period. Characteristics of the 

period are related to the rapid economization, industrialization, and the 

increase of irregular settlements in the city centres occurring with the 

changing economic policy. Starting from 1950 onward, illegal/legal 

housing structures have increased. Increasing migration and insufficiency 

of housing stock have enabled for small and medium scale enterprises to 

come out. Housing standards were established and published by the 

government in March 1964. Accordingly, the maximum base area of a 
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housing unit is determined as 63 m² (Public Housing Standards, 1964: 8). 

These standards have dissuaded luxurious constructions and it was passed 

on to mass housing production. During the rapid apartment block 

construction process, acceleration of the transformation of traditional 

housings and independent houses into apartment blocks, and lack of 

complementary municipality and construction legislation have caused 

irregular urbanization to take place. Property Ownership Law (1965), has 

constituted a turning point for the popularization of “apartment” type of 

housings as being dominant middle-class home typology and for them to 

become a standard. These buildings, the quality of which was low but the 

exchange value of which was relatively high were mainly built only for 

their usage values. They don’t represent an architectural style and they all 

look similar to one another. When it was reached to the 1980s, urban areas 

were covered with apartment blocks and slums. As being different from 

the architectural structuring of the early Republican period representing the 

“ideal house” phenomenon of nationality, modernization, and national 

bourgeoisie, the housing sector between the 1950s and 1980s, has become 

an experience where instant interests and needs of urban middle classes 

and urban poverty class were met spatially. In the year 1981, Social 

Housing Law has been reviewed and the government motivated private 

construction companies. However, settlement projects continued to be 

undertaken basically by local administrations in a significant way. In the 

last fifty years period, the urban population in Turkey increased 

dramatically. The difference between requirements and official housing 

supply, caused uncontrolled growth to take place and for the emergence of 

environmental problems that threatened the residents of big cities. With 

Mass Housing Law which became effective in year the 1984, the number 

of housings increased, and big scale housing areas have been developed 

outside the city to meet housing requirements. On the other hand, in recent 

years increasing number of luxurious housing developments are being 

observed. 

2.2.1. Basic Housing Typologies of the Republican Period 

The main housing typologies of the Republican period are in the form 

of apartment blocks, slums (gecekondu), mass housings, and luxurious 

housings. Furthermore, these types of housings are structures being formed 

with modernist discourse for the urban population with the features being 

unique to them. 

2.2.1.1. Apartment Blocks 

The increasing population density in cities has caused for housings to 

develop as horizontally and vertically. Flat is a prototype that combines 

living areas both side by side and on top of one another. Production types 

of these units are observed in two major groups: Build-sell (Contractor) 
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production type and mass housing production. The build-sell type of 

housing production method is a production based on private sector 

(Gorgulu, 2003: 50). The owner of housing gives his old housing to a 

contractor making this type of production, he causes the housing to be 

demolished, and he becomes the owner of a flat in return for a certain ratio. 

Mass housings are built by building cooperatives or official institutions. 

Regardless of production form, the purpose of rapid development of 

apartments as dominant housing typology in big urban centres as being 

based on socio-cultural and economic context starting from the 1950s, is 

related with the imposition of the “ideal house” opinion on the urban 

middle class as it has started in the 19th century. Following the 1999 

Marmara Earthquake, the urban transformation has started in big cities and 

new apartment blocks began to be constructed by demolishing old and 

worn buildings. Especially starting from the 2000s, apartment block 

structures with very high floors have taken their place in the housing sector 

under the name of “residence”. Being the owner of a flat in these high floor 

buildings has been accepted as a feature determining high status in the 

society. These housings which attract attention with their planning fitting 

to a consumption focused lifestyle, have become quite foreign to the 

Turkish housing order. Apartment flats that were designed for a nuclear 

family during the modernization process were reduced in terms of area and 

studio type of flats (open kitchen, 1 room, 1 hall) began to be built.  

Shortly, starting from the 1950s onward, modern flat has become a 

dominant structure establishing environment with the urban structure and 

social life with its scale, typology, production processes, and social 

aspects. As the most common residential unit, the apartment block is also 

equated with the concept of housing. Multilevel processes such as 

population growth, economic and cultural change, technological 

transformations, legal regulations, and a general change in the urban 

population's enjoyment and lifestyles have interacted in this expansion of 

apartments as the dominant urban housing layer. Moving to an apartment 

flat, establishing interior spaces having modern taste and styles, making 

changes relating to role models within the house constitute the dynamics 

of this differentiation. In the design of the apartments, the corridor has 

replaced the sofa in the traditional residence. The corridor turns into a line 

and separates the rooms facing the street from the service areas facing the 

backside. Generally, housing plans consist of a living space and 2-3 rooms. 

The number of flats on each floor changes between three to six and elevator 

is only mandatory in buildings having more than five floors (Fig.6). These 

prototypes do not belong to Anatolia. They are seen everywhere where 

modernization has touched. In interior space, people have met with their 

sitting rooms for the first time and the rooms have been defined as 

bedrooms, dining, and sitting rooms for the first time. Rooms in these flats 

nearly had equal sizes as per the Housing Standards of 1964. 
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Fig.6. A Typical Apartment Flat Plan and Space Organization in the First 

Examples of Slum Scheme of Space Variations for Slums in the 

Application for the Aga Khan Awards (The Aga Khan Award for 

Architecture, 1980). 

2.2.1.2. Slum (Gecekondu) 

When people began to migrate from villages to cities as a result of 

industrialization at the end of the1940s, cities were introduced with the 

concept of slum (gecekondu). Slums are defined as “gecekondu” in 

Turkey. Growing industrialization and developing transportation networks 

in the 1950s attracted villagers to the cities. As can be imagined, the 

housing stock of cities remained far behind the housing requirements of 

those coming. For this reason, at the end of the 1940s and the beginning of 

the 1950s, people from the worker’s classes have built slums, preferably 

close to the works that were provided for them (Cakır, 2012: 212). During 

this period, slum quarters have turned into slum villages surrounding the 
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city. In the first examples of slums, a housing unit contains a single venue 

that accommodates all types of activities, as in traditional housing. The 

number of rooms increased as income and needs increasing. For this 

reason, at the first stage of squatting, simple spatial organizations were 

generally used (Saglamer, 1993: 207-220; Turgut, 2001: 17-25). They had 

low-quality construction standards. Its residents still maintained their rural 

lifestyles and rituals, a high level of privacy, and regionalism. With the 

privileges given by the government, these housings have attained legal 

form at certain times. By benefiting from this situation, these housings 

were given to the build-sell sector and they were transformed from simple 

shelters into apartment blocks (Fig.6). 

2.2.1.3. Mass Housings 

Although Mass Housing Law came out in 1984 in Turkey, the starting 

of mass housing production is based on much more passed years. As it was 

also mentioned above, the first mass housing application in Turkey is 

accepted as being Tayyare Apartments. This building production system 

starting with apartment blocks was observed as row houses in the early 

Republican period, as independent houses in the 1950s, and as new 

apartment blocks in the 1970s. Saracoglu Housings that were built for staff 

as Ankara became the capital city (Paul Bonatz, 1945) was constituted of 

row houses and in this project where typical German housing settlement 

and Bauhaus principles were applied as settlement order, building fronts 

were bearing traces from traditional Turkish architecture (Bilgin, 1999: 

482) (Fig.7). 

While modern lines were seen in mass housings in apartment form that 

were produced by cooperatives after 1950, especially as it was the case in 

the example of Istanbul Levent Housings, independent houses with 

gardens have also been built in the form of mass housing. It is seen that 

housings of 90-100 m2 were built in the majority of plans applied in the 

1970s during when important housing examples such as Atakoy housings 

were produced and having the perception that the placement of smaller 

flats would reduce the costs and enable for a greater number of families to 

have shelter, has affected the projects (Fig.8). With the establishment of 

the Collective Housing Administration in 1984, many mass housing 

projects were realized in the big cities with the partnership of government 

banks. In the 1990s, besides apartment blocks, independent houses for 

high-income groups were also built as part of mass housing production. 

Features of almost all of these housings are that flat plans are generally 

constituted of corridor/ hall, living room, 2 rooms, kitchen, and bathroom. 
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Fig.7. Saraçoğlu Houses Flat Plan Type – Ankara, Saracoglu Houses- 

Ankara (Bilgin, 1999: 482). 
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Fig.8. Mass Housings Flat Plan Scheme- Atakoy, Istanbul. 

2.2.1.4. Luxurious housings 

In recent years, increasing numbers of luxurious housing settlements 

have been observed inside and around the cities throughout Turkey. These 

settlements were especially preferred by high- income families. Luxurious 

housings are observed in two forms: Residences and gated communities. 

In recent years, residences being multi-floor housing blocks have been 

established near business centres, including various services of a five-star 

hotel. These developments in the urban centre attract high-income groups. 

These high residences being constructed as a live fashion, have 

disseminated throughout Turkey starting from Istanbul. Residences being 

built as multi-floor buildings where modernizing life is presented as a new 

sheltering form creates a living alternative near the centre for the urban 

citizen not wishing to reside away from the city centre. Besides having the 

function of sheltering, it also bears many structure groups such as 

shopping, entertainment, sports centre, office structures within its body. 

This social richness is at such a dimension that many mass housing 

settlements bear the quality of sub-cities. In these housings, all services 

including cleaning and dining services are met by professional building 

operators, and provision of a controlled and secure environment to the user 

comes to the agenda. Due to the transmitted life conditions, it is required 

for the housings to be designed in the form of studio type but their sizes 

vary between 70 m2 to 532 m2 (Fig.9) (Gorgulu, 2016: 175). Before the 

1980s, luxurious housings in Turkey belonged to the elite segment living 

in housings with a private design having gardens. Concurrently with the 

rise of the giant high-rise buildings, there was an interest in reviving the 

local character of the old cities and gated communities began to be 

widespread. Enterprises were selling these housings in the form of villa or 
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apartment as a neighbourhood relationship. Advertisements were 

introducing luxurious apartment flats being constructed with imported 

building materials and reflecting “modern lifestyle” and the big villas that 

were built as per international standards. Advertisement slogans were in 

the form of “high security” and “ultra-luxurious”. The most important 

feature of these new housing complexes being surrounded with security 

walls and being away from centres of many cities, urban complexity, and 

noise, was that they were seen as the symbol of modernization and status 

rise. 

 

 

Fig.9 Example of A Residence Flat Plan and Residences, Apartments and 

City Texture, Istanbul. 
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3.Conclusion 

Housing is a formation that reveals the protection needs of individuals 

and cultural, social, and economic aspects of communal life and which is 

an indicator of civilization. Sheltering is a widely seen problem in Turkey 

and developing countries. This problem does not have a qualitative or a 

quantitative aspect. Modernization efforts, migration, and irregular 

urbanization based on economic issues make it harder for the problem to 

be resolved. As a result of the modernization movement which effected the 

shaping of housings in the Ottoman State Period, starting from the second 

half of the 19th century, the traditional house model in plan type having 

sofa where the room constituted the core area of the house, as fitting to 

Turkish family structure, has transformed first into row house and then into 

apartment type of housing. In the first years following the establishment of 

Turkish Republic, this transformation was observed. The passage from 

multi-functional room to spaces with a single function, has generally 

revealed a standard plan type being comprised of 2-3 rooms and living 

space. In time starting from the 1950s Turkish population has undergone a 

dense urbanization process (Table-1). Rapid urbanization has inevitably 

caused for slums to appear around the city areas. The solution to problems 

relating to harmonization with urban living and a new lifestyle was seen to 

be rapid and cheap production of housings and hence, mass housing units 

have been built. Apartment blocks have been internalized with modernist 

discourse. Starting from the 2000s onward, luxurious housings were seen 

as the symbol of modern lifestyle.  

Table 1. Modernization and Change of Housing Form in Turkey 

Period Housing types Plan form 

Ottoman Period 

from the ending of 

19th century to the 

ending of 20th 

century  

Traditional Housing 

Type 

With sofa 

Row Houses Hall / Corridor 

Apartment Blocks Corridor 

 

 

Republican period 

(20th century-

nowadays) 

 

 

 

Row houses Hall/corridor 

Apartment Blocks Corridor 

Slum Simple spatial 

organization 

Collective Housing 

(Apartment Blocks and 

garden housing) 

Corridor 

Luxury Houses 

(Residence, Garden 

Housing 

Corridor 
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The modernization phenomenon has planned modernizing housing and 

city. The modernization phenomenon has caused foreign housing 

structures to emerge as being away from traditional living and being 

foreign to the requirements of the Turkish family structure. The quarter has 

turned into a place of collective housing or gated communities. Under these 

conditions, the housing environment has constituted major housing 

typologies of the modernization period in Turkey in the form of row 

houses, apartments, slums, collective housings, and luxurious housings. 

However, the housing type that was adopted by low, middle, and high-

income groups of the community during this process was mainly related 

with apartments. Apartment blocks have been adopted by society as the 

expression of modernization. Even the slums have been transformed into 

apartments in time. While mass housings were built in the form of 

apartment blocks, especially the high-income segment of the community 

have begun to prefer closed housing settlements resembling traditional 

settlement form, again. As a conclusion, the housing phenomenon in 

Turkey concerning modernization is a status-identity symbol having 

passage from sofa to the corridor, from multi-functional room to single 

function room, and from low floor housings to multi-floor/luxurious 

housings, both with regards to spatial and perceptual aspects (Table-1). 
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1. Introduction 

Tissue engineering (TE) is an interdisciplinary field that allows the 

production of functional tissues and organs by imitating natural biological 

materials. Currently, tissue engineering applications attract great interest 

by researchers due to important reasons such as donor failure, tissue/organ 

incompatibility, unsuccessful tissue/organ transplantation (Chandra, 

Soker, and Atala, 2020).  

There are many fabricating techniques to produce a fibrous scaffold 

surface like self-assembling (Yu, Bao, Shi, Yang, & Yang, 2017), freeze-

drying (Norouzi and Shamloo, 2019), phase separation (Biswas, Tran, 

Tallon, & O’Connor, 2017), solvent casting (Mao et al., 2018) and 3D 

printing (Jammalamadaka and Tappa, 2018). Although these methods 

achieve success in many criteria such as cell viability, cell adhesion, and 

proliferation as well as scaffold permeability, they have some limitations 

in terms of pore architecture and fiber diameter controllability (Rogina, 

2014). Electrospinning is a highly preferred, effective, and simple method 

that offers advanced and adjustable morphological properties  (Bhardwaj 

and Kundu, 2010). Thus, it is obvious that this technique meets the desired 

features of the biomedical areas, especially in tissue engineering 

applications.  

On the other hand, biomaterial selection has a crucial role in the design 

and production of medical applications since the long and short term 

mechanical properties, cell-cell and cell-matrix interactions, 

biocompatibility, biodegradability, toxicity, manufacturability, and the 

form of the final scaffold are related with the biomaterial used in fibrous 

web fabrication (Chesterman, Zhang, Ortiz, Goyal and Joachim, 2020; 

Suwantong, 2016). Biomaterials can be divided into two groups; natural 

polymers (collagen, fibrin, hyaluronan, chitosan, gelatin, elastin, keratin, 

silk, etc.) and synthetic polymers (poly (vinyl alcohol) (PVA), 
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polyglycolide (PGA), polylactide (PLA), polycaprolactone (PCL), 

polydioxanone (PDS), polyurethanes (PU), etc.) (Chesterman et al., 2020; 

Khang et al. 2006). Even though natural polymers have highly desirable 

biocompatibility, they suffer from limited mechanical properties.  PLA and 

PCL are food and drug administration (FDA) approved polymers that are 

mostly preferred in biomedical applications due to their biocompatibility 

and biodegradability (Herrero-Herrero, Gómez-Tejedor, and Vallés-Lluch 

2018). To highlight the strengths of both polymers, the PLA/PCL blend 

has been one of the prominent biomaterials in recent years. 

The properties of fibrous webs can be customized along with the 

production method and the material selections. Therefore, this review 

highlights the properties of PLA and PCL biopolymers, electrospinning 

theory, current studies on electrospinning of PLA/PCL blends, and 

potential applications, particularly in tissue engineering. 

2. Tissue-engineered scaffolds  

The purpose of tissue engineering is to create new tissues instead of 

damaged tissue by mimicking natural tissue/organ in many aspects such as 

structural, mechanical, and biological features. Moreover, tissue 

engineering is an interdisciplinary concept that combines the engineering 

principles and life sciences like biology and chemistry for the development 

of biological substitutes that rebuild, regenerate, and enhance the function 

of tissue (Langer and Vacanti, 1993; Parenteau, Sullivan and Brockbank, 

2008).  

Scaffold and cell are the main components of tissue engineering that are 

interconnected with each other. Extracellular matrix (ECM), which is one 

of the most essential components in the cell microenvironment that 

provides mechanical reinforcement to preserve tissue/organ structure, and 

affects cell behaviour in many aspects such as cell viability, migration, 

proliferation, and differentiation (Barthes et al., 2014; Yi, Ding, Gong and 

Gu, 2017). Therefore, a tissue-engineered scaffold should be a convenient 

structure that imitates the regulatory role of the natural ECM and leads the 

way in tissue regeneration (Luo, 2020). On the other hand, there are 

morphological features that a scaffold should possess, such as high surface 

to volume ratio (Adhikari, Tucker, and Thomas, 2019), adequate pore 

architecture and porosity (Loh and Choong, 2013), optimum fiber diameter 

at nano/micro scale and desired fiber orientation (Li et al., 2018).  Also, 

pore size and fiber diameter have a proportional relationship; pore size 

increases as the fiber diameter increases (Han et al., 2019). Pore size is an 

essential parameter as it affects mass transfer such as water and nutrient 

diffusion into the scaffold, also assists cell behaviours like cell 

impregnation, viability, and proliferation (Luo, 2020). In addition to the 

importance of the biological and morphological properties of tissue-
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engineered scaffolds, the mechanical features of the scaffolds are also 

undeniably important. While numerous tissues, including the cardiac 

muscle, heart valves, and blood vessels have distinctly elastomeric 

properties, tensile modulus and strength are of vital significance for 

tendons and ligaments (Ma, 2008). Moreover, there are many application 

areas which are developing day by day such as breast (Donnely, Griffin, 

and Butler, 2020), blood vessels (Yalcin et al., 2016), heart valves (Hasan 

et al., 2018), artificial liver (Semnani et al., 2017), bone and cartilage 

reconstruction (Hassanajili, Karami-Pour, Oryan and Talaei-Khozani, 

2019; Nava, Draghi, Giordano and Pietrabissa, 2016), nervous system 

(Haddad et al., 2016), corneal degeneration (Ghezzi, Rnjak-Kovacina, and 

Kaplan, 2015), dental applications (Mohandesnezhad et al., 2020), urinary 

bladder (Ajalloueian, Lemon, Hilborn, Chronakis and Fossum, 2018), and 

skin regeneration (Chua et al., 2016).  

3. Overview of PLA and PCL polymers 

3.1. Polylactic acid (PLA) 

PLA is an aliphatic polyester that is biocompatible, bioabsorbable, and 

biodegradable biomaterial (Lasprilla, Martinez, Lunelli, Jardini and 

Maciel, 2012).  Although ultimate safety in PLA-based scaffolds depends 

on the solvent system to be created for surface formation, PLA is degraded 

by hydrolysis of ester bonds, and there is no toxicity during degradation. 

On the other hand, PLA has good mechanical strength, but it is a highly 

brittle polymer due to its low elongation at break. Despite it is very 

attractive for tissue engineering applications owing to its superior 

biocompatibility, biodegradability, non-toxicity, and sufficient mechanical 

features, the stiffness of the polymer limits its utilization (Murariu and 

Dubois, 2016; Pawar, Tekale, Shisodia, Totre and Domb, 2014). As a 

result, PLA is frequently blended with other polymers to improve the 

thermomechanical properties of both itself and the polymer it is used with. 

(Saini, Arora and Kumar, 2016). The physicochemical properties of PLA 

can be seen in Table 1 (Nampoothiri, Nair, and John, 2010, Table 2; Saini 

et al., 2016, Table 1). 

Table 1 Physicochemical properties of PLA 

Physiochemical 

Properties of PLA 
 

Chemical Formula 

CH3

OH

OH

O  

Solubility 
Soluble in chloroform, methylene chloride, 

dioxane, acetonitrile, 1,1,2-trichloroethane, 
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dichloroacetic acid, toluene, acetone, 

ethylbenzene at room temperature, and soluble 

in tetrahydrofuran (THF) only when heated to 

boiling point. Insoluble in water but it can 

dissolve in selective alcohols and alkanes. 

Crystallinity 
Semicrystalline (PDLA); 0-37% (PLLA); 

Amorphous (PDLLA) 

Density 1.25 g/cm3 

Glass Transition Temperature, Tg                 50-64 °C 

Melting Point, Tm 145-186 °C 

Tensile Strength  28-50 MPa  

Young’s Modulus 1.2-3 GPa 

Elongation at Break 2-6% 

3.2. Poly (Ɛ-caprolactone) (PCL) 

PCL is an aliphatic, non-toxic, biocompatible, and biodegradable 

hydrophobic polyester, also it is convenient for recellularization thanks to 

its slow-degradation rate (Valderrama-Treviño et al., 2019; Yalcin et al., 

2016). Depending on the structural properties such as crystallinity level 

and molecular weight, it can take months to years for PCL to degrade. 

While this is suitable for some tissue engineering applications, it imposes 

limitations for applications such as bone tissue regeneration (Mondal, 

Griffith, and Venkatraman, 2016). For this reason, PCL can be used alone 

or blended with different polymers in some applications. On the other 

hand, such features like excellent biocompatibility, mechanical strength 

and stability, non-cytotoxicity, and flexibility make PCL attractive 

biomaterial to be used in several tissue engineering applications (Siddiqui, 

Asawa, Birru, Baadhe, & Rao, 2018). The physicochemical properties of 

PCL can be seen in Table 2  ( Mondal et al., 2016, Table 1). 

Table 2 Physiochemical properties of PCL 

Physiochemical Properties of 

PCL 

 

Chemical Formula OH

O

OH

 
Solubility Highly soluble in benzene, chloroform, 

DCM, and toluene at room temperature. 

Slightly soluble in acetone, 2-butanone, 

DMF and acetonitrile. Insoluble in water, 

alcohol, diethyl ether. 

Density 1.1 g/cm3 

Crystallinity 67% 
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Glass Transition Temperature, Tg -65 to -60 °C 

Melting Point, Tm 65°C 

Tensile Strength  14 MPa 

Young’s Modulus 190 MPa 

Elongation at Break >500% 

4. Electrospinning method 

4.1. The working principle 

Electrospinning is an efficient method that encourages the innovation 

for manufacturing uniform and advanced fibers by using electric force. The 

main components of the electrospinning system are the feed pump, high 

voltage power supply, collector, and syringe (needle tip) as shown in 

Figure 1. The working principle of the electrospinning method is based on 

the theory of exceeding the surface tension of the polymer solution and 

creating a jet by applying high voltage. The electric field generated 

between the tip and the collector causes the viscoelastic polymer solution 

transforming from spherical to conical shape (Taylor cone) to be repelled 

with a certain surface charge. When the electrostatic repulsive forces in the 

polymer solution exceed the surface tension of the polymer, the charged 

jet begins to detach from the Taylor cone and moves uniaxially from the 

electric field towards the grounded collector. Simultaneously, with the 

rapid spread of the jet, the solvents in the polymer solution evaporate and 

fibers in nano/micrometre sizes begin to form. These formed fibers are 

collected on the collecting surface and provide surface formation 

(Asmatulu and Khan, 2018). 

The electrospinning technique is generally governed by parameters 

such as solution, production, and ambient factors. Each of these parameters 

significantly affects the morphology of the fiber obtained, and the desired 

fiber morphology can be achieved by adjusting these parameters properly 

(Long et al., 2018) 

 

Fig. 1 Components of electrospinning unit (The image is created by the 

authors) 
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4.2. Electrospinning parameters  

4.2.1 Solution Parameters 

Solution properties such as concentration, molecular weight, viscosity, 

surface tension, and conductivity are the main parameters affecting fiber 

morphology. 

Concentration 

A minimum concentration of the solution is needed in the 

electrospinning enabling fiber formation to proceed. This solution 

concentration should be adjusted to an optimum value according to the 

properties of the materials used; otherwise, proper conditions will not be 

achieved and fiber formation cannot be obtained according to the desired 

properties (Bhardwaj and Kundu, 2010). Studies in the literature show that 

very low solution concentration causes bead formation instead of fiber 

formation, whereas very high solution concentration prevents continuous 

fiber formation by causing difficulty in polymer flow from the nozzle 

(Ahmed, Lalia, and Hashaikeh, 2015). Moreover, concentration and fiber 

diameter are directly proportional, and the fiber diameter decreases as 

concentration decreases (Costa, Bretas, and Gregorio, 2010).  

Molecular Weight and Viscosity 

Molecular weight is one of the aspects that play an important role in the 

production of high strength and high fiber orientation while having a 

significant impact on rheological and electrical properties such as 

viscosity, surface tension, conductivity, and dielectric strength. Increased 

molecular weight can effectively reduce the defects in the molecular chain 

ends and enhance molecular strength. Moreover, the molecular weight of 

the polymer represents the number of entangled polymer chains in a 

solution, and hence the viscosity of the solution (Bhardwaj and Kundu, 

2010; Gupta and Kothari, 1997). Viscosity plays an important role in the 

determination of fiber diameter and morphology during the electrospinning 

process. The effect of viscosity occurs in the same way as concentration; 

while low viscosity causes droplet formation, with increasing viscosity, 

uniform and beadless fibers can be obtained. On the other hand, in cases 

where the viscosity is too high, the polymer solution dries at the needle tip 

before the jet formation starts and fiber formation cannot be achieved 

(Pham, Sharma, and Mikos, 2006). 

Surface Tension 

To produce a fibrous web with an electrospinning technique, the 

polymer solution loaded with the effect of the electric field in the first place 

is expected to exceed the surface tension and form a jet, so surface tension 
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is an important parameter. A solution with a very high surface tension 

cannot form fibers. However, the surface tension can be adjusted by 

changing the material used or adding surfactants to the solution (Rogina, 

2014). 

Conductivity (Surface charge density)  

Since the electrospinning process is a system working with the effect of 

the electric field, the electrical conductivity of the solution that will provide 

the fiber formation has an important effect on the stable operation of the 

system. As experimental studies in the literature show, it is possible to 

obtain uniform and thin fibers with increased electrical conductivity (Tan, 

Inai, Kotaki and Ramakrishna, 2005; Uyar and Besenbacher, 2008). 

4.2.2 Production parameters 

In addition to the solution parameters, production parameters mainly as 

voltage, feed rate, and tip to collector distance significantly affect the 

structure of the final fibrous web. 

Voltage 

The electric charge that triggers fiber formation from the polymer 

solution is directly related to the applied voltage. For this reason, adjusting 

the voltage is an important parameter that directly affects fiber production 

(Khajavi and Abbasipour, 2017). The increasing voltage will increase 

electrical efficiency, resulting in polymer build-up at the nozzle; depending 

on the viscosity and feed rate of the polymer, this may cause an advantage 

or disadvantage. For this reason, the voltage setting should be considered 

together with these parameters (Subbiah, Bhat, Tock, Parameswaran and 

Ramkumar, 2005). Further, applied voltage affects fiber diameter. In some 

studies, due to the increasing potential difference, the solution comes to the 

collector with increasing acceleration and causes a larger fiber diameter 

(Bakar, Fonk, Eleyas and Nazeri, 2018; Deitzel, Kleinmeyer, Harris and 

Tan, 2001).  

Feed Rate 

Voltage and feed rate are interrelated production parameters, and as the 

voltage, the feed rate is a parameter that must be adjusted according to the 

components of the solution. However, the slow feed rate is generally a 

preferred option to allow the polymer solution to evaporate and form a jet 

(Bhardwaj and Kundu, 2010). At very fast feed rates, the solution will 

reach the collector without evaporation and production will result in 

pilling, wet fiber, or thick fiber formation (Khan and Kafiaha 2016; 

Rasouli, Pirsalami, and Zebarjad, 2019). 
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Tip to Collector Distance 

The tip to collector distance can be optimized considering the voltage 

and feed rate parameters. A minimum distance from the tip to the collector 

is required to give the fibers sufficient time to dry before reaching the 

collector, otherwise, fiber irregularity or thicker fibers may occur at very 

close or far distances (Angel, Guo, Yan, Wang and Kong, 2020; Khan and 

Kafiaha, 2016). 

4.2.3 Ambient parameters 

Environmental factors affecting fiber morphology can be determined 

mainly as ambient temperature and humidity. The effects of these factors 

on different polymer solutions differ, so although it is known that they 

affect fiber morphology, it is not correct to make a definite judgment 

(Haider A., Haider S., and Kang, 2018). Current studies have shown that 

relative humidity especially defines the structural porosity. According to 

the outcomes of these studies, the pores in the fiber structure appear with 

increasing moisture due to the breath figure mechanism (Medeiros, 

Mattoso, Offeman, Wood and Orts, 2008; Megelski, Stephen, Chase and 

Rabolt, 2002). In many studies in the literature, it is seen that porous fibers 

are produced by electrospinning many polymers such as PLA in a humid 

environment with the effect of the breath figure mechanism (Huang and 

Thomas, 2018). On the other hand, higher temperature allows a higher rate 

of vaporization of the solvent and decreases the viscosity of the polymer 

solution; hence, thinner fibers can be obtained (İçoğlu and Oğulata, 2017). 

4.3. Current studies on electrospinning of PLA/PCL blends 

Studies using PLA (Abudula et al., 2019; Grémare et al., 2018; Haddad 

et al., 2016; Leyva-Verduzco et al., 2019) or PCL  (Enis, Vojtech, and 

Sadikoglu, 2017; Ko, Choi, Jung and Kim, 2015; Metwally et al., 2019; 

Sharif et al., 2018; Wu et al., 2018) polymers alone are quite common in 

the literature, but the number of articles on blends of these polymers is 

limited. On the other hand, the use of PLA/PCL blends as raw materials in 

tissue engineering applications has gained the attention of researchers in 

recent years. In this context, researchers have started to work on the 

production and solution parameters of PLA/PCL blends based on their use 

in tissue engineering applications. Under this title, studies in which 

PLA/PCL blends are used have been reviewed in detail. 

In a study of Lu et al. (2016), fibrous webs electrospun from PLA/PCL 

blends were produced and optimized for potential tissue engineering 

applications. The solutions at 8, 10, and 12% concentrations for 

electrospinning application are prepared using 

dimethylformamide:dichloromethane (DMF:DCM) solvent systems at 

90:10, 80:20, 70:30 & 60:40 ratios, and PLA/PCL at 90/10, 80/20, 70/30, 
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60/40 & 50/50 blend ratios. According to the results, the optimum solvent 

ratio is 80:20 (DMF:DCM); polymer blend ratio is 70/30 (PLA/PCL) and 

polymer concentration is 8%. Besides, optimum production parameters are 

defined as 12 kV voltage, 15 cm needle-collector tip distance, and 0.6 ml/h 

feed rate. Morphological and mechanical test results indicate that 

PLA/PCL blend membranes have lower fiber diameter, lower crystallinity, 

and reduced contact angle compared to pure PLA and PCL polymers which 

improve biocompatibility and cell activities. In light of these findings, it is 

concluded that the PLA/PCL membrane can be a potential material for 

tissue engineering applications. Haroosh et al. (2010) studied the effect of 

PLA/PCL ratio and solvent type on the electrospinnability of PLA/PCL 

blends. 15% PCL and 8% PLA are dissolved in various solvent systems 

that are DCM:DMF (3:1), chloroform:methanol (2:1), and 

chloroform:acetone (2:1). Moreover, PLA/PCL blend ratios are 1/0, 3/1, 

and 1/1. The production parameters are adjusted as 25-28 kV voltage, 2 

ml/h feed rate, and 13-15 cm distance between needle and collector. In the 

results, it is observed that the solution viscosity decreases with increasing 

PCL in the solution. This may be due to the lower molecular weight of PCL 

than PLA. Besides, when DCM:DMF is used as a solvent system for 

PLA/PCL (1/0), smooth and homogeneously distributed fibers with a 

diameter of 450nm is achieved, and this value increases to 490 nm for 

PLA/PCL (3/1). Although fibers with a diameter of 250 nm are obtained 

for PLA/PCL (1/1), bead formations are observed. This means that the 

fiber diameter can be decreased by lowering the solution viscosity but this 

may result in nonhomogeneous fiber distribution leading undesired bead 

formations. Moreover, as the PCL content increases, the fiber diameter 

decreases, but smooth fibers cannot be seen in the structure and beaded 

structures are observed in cases where chloroform:methanol (510±25 nm 

for 1/0 ratio, and 325±40 nm for 3/1 ratio) and chloroform:acetone (570±30 

nm for 1/0 ratio, and 375±45 nm for 3/1 ratio) solvent systems are used. 

Also, no fiber formation is obtained for PLA/PCL (1/1). DCM:DMF has 

been determined as the most effective solvent system since it increases the 

solution conductivity compared to other solvent systems and allows the 

production of thinner fibers. Similarly, Herrero et. al. (2018) produced 

electrospun PLA, PCL, and PLA/PCL webs and examined the influences 

of main electrospinning parameters on the final structure. 50% w/w 

PLA/PCL blend is dissolved in chloroform:methanol and DCM:DMF 

solvent systems at different ratios (66:33% to 80:20% v/v) and the polymer 

concentration varies between 5-23% w/v. The production parameters are 

set to 20-25 kV voltage, 2ml/h feed rate, and 13-15 cm tip to collector 

distance.  It is determined by the SEM analysis that the polymer 

concentration for each sample (5-8% for PLA, 8-10% for PCL, and 10-

15% for PLA/ PCL) is the most effective electrospinning parameter on 

fiber morphology. As the polymer concentration increases, the fiber 
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diameter increases since beady structures appear at low polymer 

concentrations. On the other hand, the effect of solvent type is also 

noticeable. Using DCM:DMF solvent system results in beady structure 

while continuous fibers are produced when chloroform:methanol solvent 

system for PLA/PCL at 8% concentration. On the other hand, while using 

12% polymer concentration and DCM:DMF (75:25) solvent system (at 2 

ml/h feed rate, 15cm type-collector distance, and  25 kV voltage) under-

micron level fibers are obtained; when the polymer concentration is 

increased to 20% and the voltage is decreased to 20 kV above-micron level 

fibers are produced. Thus, it can be said that in addition to the polymer 

concentration and solvent type, the voltage also affects the fiber diameter. 

Yao et al. (2017) designed a suitable PCL/PLA (at 4:1 mass ratio) 

electrospun fibrous scaffold for in-vitro osteogenetic differentiation and in-

vivo bone formation. They also produced neat PCL fibrous webs (at 8% 

concentration based on the preliminary study) to compare them with 

PLA/PCL webs. To produce electrospun webs PLA/PCL solutions are 

prepared at 7, 8, 9, and 10% concentrations.  The beaded fibers are obtained 

at 7% concentration, and the fiber diameters range is 120-900 nm. Unlike 

surfaces at 7% concentration, bead-free structures are produced at 8, 9, and 

10% concentrations, and fiber diameters are measured as 250nm-1µm, 400 

nm-1.5 µm, and 500 nm-2 µm, respectively, since the concentration 

increases and the fiber diameter increases. The solution concentration at 

8% is determined as the most optimal one, and this concentration is 

preferred for the production of PLA/PCL blend nanofiber. The feed rate 

and applied voltage are set to 3 ml/h and 13 kV for PCL solution, 

respectively; whereas 1.5 ml/h and 15 kV are used for PCL/PLA blend 

solution. When PCL 3D scaffolds are compared with PCL/PLA 3D 

scaffolds it is observed that PCL/PLA 3D scaffolds have higher 

mechanical features with enhanced biological properties that enable 

mechanical support to cell growth, encourage cell activities, hMSCs 

osteogenic differentiation in-vitro, cranial bone formation in-vivo. 

Besides optimization of the main electrospinning parameters for 

PCL/PLA blends and studying the effects of these parameters on fiber 

morphology, some studies mostly focus on the blend ratio of PCL/PLA 

blends and its effects on the morphological, structural, biological and 

mechanical properties of the final fibrous webs. For instance, Xu et al. 

(2018) conducted a study on the electrospinning of PCL/PLA blends and 

the parameters that affect the osteogenetic differentiation of human 

mesenchymal stem cells (hMSCs). In this study, PCL/PLA blends (100/0, 

60/40, and 20/80 wt.) with polymer concentrations of 8%, 12%, and 14%, 

respectively, dissolved in DCM:DMF (2:1 w/w) solvent system. The 

voltage (13 kV) and the feed rate (2-3 ml/h) are kept constant for all 

samples. Porous structures are obtained with interconnected and 
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hierarchically ordered pores that range from sub-microns to 300 μm in size. 

This pore size diversity is a desirable property in terms of cell activities, 

for instance, large pores provide structural stability, cell proliferation, 

ECM deposition, and tissue formation, while small pores provide activities 

such as seeding and gene expression. Due to the highest porosity (99.0%) 

thus lowest density (12.6 mg/cm3), the PCL/PLA (20/80) sample has the 

highest absorption capacity among the three sample types. Moreover, it can 

be said that the bending strength of all three scaffolds is suitable, thanks to 

the hierarchical pore arrangement and nanofiber connections. Moreover, 

as the PLA in the structure increases, the modulus/stiffness ratio increases, 

and 40% PLA is defined as the minimum value. Alkaline phosphatase 

(ALP) activity, calcium content, and gene expression level increase too, 

possibly due to greater stiffness and bioactivity of PLA. Consequently, 

considering all the properties and cell activities, it is concluded that 

PCL/PLA (20/80) is the most suitable nanofibrous web for osteogenic 

differentiation of hMSCs. Sharma et al. (2019) investigated the 

performance of PLA/PCL fibrous webs with different polymer 

compositions that designated PLAF (100/0), PPF-50 (50/50), PPF-60 

(60/40), PPF-70 (70/30), PPF-80 (80/20), PPF-90 (90/10) and PCLF 

(0/100). The PLA/PCL blends are prepared in chloroform:DMF (4:1, v/v) 

solution system at 10% polymer concentration. The electrospinning 

parameters (tip-collector distance is 15cm, the feed rate is 1ml/h and the 

voltage is 20 kV) are kept constant for all surfaces. The average fiber 

diameter increases with the increase in PLA content (PPF-70, PPF-80, and 

PPF-90) owing to the high molecular weight and modulus of PLA. 

Similarly, the crystallinity ratio increases from 16.1% to 21.5% with the 

increase of PLA content in the structure. Moreover, the mechanical 

analysis shows that the tensile strength increases between PPF-50 and PPF-

80 but a decrease is observed for PPF-90. This can be explained by the 

reduced ductility of increased PLA content. On the other hand, although 

all samples are hydrophobic, it can be said that the PLA in the web content 

reduces the contact surface angle and thus hydrophobicity. Sankaran et al. 

(2014) conducted a study indicating the development of 3D tubular 

nanofibrous scaffolds produced from PLA/PCL blends at two different 

blend weight ratios; 75/25 and 25/75. 15% of polymer concentration is 

used and chloroform:DMF (7:3) solvent system is preferred. 0.003ml/min 

feed rate and 10cm type collector distance are kept constant as production 

parameters while voltage is varied due to the blend ratio (14 kV for 25/75 

and 16 kV for 75/25). The PLA/PCL (75/25) and PLA/PCL (25/75) fiber 

diameters are measured as 380±95 nm and 429±98 nm, respectively. 

Physicochemical analyses results show that the samples have hydrophobic 

structures, which is a limitation for cell adhesion, and the relative contact 

angles for 75:25 and 25:75 blend ratios are 97±1.5° and 87±2°, 

respectively. While PLA/PCL (75/25) has 23.72±2.51 µm pore size and 
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19.4±4.19% porosity, PLA/PCL (25/75) has 9.71±3.37µm pore size and 

20.8±4.4% porosity in the structure. Also, the PLA/PCL (75/25) scaffold 

shows superior cell viability compared to tissue culture polystyrene 

(TCPS), but after day 7, when human umbilical vascular endothelial cells 

proliferated, it is slightly lower than PLA/PCL (25/75). This can be 

explained by the improved flexibility of the PLA/PCL (25/75) scaffold due 

to its PCL content. In summary, the PLA/PCL (25/75) based scaffold is 

thought to be a potential vascular graft for cardiovascular applications. 

Although PCL and PLA are polymers preferred stand-alone in many 

studies, their blended usage has become favoured due to their superior 

tensile strength, high pore size, biocompatibility, and biodegradability 

properties. As can be deduced from the studies detailed above, there are 

advantages to using at least 25% and even more than 40% PLA in 

PLA/PCL blends. The PLA/PCL blend ratio should be adjusted according 

to the properties expected from the end-use. 

Some studies also highlight the advantages of using electrospun 

PLA/PCL webs for tissue-engineered scaffolds in heart valves, dental 

applications, tendons, muscles, skins, nerves, and vascular grafts. In a 

study of Hasan et al. (2018), a potential tri-leaflet heart valve structure was 

produced via the electrospinning method using PCL/PLLA blends. In the 

preliminary part of this study, the different PCL/PLLA ratios (0/100, 

10/90, 30/70, 50/50, 70/30, 90/30, 100/0) are used, and results indicate that 

the cell viability tends to increase up to 70% PLA content but afterward, it 

falls. Therefore, a polymer ratio of 30/70 is preferred for later analysis. The 

experiment is carried out using a 10% polymer concentration for 

PCL:PLLA (30/70) solution at 15 kV voltage, 6ml/h feed rate, and 20 cm 

needle tip and collector distance. Humidity and temperature are kept 

constant at 30% and 23°C, respectively. As a result, fibers with 2.3 ± 0.21 

μm diameter, 0.25-2.5 MPa elastic modulus, 20-110 MPa tensile strength, 

and 40-110% strain values are obtained. No toxic effects are observed and 

cell activity and proliferation occur efficiently. As a result, it has been 

observed that the PCL/PLLA heart valve preserves the mechanical 

properties of PCL and the biological properties of PLA and constitutes an 

alternative to bioprosthetic and mechanical heart valves. In a study of 

Mohandesnezhad et al. (2020) to produce a scaffold for dental tissue 

engineering applications, PLA/PCL polymers (at 1/4 molar ratio) are 

dissolved in DCM/Methanol (4/1 v/v ratio) solvent system, and solutions 

are prepared with 15% polymer concentration. Hydroxyapatite (HA) and 

zeolite are added to the solutions one by one or together, and fibrous 

scaffolds are produced by the electrospinning method. During 

electrospinning, 20-25 kV voltage, 15 cm tip-collector distance, 2 ml/h 

feed rate are set as production parameters, and the ambient temperature is 

kept constant at 25°C. According to the Fourier Transform Infrared Spectra 
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(FTIR) analysis, the characteristic peaks of the PLA, PCL, nHA, and 

Zeolite can be seen in the FTIR spectra of PCL/PLA/nHA/Zeolite so, it can 

be said that homogenous chemical structure is formed. When the contact 

angle analysis is examined, it can be seen that the PLA/PCL blend has the 

highest contact angle (125.5°) thus shows the highest hydrophobicity. 

However, it can be said that the contact angle is slightly reduced with the 

addition of nHA and Zeolite (108°) which results in an improvement in cell 

viability. Dong et al. (2019) designed a three dimensional PLA/PCL 

anisotropic scaffold which composed of oriented microfibers and 

randomly distributed nanofibers, also a randomly distributed nanofibrous 

scaffold is produced by common electrospinning method to compare with 

the nano/micro hybrid structure. The solution is prepared with PLA/PCL 

(1/1) blend and DCM:DMF (v/v, 7:3) solvent system at 10% polymer 

concentration. The applied voltage is 20 kV and the feed rate is 0.8 ml/h. 

The anisotropic hybrid structure consists of 40.83±15.40 µm diameter 

microfibers and 871±177nm diameter nanofibers together, while the 

randomly distributed nanoweb consists of 869±90 nm diameter nanofibers. 

Moreover, the average pore size and porosity which are essential for the 

cell proliferation of hybrid structure (907.67±315.64 µm2, 91.89±3.48%) 

are higher than the nanofibrous scaffold structure (263.42±89.51 µm2, 

83.4±1.79%). As a result of the mechanical analysis, it is concluded that 

the hybrid structure is more resistant to loads in different directions and its 

tensile strength is higher due to its anisotropic structure. On the other hand, 

the elongation at break values of the two structures are similar. These 

results show that the PLA/PCL nano/micro hybrid structure can be a 

suitable scaffold structure for anisotropic tissues such as tendons, muscles, 

skins, and nerves. Liu et al. (2017) designed a bio-inspired high strength 

three-layer nanofibrous vascular graft (3LVG) from electrospun PLA/PCL 

blends. The inner layer is produced from PLA/PCL blend (3/7 w/w) 

nanofibers for enhanced cell compatibility thus fast endothelization. The 

middle layer consists of PU/PCL (3/1 w/w) nanofibers to support adequate 

strength and elasticity. The outer layer is again produced from PLA/PCL 

(3/7 w/w) blend but with radially aligned nanofibers which allow the 

growth of smooth muscle cells circumferentially. SEM analysis images in 

the research show that a securely attached three-layer structure is achieved 

without delamination problem. Using different cell types, the cell 

attachment and proliferation analyses are realized and results indicate that 

both inner and outer layers have good cell proliferation at the end of the 7 

days. Also, the 3LVG has sufficient mechanical properties like 63.40 MPa 

and an elongation at break of 266.78% in the longitudinal direction, and 

52.34 MPa, and 319.72% in the lateral direction. With the promising 

mechanical properties and good cell viability in each layer, the 3LVG can 

be a potential vascular graft.  
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5. Conclusion  

Thanks to the unique and controllable features of the electrospun 

fibrous webs including nano/micro-scaled fibers, high surface area, 

adjustable pore shape and size, and high porosity, they have been used in 

various tissue engineering applications. In addition to the advanced 

singular properties of PLA and PCL biopolymers, it is seen in many studies 

that the PLA/PCL blend combines the superior properties of these two 

polymers. While PLA has low elongation at break and low toughness at 

fracture causing high stiffness and brittleness in the structure, the blend of 

PLA with PCL is more developed in terms of these properties. Moreover, 

PLA has a fast degradation rate while PCL has a slow degradation rate of 

up to 3 years. PLA/PCL blend offers adjustability in degradation rate 

according to the end-use area. On the other hand, in addition to the superior 

biocompatibility and biodegradability of both polymers, the blending of 

PLA and PCL in the same solvents, as seen in the literature, provides 

convenience in terms of manufacturability. This indicates that the 

PLA/PCL blend can be a potential material in tissue engineering 

applications. 

REFERENCES 

Abudula, T., Saeed, U., Memic, A., Gauthaman, K., Hussain, M. A., & Al-

Turaif, H. (2019). Electrospun cellulose Nano fibril reinforced 

PLA/PBS composite scaffold for vascular tissue engineering. Journal 

of Polymer Research, 26(5). https://doi.org/10.1007/s10965-019-1772-

y 

Adhikari, K. R., Tucker, B. S., & Thomas, V. (2019). Tissue engineering 

of small-diameter vascular grafts. Biointegration of Medical Implant 

Materials, 1957, 79–100. https://doi.org/10.1016/B978-0-08-102680-

9.00004-4 

Ahmed, F. E., Lalia, B. S., & Hashaikeh, R. (2015). A review on 

electrospinning for membrane fabrication: Challenges and applications. 

Desalination, 356, 15–30. https://doi.org/10.1016/j.desal.2014.09.033 

Ajalloueian, F., Lemon, G., Hilborn, J., Chronakis, I. S., & Fossum, M. 

(2018). Bladder biomechanics and the use of scaffolds for regenerative 

medicine in the urinary bladder. Nature Reviews Urology, 15(3), 155–

174. https://doi.org/10.1038/nrurol.2018.5 

Angel, N., Guo, L., Yan, F., Wang, H., & Kong, L. (2020). Effect of 

processing parameters on the electrospinning of cellulose acetate 

studied by response surface methodology. Journal of Agriculture and 

Food Research, 2(November 2019), 100015. 

https://doi.org/10.1016/j.jafr.2019.100015 

226



 
 

Asmatulu, R., & Khan, W. S. (Eds.). (2018). Synthesis and Applications of 

Electrospun Nanofibers. Elsevier. https://doi.org/10.1016/b978-0-12-

813914-1.00014-6 

Bakar, S. S. S., Fong, K. C., Eleyas, A., & Nazeri, M. F. M. (2018). Effect 

of Voltage and Flow Rate Electrospinning Parameters on 

Polyacrylonitrile Electrospun Fibers. IOP Conference Series: Materials 

Science and Engineering, 318(1). https://doi.org/10.1088/1757-

899X/318/1/012076 

Barthes, J., Özçelik, H., Hindié, M., Ndreu-Halili, A., Hasan, A., & Vrana, 

N. E. (2014). Cell Microenvironment Engineering and Monitoring for 

Tissue Engineering and Regenerative Medicine: The Recent Advances. 

BioMed Research International, 2014(i). 

https://doi.org/10.1155/2014/921905 

Bhardwaj, N., & Kundu, S. C. (2010). Electrospinning: A fascinating fiber 

fabrication technique. Biotechnology Advances, 28(3), 325–347. 

https://doi.org/10.1016/j.biotechadv.2010.01.004 

Biswas, D. P., Tran, P. A., Tallon, C., & O’Connor, A. J. (2017). 

Combining mechanical foaming and thermally induced phase 

separation to generate chitosan scaffolds for soft tissue engineering. 

Journal of Biomaterials Science, Polymer Edition, 28(2), 207–226. 

https://doi.org/10.1080/09205063.2016.1262164 

Chandra, P. K., Soker, S., & Atala, A. (2020). Tissue engineering: current 

status and future perspectives. In Principles of Tissue Engineering. 

INC. https://doi.org/10.1016/b978-0-12-818422-6.00004-6 

Chesterman, J., Zhang, Z., Ortiz, O., Goyal, R., & Kohn, J. (2020). 

Biodegradable polymers. In Supramolecular Design for Biological 

Applications. INC. https://doi.org/https://doi.org/10.1016/B978-0-12-

818422-6.00019-8 

Chua, A. W. C., Khoo, Y. C., Tan, B. K., Tan, K. C., Foo, C. L., & Chong, 

S. J. (2016). Skin tissue engineering advances in severe burns: review 

and therapeutic applications. Burns & Trauma, 4, 1–14. 

https://doi.org/10.1186/s41038-016-0027-y 

Costa, L. M. M., Bretas, R. E. S., & Gregorio, R. (2010). Effect of Solution 

Concentration on the Electrospray/Electrospinning Transition and on 

the Crystalline Phase of PVDF. Materials Sciences and Applications, 

01(04), 247–252. https://doi.org/10.4236/msa.2010.14036 

Deitzel, J. M., Kleinmeyer, J., Harris, D., & Beck Tan, N. C. (2001). The 

effect of processing variables on the morphology of electrospun. 

Polymer, 42, 261–272. 

227



 
 

Dong, X., Zhang, J., Pang, L., Chen, J., Qi, M., You, S., & Ren, N. (2019). 

An anisotropic three-dimensional electrospun micro/nanofibrous 

hybrid PLA/PCL scaffold. RSC Advances, 9(17), 9838–9844. 

https://doi.org/10.1039/C9RA00846B 

Donnely, E., Griffin, M., & Butler, P. E. (2020). Breast Reconstruction 

with a Tissue Engineering and Regenerative Medicine Approach 

(Systematic Review). Annals of Biomedical Engineering, 48(1), 9–25. 

https://doi.org/10.1007/s10439-019-02373-3 

Enis, I. Y., Vojtech, J., & Sadikoglu, T. G. (2017). Alternative solvent 

systems for polycaprolactone nanowebs via electrospinning. Journal of 

Industrial Textiles, 47(1), 57–70. 

https://doi.org/10.1177/1528083716634032 

Ghezzi, C. E., Rnjak-Kovacina, J., & Kaplan, D. L. (2015). Corneal Tissue 

Engineering: Recent Advances and Future Perspectives. Tissue 

Engineering - Part B: Reviews, 21(3), 278–287. 

https://doi.org/10.1089/ten.teb.2014.0397 

Grémare, A., Guduric, V., Bareille, R., Heroguez, V., Latour, S., 

L’heureux, N., … Le Nihouannen, D. (2018). Characterization of 

printed PLA scaffolds for bone tissue engineering. Journal of 

Biomedical Materials Research - Part A, 106(4), 887–894. 

https://doi.org/10.1002/jbm.a.36289 

Gupta, V. B., & Kothari, V. K. (1997). Manufactured Fibre Technology. 

In Manufactured Fibre Technology. https://doi.org/10.1007/978-94-

011-5854-1 

Haddad, T., Noel, S., Liberelle, B., El Ayoubi, R., Ajji, A., & De 

Crescenzo, G. (2016). Fabrication and surface modification of poly 

lactic acid (PLA) scaffolds with epidermal growth factor for neural 

tissue engineering. Biomatter, 6(1), e1231276. 

https://doi.org/10.1080/21592535.2016.1231276 

Haider, A., Haider, S., & Kang, I. K. (2018). A comprehensive review 

summarizing the effect of electrospinning parameters and potential 

applications of nanofibers in biomedical and biotechnology. Arabian 

Journal of Chemistry, 11(8), 1165–1188. 

https://doi.org/10.1016/j.arabjc.2015.11.015 

Han, D. G., Ahn, C. B., Lee, J. H., Hwang, Y., Kim, J. H., Park, K. Y., … 

Son, K. H. (2019). Optimization of electrospun poly(caprolactone) fiber 

diameter for vascular scaffolds to maximize smooth muscle cell 

infiltration and phenotype modulation. Polymers, 11(4). 

https://doi.org/10.3390/polym11040643 

Haroosh, H. J., Chaudhary, D. S., & Dong, Y. (2010). Electrospun 

228



 
 

PLA/PCL Fibers with Tubular Nanoclay: Morphological and Structural 

Analysis. Journal of Applied Polymer Science, 116(5), 3930–3939. 

https://doi.org/0.1002/app.35448 

Hasan, A., Soliman, S., El Hajj, F., Tseng, Y. T., Yalcin, H. C., & Marei, 

H. E. (2018). Fabrication and in Vitro Characterization of a Tissue 

Engineered PCL-PLLA Heart Valve. Scientific Reports, 8(1), 1–13. 

https://doi.org/10.1038/s41598-018-26452-y 

Hassanajili, S., Karami-Pour, A., Oryan, A., & Talaei-Khozani, T. (2019). 

Preparation and characterization of PLA/PCL/HA composite scaffolds 

using indirect 3D printing for bone tissue engineering. Materials 

Science and Engineering C, 104(March), 109960. 

https://doi.org/10.1016/j.msec.2019.109960 

Herrero-Herrero, M., Gómez-Tejedor, J. A., & Vallés-Lluch, A. (2018). 

PLA/PCL electrospun membranes of tailored fibres diameter as drug 

delivery systems. European Polymer Journal, 99(December 2017), 

445–455. https://doi.org/10.1016/j.eurpolymj.2017.12.045 

Huang, C., & Thomas, N. L. (2018). Fabricating porous poly(lactic acid) 

fibres via electrospinning. European Polymer Journal, 99(September 

2017), 464–476. https://doi.org/10.1016/j.eurpolymj.2017.12.025 

İçoğlu, H. İ., & Oğulata, R. T. (2017). Effect of Ambient Parameters On 

Morphology Of Electrospun Poly (trimethylene terephthalate (PTT) 

Fibers. Tekstil ve Konfeksiyon. 215–223. 

Jammalamadaka, U., & Tappa, K. (2018). Recent advances in biomaterials 

for 3D printing and tissue engineering. Journal of Functional 

Biomaterials, 9(1). https://doi.org/10.3390/jfb9010022 

Khajavi, R., & Abbasipour, M. (2017). Controlling nanofiber morphology 

by the electrospinning process. In Electrospun Nanofibers. Elsevier 

Ltd. https://doi.org/10.1016/B978-0-08-100907-9.00005-2 

Khan, Z., & Kafiaha, F. M. (2016). Preparation of polysulfone electrospun 

nanofibers : effect of electrospinning and solution parameters. 

Membrane Technology for Water and Wastewater Treatment, Energy 

and Environment, 2013(Mst), 309–318. 

https://doi.org/10.13140/RG.2.1.4289.9681 

Khang, G., Lee, S. J., Kim, M. S., & Lee, H. B. (2006). BIOMATERIALS : 

TISSUE-ENGINEERING AND SCAFFOLDS. John G. Webster, 

Encyclopedia of Medical Devices and Instrumentation (366–383) John 

Wiley & Sons, Inc. 

Ko, Y. M., Choi, D. Y., Jung, S. C., & Kim, B. H. (2015). Characteristics 

of plasma treated electrospun polycaprolactone (PCL) nanofiber 

229



 
 

scaffold for bone tissue engineering. Journal of Nanoscience and 

Nanotechnology, 15(1), 192–195. 

https://doi.org/10.1166/jnn.2015.8372 

Langer, R., & Vacanti, J. (1993). Tissue Engineering. Science, 260(5110), 

920–926. https://doi.org/10.1126/science.8493529 

Lasprilla, A. J. R., Martinez, G. A. R., Lunelli, B. H., Jardini, A. L., & 

Maciel, R. (2012). Poly-lactic acid synthesis for application in 

biomedical devices — A review. Biotechnology Advances, 30(1), 321–

328. https://doi.org/10.1016/j.biotechadv.2011.06.019 

Leyva-Verduzco, A. A., Castillo-Ortega, M. M., Chan-Chan, L. H., Silva-

Campa, E., Galaz-Méndez, R., Vera-Graziano, R., … Santos-Sauceda, 

I. (2019). Electrospun tubes based on PLA, gelatin and genipin in 

different arrangements for blood vessel tissue engineering. Polymer 

Bulletin, (0123456789). https://doi.org/10.1007/s00289-019-03057-7 

Li, X., Wang, X., Yao, D., Jiang, J., Guo, X., Gao, Y., … Shen, C. (2018). 

Effects of aligned and random fibers with different diameter on cell 

behaviors. Colloids and Surfaces B: Biointerfaces, 171(June), 461–467. 

https://doi.org/10.1016/j.colsurfb.2018.07.045 

Liu, K., Wang, N., Wang, W., Shi, L., Li, H., Guo, F., … Zhao, Y. (2017). 

A bio-inspired high strength three-layer nanofiber vascular graft with 

structure guided cell growth. Journal of Materials Chemistry B, 5(20), 

3758–3764. https://doi.org/10.1039/c7tb00465f 

Loh, Q. L., & Choong, C. (2013). Three-dimensional scaffolds for tissue 

engineering applications: Role of porosity and pore size. Tissue 

Engineering - Part B: Reviews, 19(6), 485–502. 

https://doi.org/10.1089/ten.teb.2012.0437 

Long, Y. Z., Yan, X., Wang, X. X., Zhang, J., & Yu, M. (2018). 

Electrospinning: The Setup and Procedure. In Electrospinning: 

Nanofabrication and Applications (pp. 21–52). Elsevier Inc. 

https://doi.org/10.1016/B978-0-323-51270-1.00002-9 

Lu, Y., Chen, Y., & Zhang, P. (2016). Preparation and Characterisation 

of Polylactic Acid ( PLA )/ Polycaprolactone ( PCL ) Composite 

Microfibre Membranes. 3(117), 17–25. 

https://doi.org/10.5604/12303666.1196607 

Luo, Y. (2020). Three-dimensional scaffolds. R. Lanza, R. Langer, J.P. 

Vacanti, A. Atala. In Principles of Tissue Engineering (s. 343-360) 

Elsevier Inc. https://doi.org/10.1016/b978-0-12-818422-6.00020-4 

 

Ma, P. X. (2008). Biomimetic materials for tissue engineering. Advanced 

230



 
 

Drug Delivery Reviews, 60(2), 184–198. 

https://doi.org/10.1016/j.addr.2007.08.041 

Mahapatro, A., & Singh, D. K. (2011). Biodegradable nanoparticles are 

excellent vehicle for site directed in-vivo delivery of drugs and 

vaccines. Journal of Nanobiotechnology, 9(1), 55. 

https://doi.org/10.1186/1477-3155-9-55 

Mao, D., Li, Q., Li, D., Chen, Y., Chen, X., & Xu, X. (2018). Fabrication 

of 3D porous poly(lactic acid)-based composite scaffolds with tunable 

biodegradation for bone tissue engineering. Materials and Design, 142, 

1–10. https://doi.org/10.1016/j.matdes.2018.01.016 

Medeiros, E. S., Mattoso, L. H. C., Offeman, R. D., Wood, D. F., & Orts, 

W. J. (2008). Effect of relative humidity on the morphology of 

electrospun polymer fibers. Canadian Journal of Chemistry, 86(6), 

590–599. https://doi.org/10.1139/V08-029 

Megelski, S., Stephens, J. S., Chase, D. B., & Rabolt, J. F. (2002). Micro- 

and Nanostructured Surface Morphology on Electrospun Polymer 

Fibers. 8456–8466. https://doi.org/10.1021/ma020444a 

Metwally, S., Karbowniczek, J. E., Szewczyk, P. K., Marzec, M. M., 

Gruszczyński, A., Bernasik, A., & Stachewicz, U. (2019). Single-Step 

Approach to Tailor Surface Chemistry and Potential on Electrospun 

PCL Fibers for Tissue Engineering Application. Advanced Materials 

Interfaces, 6(2), 1–12. https://doi.org/10.1002/admi.201801211 

Mohandesnezhad, S., Pilehvar-Soltanahmadi, Y., Alizadeh, E., Goodarzi, 

A., Davaran, S., Khatamian, M., Akbarzadeh, A. (2020). In vitro 

evaluation of Zeolite-nHA blended PCL/PLA nanofibers for dental 

tissue engineering. Materials Chemistry and Physics, 252(January), 

123152. https://doi.org/10.1016/j.matchemphys.2020.123152 

Mondal, D., Griffith, M., & Venkatraman, S. S. (2016). International 

Journal of Polymeric Materials and Polycaprolactone-based 

biomaterials for tissue engineering and drug delivery : Current scenario 

and challenges. GPOM, 65(5), 255–265. 

https://doi.org/10.1080/00914037.2015.1103241 

Murariu, M., & Dubois, P. (2016). PLA composites : From production to 

properties ☆. Advanced Drug Delivery Reviews, 107, 17–46. 

https://doi.org/10.1016/j.addr.2016.04.003 

Nampoothiri, K. M., Nair, N. R., & John, R. P. (2010). An overview of the 

recent developments in polylactide ( PLA ) research. Bioresource 

Technology, 101(22), 8493–8501. 

https://doi.org/10.1016/j.biortech.2010.05.092 

231



 
 

Nava, M. M., Draghi, L., Giordano, C., & Pietrabissa, R. (2016). The effect 

of scaffold pore size in cartilage tissue engineering. Journal of Applied 

Biomaterials and Functional Materials, 14(3), e223–e229. 

https://doi.org/10.5301/jabfm.5000302 

Norouzi, S. K., & Shamloo, A. (2019). Bilayered heparinized vascular 

graft fabricated by combining electrospinning and freeze drying 

methods. Materials Science and Engineering C, 94, 1067–1076. 

https://doi.org/10.1016/j.msec.2018.10.016 

Parenteau, N. L., Sullivan, S. J., Brockbank, K. G. M., & Young, J. H. 

(2008). Biotechnology Sector. In Julia Polak (Ed.), Advances in Tissue 

Engineering (pp. 469–490). 

Pawar, R. P., Tekale, S. U., Shisodia, S. U., Totre, J. T., & Domb, A. J. 

(2014). Biomedical Applications of Poly ( Lactic Acid ). 40–51. 

Pham, Q. P., Sharma, U., & Mikos, A. G. (2006). Electrospinning of 

Polymeric Nanofibers for Tissue Engineering Applications: A Review. 

Tissue Engineering, 12(5), 1197–1211. 

Rasouli, M., Pirsalami, S., & Zebarjad, S. M. (2019). Optimizing the 

electrospinning conditions of polysulfone membranes for water 

microfiltration applications. Polymer International, 68(9), 1610–1617. 

https://doi.org/10.1002/pi.5858 

Rogina, A. (2014). Electrospinning process: Versatile preparation method 

for biodegradable and natural polymers and biocomposite systems 

applied in tissue engineering and drug delivery. Applied Surface 

Science, 296, 221–230. https://doi.org/10.1016/j.apsusc.2014.01.098 

Saini, P., Arora, M., & Kumar, M. N. V. R. (2016). Poly(lactic acid) blends 

in biomedical applications. Advanced Drug Delivery Reviews, 107, 47–

59. https://doi.org/10.1016/j.addr.2016.06.014 

Sankaran, K. K., Krishnan, U. M., & Sethuraman, S. (2014). Axially 

aligned 3D nanofibrous grafts of PLA-PCL for small diameter 

cardiovascular applications. Journal of Biomaterials Science, Polymer 

Edition, 25(16), 1791–1812. 

https://doi.org/10.1080/09205063.2014.950505 

Semnani, D., Naghashzargar, E., Hadjianfar, M., Dehghan Manshadi, F., 

Mohammadi, S., Karbasi, S., & Effaty, F. (2017). Evaluation of 

PCL/chitosan electrospun nanofibers for liver tissue engineering. 

International Journal of Polymeric Materials and Polymeric 

Biomaterials, 66(3), 149–157. 

https://doi.org/10.1080/00914037.2016.1190931 

Sharif, S., Ai, J., Azami, M., Verdi, J., Atlasi, M. A., Shirian, S., & 

232



 
 

Samadikuchaksaraei, A. (2018). Collagen-coated nano-electrospun 

PCL seeded with human endometrial stem cells for skin tissue 

engineering applications. Journal of Biomedical Materials Research - 

Part B Applied Biomaterials, 106(4), 1578–1586. 

https://doi.org/10.1002/jbm.b.33966 

Sharma, D., & Satapathy, B. K. (2019). Performance evaluation of 

electrospun nanofibrous mats of polylactic acid (PLA)/poly (e-

caprolactone) (PCL) blends. Materials Today: Proceedings, 19, 188–

195. https://doi.org/10.1016/j.matpr.2019.06.698 

Siddiqui, N., Asawa, S., Birru, B., Baadhe, R., & Rao, S. (2018). PCL ‑ 

Based Composite Scaffold Matrices for Tissue Engineering 

Applications. Molecular Biotechnology, 60(7), 506–532. 

https://doi.org/10.1007/s12033-018-0084-5 

Subbiah, T., Bhat, G. S., Tock, R. W., Parameswaran, S., & Ramkumar, S. 

S. (2005). Electrospinning of nanofibers. Journal of Applied Polymer 

Science, 96(2), 557–569. https://doi.org/10.1002/app.21481 

Suwantong, O. (2016). Biomedical applications of electrospun 

polycaprolactone fiber mats. Polymers for Advanced Technologies, 

27(10), 1264–1273. https://doi.org/10.1002/pat.3876 

Tan, S. H., Inai, R., Kotaki, M., & Ramakrishna, S. (2005). Systematic 

parameter study for ultra-fine fiber fabrication via electrospinning 

process. Polymer, 46(16), 6128–6134. 

https://doi.org/10.1016/j.polymer.2005.05.068 

Uyar, T., & Besenbacher, F. (2008). Electrospinning of uniform 

polystyrene fibers: The effect of solvent conductivity. Polymer, 49(24), 

5336–5343. https://doi.org/10.1016/j.polymer.2008.09.025 

Valderrama-Treviño, A. I., Uriarte-Ruiz, K., Romero, J. J. G., Castell 

Rodriguez, A. E., Maciel-Cerda, A., Banegaz-Ruiz, R., & Barrera-

Mera, B. (2019). Tubular electrospun scaffolds tested in vivo for tissue 

engineering. International Journal of Research in Medical Sciences, 

7(2), 635. https://doi.org/10.18203/2320-6012.ijrms20190373 

Wu, Y., Qin, Y., Wang, Z., Wang, J., Zhang, C., Li, C., & Kong, D. (2018). 

The regeneration of macro-porous electrospun poly(ɛ-caprolactone) 

vascular graft during long-term in situ implantation. Journal of 

Biomedical Materials Research - Part B Applied Biomaterials, 106(4), 

1618–1627. https://doi.org/10.1002/jbm.b.33967 

Xu, T., Yao, Q., Miszuk, J. M., Sanyour, H. J., Hong, Z., Sun, H., & Fong, 

H. (2018). Tailoring weight ratio of PCL/PLA in electrospun three-

dimensional nanofibrous scaffolds and the effect on osteogenic 

differentiation of stem cells. Colloids and Surfaces B: Biointerfaces, 

233



 
 

171(July), 31–39. https://doi.org/10.1016/j.colsurfb.2018.07.004 

Yalcin, I., Horakova, J., Mikes, P., Sadikoglu, T. G., Domin, R., & Lukas, 

D. (2016). Design of Polycaprolactone Vascular Grafts. Journal of 

Industrial Textiles, 45(5), 813–833. 

https://doi.org/10.1177/1528083714540701 

Yao, Q., Cosme, J. G. L., Xu, T., Miszuk, J. M., Picciani, P. H. S., Fong, 

H., & Sun, H. (2017). Three dimensional electrospun PCL/PLA blend 

nanofibrous scaffolds with significantly improved stem cells osteogenic 

differentiation and cranial bone formation. Biomaterials, 115, 115–127. 

https://doi.org/10.1016/j.biomaterials.2016.11.018 

Yi, S., Ding, F., Gong, L., & Gu, X. (2017). Extracellular Matrix Scaffolds 

for Tissue Engineering and Regenerative Medicine. Current Stem Cell 

Research & Therapy, 12(3), 233–246. 

https://doi.org/10.2174/1574888X11666160905092 

Yu, P., Bao, R. Y., Shi, X. J., Yang, W., & Yang, M. B. (2017). Self-

assembled high-strength hydroxyapatite/graphene oxide/chitosan 

composite hydrogel for bone tissue engineering. Carbohydrate 

Polymers, 155, 507–515. https://doi.org/10.1016/j.carbpol.2016.09.001 

 

234


