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 Zambia is vastly endowed with a wide range of energy resources. Yet, to date, 

Zambia has not fully exploited its potential in solar energy utilisation for 

electricity generation due to various reasons such as lack of understanding of 

the distribution of solar energy potential in the country and limitation of 

access to solar energy resource information. This paper assesses the solar 

energy distribution and potential in Zambia. Nine provinces with different 

geographical and climatic regions that makes up Zambia were assesed. The 

distribution of solar radiation within the country were assessed using spatial 

analysis in ArcGIS Software. The 22year period solar datasets were 

considered for assessment. These datasets were obtained from NASA 

Atmospheric Science Data Center using Surface Meteorology and Solar 

Energy. The analyzed results indicate that Zambia has approximately 

20,442TWh/year technical solar energy potential and receives 

2109.97kWh/m2 of solar energy per year with 4403.12hours of sunshine. The 

country has 186,121km2 available and suitable land area for RETs 

implementations. This study is important as it present an overview of the 

technical solar energy potential for Zambia which is vital for decision making, 

energy mix and sustainable deployment of solar energy technologies in the 

country. 
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1. Introduction 

Energy is one of the basic necessities for the survival of human race. It is also important for the progress of 

the nation and essential factor for economic development. In other words, the absence of access to energy has 

a negative impact on human race and any country‟s economic development. The use of solar energy 

technologies nowadays is increasing in the world and most of the countries are trying to follow the move [1]. 

This has resulted in studies in order to assess the energy potentials and also show the need to use renewable 

energies in order to protect our planet and the environment around us [1, 2]. Sustainable deployment and 

implementations of any energy projects and diversification of energy for generation mix within any country, 

the fırst step involves identifying and assessing the energy source potentials of that country [1,3,4]. However, 

in most developing countries like Zambia the availability of solar energy resource information is limited due 

to lack of wide distribution of meteological stations for collecting weather data across the country[1]. This has 

resulted in little research and challenges in thorough assessment of solar energy potential in the country. As 

such, satellite solar datasets are the best alternative to use for assessing solar energy potential for most 

developing countries[3,4,5]. Satellite datasets have been used in many researchs and have showed that there 

was good correlation with the local measured datasets[4,6]. 

mailto:mabvuto_mwanza@yahoo.com
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The paper aims at studying and assessing the solar energy source distribution and potential in Zambia. For this 

purpose, the paper focuses on assessing the solar energy potential for nine provincess that makes up Zambia. 

As the country is targeting to reach sustainable development goals with the target of increasing access to 

energy for  rural and urban areas in Zambia [7], therefore, this study is a must and very important for decision 

making, generation mix, and deployment of various solar energy technologies in the country. 

The rest of the paper is structured as follows. In section II, a brief description of study area is given, followed 

by the description of energy sector in Zambia in section III. The section IV focuses on stating the renewable 

resources in Zambia. While section V focuses on the methodology and data collection and section VI deals 

with the models used. The section VII mainly focuses on the analysis of the results and finally the conclusion 

of the paper is summarized in section VIII. 

2. The Study Area 

2.1. Geographıc Descrıptıon 

Zambia is located in the heart of Southern Africa at the latitude of 8 to 18 degrees south of the equator and 

longitude 22 to 34 degree east of prime meridian with an area of 752,614 square kilometers [8]. Over 98.77% 

of Zambia‟s surface is taken up by land leaving only 1.23% covered by surface water such as rivers, streams, 

lakes and other inland water. It has no access to the sea or ocean. The country is surrounded by eight 

neighboring countries namely; Tanzania and Democratic Republic of Congo (DR Congo) to the North, 

Angola to the West and Namibia to the South West; Botswana and Zimbabwe to the South; and Mozambique 

and Malawi to the east as shown in fig. 1 below [8,9]. It is divided into nine provinces with 72 districts, 

namely; Lusaka, Southern, Eastern, Western, North Western, Copperbelt, Central, Luapula and Northern 

provinces as shown in fig. 2. It has a population of approximately 14,638,510 people (2014 estimates) of 

which 58% lives in rural area and 42% lives in urban areas [8,10,11]. According to [8, 12], only about 3% of 

the rural population are electrified leaving the majority of the population to depend on wood fuel and other 

traditional energy sources for their household energy needs. This lack of access to electricity and modern 

services undermines the pace and scope of economic development in the nation. Furthermore, it is also one of 

the major obstacles for poor people in Zambia to move away from poverty and take development into their 

own hands and upgrade their quality of life. This has also caused unimaginable deforestation and 

desertification of the woodland to almost irreversible levels in some parts of the country [13]. 

 

Figure1. Zambia Location and Neighboring Countries and International Grid [7,14] 
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Figure2. The Provinces and Districts in Zambia 

2.2. Electricity Industry in Zambia 

The electricity supply industry in Zambia mainly comprises of a vertically integrated state utility, Zesco, and 

an energy service company Copperbelt Energy Corporation (CEC) that purchases power from Zesco and 

supplies it to the mines [15,16]. In addition, two Independent Power Producer, Lunsemfwa Hydro Power 

Company (LHCP) and Zengamina Power Company (ZPC) and some small-scale solar based energy service 

companies supplying power to some rural areas also participate in the industry. Zesco currently dominates 

electricity generation, transmission, distribution and supply in Zambia [13]. 

2.2.1. Electricity Supply 

The electricity supply in Zambia originated in 1960 when a small thermal station was built in Livingstone to 

serve a section of the town. Since then the supply system has grown, as of 2013, the country have installed 

capacity estimated at 2000MW [15]. However, the generation available out of the installed capacity is 

1895MW of which about 90% comes from hydro source. Of the total installed capacity about 93% and most 

of off-grid installed capacity are owned by Zesco. LHCP and CEC are the biggest private operators in the 

country owning a capacity of 52.5MW and 80MW respectively. While ZPC is one of the smallest private 

operator owning a capacity of 750kW off-grid system and supplying electricity to 745 customers in North-

Western Province. Table 1 summaries the main players in electricity sector in Zambia [13]. 

Table 1. Main Players in Electricity Sector [17] 

Power 

Station 

Capacity 

(MW) 

Type of 

Technology 

Operator 

Kafue Gorge 990 Hydro Zesco 

Kariba 

North Bank 

1080 Hydro 

Victoria falls 108 Hydro 

Lusiwasi 12 Hydro 

Off-Grid 49 Hydro/Diesel 

Lusemfwa 28 Hydro LHPC 

Mulungushi 24 Hydro 

Gas Turbine 80 Gas CEC 

Off-grid 0.75 Hydro ZPC 

Off-Grid 0.06 Solar PV REA 

2.2.2. Energy Demand 

The electricity consumption in Zambia has been rising steadily estimated at approximately 6% per year (150-

200MW). The peak demand varies depending on the season; the winter peak demand was about 1450MW 
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while the summer peak demand was about 1400MW as in 2009. However, in 2014 the peak demand was 

forecasted to be between 2,260MW and 2,612MW [16,18]. The energy demand is expected to reach 16.6TWh 

by fiscal year 2020 and 21.6TWh in fiscal year 2030 respectively [19,20]. 

As in many other Sub-Saharan African Countries, traditional wood fuel such as charcoal and firewood has 

remained the major energy source in Zambia contributing about 70% to the total energy demand [8,13]. 

While, hydropower contributes about 14% to the total energy use and it is the second most used source. 

Petroleum products accounts for about 12% of the national energy demand. However, coal contributes a small 

share of about 2% to the total energy supply, despite its good potential in the southern province. Other energy 

sources such as renewable energy only contribute about 2% to the total energy balance in Zambia. Figure 1 

summarizes the contribution of different types of energy sources [13]. 

 

Figure3. Total Primary Energy Supply [13, 17] 

2.3. Renewable Energy Resources  

2.3.1. Hydropower 

The existing estimates of hydro potential in Zambia stands at about 6,000 MW excluding small, mini and 

micro hydro potential, which is estimated at 45MW [21]. Only about 30% of the estimated Zambia‟s hydro 

potential has been harnessed.  The Government of Zambia through Rural Electrification Authority has 

identified 29 locations of mini hydro schemes in the North-Western and Northern Luapula provinces of 

Zambia. Nonetheless, in order to increase harnessing power from hydro, the government of Zambia is /has 

continued studying the development of several projects as listed in table 1 below [15]. 

Table 2. Hydro Potential Sites in Zambia [13,15,16, 19] 

River Description Capacity (MW) 

Kafue Kafue Gorge Lower 750 

Itezhi Tezhi 120 

Kalungwishi Kalungwishi Hydro 247 

Luangwa Lusiwasi Extension 40 

Kabompo Kabompo Gorge 40 

Luapula Mambilima Falls 698 

Mombututa Gorge 490 

Lunangwe falls 96 

Zambezi Batoka Gorge 1600 

Devil‟s Gorge 1000 

Mpata Gorge 543 

Chavuma Falls 10-20 

Ngonye Falls 80 

Lufubu Lufubu 80 

 Mulembo/Lelya 280 

Mita Hills Reservoir Muchinga 230 

Mpika Mutinondo/Luchenene 70 

2.3.2. Biomass 

 Conversion of Biomass to electrical power potential stands at 500 MW of which 447 MW could be from 

Agro wastes, 46 MW from forest wastes and 4MW from municipal wastes [19]. Currently Zesco in 
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conjunction with Global Environment Facility (GEF) /United Nations Industrial Development Organization 

(UNIDO) plans to install a 1 MW biomass power plant in Kaputa District in order to replace the current 

440kW diesel power plant [7, 19, 22]. Furthermore, according to feasibility done by SNV and Hivos in 2012 

shows that sixteen (16) of the country‟s 72 districts have biogas potential (livestock manure) for electricity 

generation [21,23]. 

2.3.3. Geothermal 

Estimates further indicate that Zambia has potential of generating electricity from geothermal sources; the 

country has 80 hot springs, of which 35 have potential for power production. Currently, the Government of 

Zambia is considering constructing a 2 MW of geothermal power plant in Kapisya, Western Shore of Lake 

Tanganyika. At present, there is only one small-scale 240 kW pilot project that was developed with the 

support of Italy in 1987[7, 19]. 

2.3.4. Solar 

According to the previous studies and data undertaken by Meteorological Department of Zambia, the country 

has a significant potential of solar energy for both power production and thermal from solar energy 

technologies. The country is situated at the latitude of 8 to 18 degrees south of the equator and longitude 22 to 

34 degrees east of prime meridian with an average sunshine of about 6-8hours per day and high monthly 

average solar radiation incident rate of 5.5kWh/m
2
/day throughout the year [7, 13,19,24].  

To show its comment in increasing access to energy, the Government of Zambia through Rural Electrification 

Authority (REA) has embanked in PV projects such as installation of a 60 kW solar Off-min grid in Mpanta, 

Samfya district of Luapula Province, which is supplying about 50 households [24]. Furthermore, REA has 

installed about 250 solar PV systems in schools and buildings of traditional authorities as well as 400 solar 

home systems under the Energy Service Companies (ESCO) pilot project [7, 13, 24]. 

However, a thoroughly assessment of the solar energy potential in terms of distribution and extractable 

potential for energy generation throughout the country has not been done. For this reason, this study is 

important to undertake a thorough assessment of solar energy potential in Zambia in order to help the decision 

makers and accelerate RETs deployment in the country [7].  

2.3.5. Wind 

The country has an ideal plateau landscape which offers some locations where there is potential for wind 

energy exploitation.   This wind energy as a potential area for power generation has not been exploited due to 

among other reasons the few studies on wind and lack of wind atlas. However, despite the absence of a 

comprehensive wind atlas for the country, meteorological data recorded over the past three decades indicates 

that the country has generally untapped wind energy. Estimates measured at height of 10meters indicates that 

most parts of the country have the wind speed average of 3m/s, the Western Province and Kasama in Northern 

Province are nonetheless areas with high wind speed with averages of 6m/s suitable for power production 

[7,19,25].  

3. Materials and Method 

There are four main types of solar energy potential assessment, namely: resource potential, technical potential, 

economic potential and market potential as shown in fig.4[26]. However, currently the assessment of solar 

energy potential in many countries including Zambia often results only in theoretical resource potential 

(resource potential) which only indicate the amount of radiation at the country‟s surface [1, 13, 27]. However, 

for decision making and sustainable deployment of solar energy technologies, it is extremely important to 

know how much of the available resource potential is extractable for use i.e. technically in terms of capacity 

and generation. In addition, it is also vital to know how much of the country‟s surface area is available and 

suitable for solar energy technology implementation [1, 27].  
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Figure4. Levels of Solar Energy Potentials Assessments [26,28] 

Thus, based on the previous works that were done in various countries the methodology used in this study is 

built. The methodology is aimed at assessing the solar energy potential that can be extracted for future energy 

generation mix in Zambia. The approach considers solar radiation, sunshine hours, available and suitable land 

areas for PV implementation and system performance [1, 27]. The procedure involved four main steps and for 

analysis of the data, both simulation and analytical approach were adopted in this study.  

Firstly, using ArcGIS the study area were divided into small Zones. Zambia is located at latitude 8 to 18 

degree north of the equator and longitude 22 to 34 degrees east of prime meridian. Thus, for thorough 

assessment of the solar energy potential and its distribution within the country, the study area were divided 

into 130 zones, then several satellite datasets i.e. solar datasets were extracted within each zones from several 

points (square) which was made up of latitude and longitude [5]. 

Thereafter, data were prepared in excel for use in ArcGIS for spatial analysis, for solar source distribution 

assessment. The restricted areas for RET implementation were also extracted from various literatures [1, 29]. 

For simulation, both ArcGIS and Photovoltaic GIS software and analytical approach (excel) were used. 

The outcomes of this study were the solar energy potential and its distribution within Zambia. To quantify the 

solar energy potential and its distribution within Zambia, the following factors were used; the Monthly 

average solar radiation [1,2,4,21,30,31,32,33]. Monthly and Yearly Solar Energy Potential [21,31], Solar 

Power density, Total Yearly Sunshine hours [1,31], Theoretical solar energy potential for Zambia[21] and 

Technical power and generation solar energy potential [1,21,26] in Zambia considering available area for 

solar energy and other factors that affect PV technologies. 

The final step involved analysis of the results to form the conclusion on the solar energy potential and its 

distribution in Zambia. 

3.1. Theory/Calculation Models 

3.1.1. Array Model 

The technical solar energy potential is the energy produced by the arrays taking into consideration the 

efficiency of the PV technology and some other factors such as losses due to weather condition i.e 

temperature and dirt covering the module, and the losses due to power conditioning[16]. Therefore, the energy 

available for supply to grid has been calculated using (1) given as: 

  .11..  
CppRPVAC HAE  (1) 

Where EA is Energy output of PV system (kWh/year) APV is Array Area (m
2
), HR is solar radiation on the 

module (kWh/m
2
-year), p is module efficiency, λp is miscellaneous module losses (i.e due to dirt covering 

assumed at 10%), and λC is Power conditioning losses, assumed at 5%. 

Module efficiency is a function of its nomial efficiency, r which is measured at a reference temperature 

Tr=25
0
C [16]. İt is calculated as: 

  TT rcrp
  1

.
.  (2) 

Where  is temperature coefficient for module efficiency, Tc is module temperature, Tr is reference 

temperature. 

Module temperature is related to the average monthly ambient temperature Ta [16,17] as given below: 
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)25(1.1)300(0175.030 ..
;  TaGtT C

 (3) 

Where Gt is Solar irradiance (W/m
2
), Ta is ambient Temperature (

0
C), NOCT is Nominal Operating Cell 

Temperature, it depends on type of module used, and Ta is ambient temperature (
0
C). 

3.1.2. Capacity Factor Model 

The capacity factor is a model used to show the amount of energy delivered by an electric power generation 

system [4]. It is defined as the ratio of the output actual annual energy generated by PV system to the amount 

of energy the PV system would generate if it is operated continuously at full rated power for 8760 hours in a 

year and it has been evaluated using (4) [4,26] 

P
E

CF
PV

AC




8760
.

 (4) 

Where CF is capacity factor (%), EAC is Actual annual energy output (kWh/year), and PPV is Full rated PV 

power (Wp). 

3.1.3. Solar Energy Potential Model 

A. Theoretical Potential Model 

Theoretical solar enrgy potential involves the assessment of the solar energy that is received on the surface of 

the study area. This potential involves identifying the study area boundary and the size of the study land area, 

including annual average daily solar radiation magnitude. Thus, the theoretical potential has been calculated 

using (5) as expressed below; 

THAE TSHPSTH
..  (5) 

Where EG is Theoretical Solar energy potential (MWh/year), AADS is Active Surface Area (km
2
), HR is Solar 

Irradiance (MW/km
2
), and TT is Yearly total Sunshine hours (hours/year) 

B. Geographical Potential Model 

Geographical solar energy potential involves assessing the solar energy that is received on the available and 

suitable land area[21]. Thus, the process of assessing this potential involves firstly excluding the restricted 

land areas for solar energy technologies deployment and development such as agriculture areas, roads, surface 

water bodies areas, protected national parks, game reserves and forest reserves, areas under the transmission 

and distribution line and unsuitable land area for solar energy technologies deployment and development such 

as lands with bad slopes of more than 3% slopes, the unsuitable area has been estimated at 566,493km
2
 

according to literatures [21,26]. Therefore, the remaining land area is taken as the most suitable land area for 

solar energy technologies deployment. Thus, the geographical solar energy potential has been estimated using 

(6) as given below.  

..HAE RAOSG
  (6) 

Where EG is Geographical Solar energy potential (kWh/year), AADS is Available Suitable Area (m
2
), and HR is 

Total average yearly solar radiation (kWh/m
2
-year) 

C. Technical Potential Model 

Utility-scale photovoltaic is define as a large-scale PV power plant that can be deployed within the boundaries 

of the country on an open space [26]. The process of assessing the extractable energy potential from the sun 

for any country involves firstly by excluding areas not suitable for this technology within the defined 

boundaries[21,26]. Considering the estimated geographical potential and technical characteristics of PV 

generation  systems to convert the solar energy to electrical energy, the country‟s available technical solar 

energy potential can be estimated as using (7) below[21,26]: 

TCFpAE TSHPDAOST ....  (7) 
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Where ET is Solar Energy Potential (MWh/year), AADS is Study Area Available Suitable Area (km
2
), PPD is 

Study Area Power density (MW/km
2
), CF is Study Area Capacity factor (%), and TTSH is total hours in a year 

(8760). 

4. Results and Discussion 

Fig. 5 shows that the solar source across the country is not evenly distributed as it is a case in most countries 

due to geographical differences. However, most of the districts in Zambia receives higher annual average 

daily solar radiations with the lowest solar radiation of 5.51kWh/m
2
-day and highest of 6.23kWh/m

2
-day in 

fewer places. Thus, it can be noted that, all the districts in Zambia have potential for deployment of any type 

of solar energy technologies for various applications. 

 

Figure 5. Solar Source Distribution and Potential in Districts of Zambia 

Fig. 6 shows that most of the provinces in Zambia have radiations above country‟s annual average radiations 

of 5.78kWh/m
2
-day, with Western, Southern, Northen, and part of Luapula provinces having the most 

attractive annual average radiation above 5.80kWh/m
2
-day. It further shows that the country receives the 

annual solar radiation which rangs from 5.51 to 6.23kWh/m
2
-day. 

 

Figure 6. Spatial Annual Solar Source Distribution for Zambia 
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The study of monthly variability of solar radiation in the Provinces and Zambia is very important for planning 

the power grid management and monthly generation mix [21]. Fig. 7 compares the provincial variability of 

monthly average daily solar radiation. It is worth to note changes in solar radiation for Luapula and Southern 

provinces, that while the solar radiation in Luapula start raising up, in Southern Province the radiation start 

droping until the month of June then it start raisiing again until October while for Luapula the radiation 

continues raising until months of august and september then starting droping until december. This behave 

shows the need of wide deployment of solar energy technologies in all provinces for optimal ultilazition of 

solar energy. 

 

Figure 7. Comparison of Provincial Variability of Monthly average Daily Solar Radiation 

Table 3. Comparison of Theoretical Potential of Solar Energy in Provinces 

Province Total 

Surface 

area (km2) 

Total Yearly Average 

Solar Radiation 

(kWh/m2-yr) 

Total Yearly 

Average Sunshine 

Hours (hr/yr) 

Solar Power 

Density 

(MW/km2) 

Theoretical 

Solar Power 

(TW) 

Theoretical Solar 

Energy Potential 

(TWh/yr) 

Luaska 21,896 2080,50 4405,55 472,25 10.340 45,555 
 

Luapula 50,567 2111,26 4401,90 479,62 24.253 106,759
 

Central 94,394 2103,01 4401,90 477,75 45.097 198,512
 

Copperbelt 31,328 2098,02 4401,90 476,62 14,932 65,729
 

Eastern 69,208 2073,20 4401,90 470,98 32.596 143,484
 

Western 126,386 2151,41 4401,90 488,75 61.771 271,910
 

Southern 85,823 2116,34 4401,90 480,78 41.262 181,631
 

Northen 147,186 2126,73 4405,55 482,74 71.053 313,028
 

North 

Western 

125,826 2093,54 4405,55 475,21 59.794 263,425
 

Zambia 752,614 2109,97 4403,12 479.19 360.645 1,587,963
 

Table 3 above shows the theoretical solar energy potential in the different provinces of Zambia. It can be 

noticed that Northern Province, despite having lower yearly radiation as compared to Western Province, it has 

highest theoretical solar energy potential which is due to its larger surface area. 

Fig. 8 below shows the provincial and monthly variability of highest Monthly average solar radiation in 

Zambia.It can be noticed that the month with the highest solar radiation across the Zambia changes monthly 

and with location, this therefore shows the importance of need to distribute the solar energy technologies 

across the country in order to optimize the solar energy potential.  
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Figure 8. Provincial and Season Variability of Highest Solar Radiation 

Most of the provinces in Zambia have high solar radiation (fig. 9) above 5.7kWh/m
2
-day except Eastern and 

Lusaka provinces.  

Thus, the country can be classified into three regions, low radiation regions with radiations below country‟s 

annual average daily solar radiation of 5.78kWh/m
2
-day, medium radiation regions with average radiations 

same as the country‟s annual average solar radiation of 5.78kWh/m
2
-day and higher radiation regions with 

radiation above country‟s annual average daily solar radiations of 5.78kWh/m
2
-day. These radiations 

correspond to a theoretiical energy production between 2073,20 and 2151.41kWh/(m
2
-year).  In addition, 

fig.10 shows that the country can further be divided into two regions, long sunshine hours regions with 

sunshine hours above 12.06hrs and short sunshine hours regions with sunshine hours below 12.06hours. 

 

Figure 9. Provincial Annual Solar Radiation 

 

Figure 10. Provincial Sunshine hours 

Fig, 11 and 12 shows the national variability of monthly average of solar radiation and sunshine hours. Table 

4 shows the natioanl monthly average of daily solar radiation, sunshine hours, maximum air temperature, 

clearness index and wind speed.  It can be noted that the country receives maixmum solar radiation, wind 

speed and temperatures in the months of september and october and minimum solar radiations in the months 

of January, June and December. While the long sunshine hours are experienced in the months of december 
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and shortest in June. The country has solar irradiance of 479.19W/m
2
 and receives the annual average solar 

radiation of 5.78kWh/m
2
-day and total yearly solar radiation of 2109,97kWh/m

2
-year with total yearly 

sunshine hours of  about 4403,12hours per year as shown in table 3 and 4. 

Table 4. Variability of Monthly Average Solar Radiation and Sunshine hours in Zambia 

Month Sunshine Hours (hr/day) 
Solar Radiation 

(kWh/m
2
-d) 

 T(
0
C) K Monthly Ave. Wind Speed (m/s) 

Jan 12,77 5,27 25,08 0,46 2,94 

Feb 12,47 5,37 25,44 0,48 2,94 

Mar 12,10 5,55 25,58 0,53 2,90 

Aprl 11,77 5,74 25,96 0,61 3,36 

May 11,46 5,65 23,31 0,68 3,41 

Jun 11,31 5,46 23,37 0,70 3,64 

Jul 11,37 5,69 23,39 0,71 3,93 

Aug 11,63 6,25 25,99 0,70 4,22 

Sept 11,99 6,58 29,48 0,66 4,66 

Oct 12,35 6,50 29,89 0,60 4,24 

Nov 12,68 5,94 27,86 0,53 3,78 

Dec 12,86 5,39 25,57 0,47 3,27 

Annual  12,06 5,78 26,07 0,60 3,61 

Yearly  4403,23 2109,97    
T-Average Maximum Air Temperature 

K-Clearness Index 

 

 

Figure 11. National Variability of Monthly Average Daily Solar Radiation 

 

Figure 12. National Variability of Monthly Average Daily Sunshine Hours 

Table 5 below presents the details of module used to analyze the technical potential.Table 6a-6b below 

summarizes the results of the study, showing the total estimated available area, theoretical, geographical and 

technical solar energy generation and capacity potential in Zambia.  Zambia has on average solar energy 

potential of 2109,97kWh/m
2
-year with average sunshine of 4403,12hours per year. It has a total suitable land 

area for utility-scale PV implementation of about 186,121km
2
 which accounts for 24.73% of the Zambia‟s 
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total surface area. This area corresponds to geographical solar energy potential of 392,701TWh per year. 

Taking into consideration capacity factor which is estimated at 22.55% using Polycrystalline PV technologies 

and power density of 55.6MW/km
2
the country has technical solar energy potential of about 20,442TWh/year. 

Table 5. PV Module Parameters (Polycrystalline Silicon) [34] 

Item Parameter 

PV Module Max.Power (WP) 250 

Optimum Power Voltage VMPP (V) 30.3 

Optimum Operating Current IMPP  (A) 8.25 

Open Circuit Voltage VOC (V) 37.3 

Short Circuit Current ISC  (A) 8.69 

PV Module Area  (m
2
) 1.64 

PV Module efficiency (%) 15.24 

Temperature Coefficient Pmax (%/
0
C) -0.47 

Nominal Cell Operating Temperature  (
0
C) 25  

Table 6a.Solar Energy Potential in Zambia 

Available Suitable Area Annual Average Solar Energy Potential Sunshine Hours Solar Power Density 

km
2
 kWh/m

2
d kWh/m

2
a Hrs/a MW/km

2
 

186,121 5,78 2109,97 4403,12 55,6 

Table 6b. Solar Energy Potential 

Energy Potential Power(TW) Energy(TWh/a) 

Theoretical  360.645 1,587,964 

Geographical 89.187 392,701 

Technical 10.248 20,442 

5. Conclusion 

The study has presented the view of the theoretical, geographical and technical potentials of solar energy and 

its distribution in Zambia. The data used in the study were extracted from NASA using Surface Meteorology 

and Solar Energy and then analyzed. The study has shown that, the country have high technical potential of 

solar energy for PV electricity generation and various applications. It has also presented variability and ranges 

of magnitude of monthly average daily solar radiation in Zambia. From the results presented in the study, it 

shows that the daily solar radiation in Zambia varies depending on season changes. The analyzed results also 

show that Western province has the highest annual average solar radiation of 5.89kWh/m
2
-day while the 

Eastern province has the lowest radiation of 5.68kWh/m
2
-day. It can be noticed that almost all the provinces 

in Zambia experience a good solar radiation ranges. The Western province has an annual average solar 

radiation range of 5.44-6.50kWh/m
2
-day, while Eastern province experiences the range of 4.99-6.78kWh/m

2
-

day. On the other hand, the Southern and Northern provinces have an annual average solar radiation ranges of 

5.03-6.66kWh/m
2
-day and 5.07-6.70kWh/m

2
-day respectively. Meanwhile, the Northwestern province 

experiences an annual average solar radiation range of 5.13-6.40kWh/m
2
-day and Central province receives an 

annual average solar radiation range of 5.23-6.74kWh/m
2
-day. Furthermore, the Copperbelt province and 

Luapula province experiences an annual average solar radiation of ranges 5.08-6.57kWh/m
2
-day and 4.95-

6.55kWh/m
2
-day respectively. However, the country generally, receives annual average dialy solar radiation 

of 5.78kWh/m
2
-day at ambient temperature of 26.07

0
C with clearness index of 0.60 and wind speed of 

3.61m/s. In addition, the country experiences a total yearly average solar energy of 2109.97kWh/m
2
-year with 

yearly total avarage sunshine of 4403.12 hours. Having the total surface area of 752,614km
2
, the country has a 

theorectical solar energy potential of 1.59million TWh per year on the horizontal surface.   The total estimated 

solar energy geographical and technical potential for utility-scale photovoltaic technology are 

392,701TWh/year and 20,442TWh/year respectively. Zambia has higher estimated technical potential due to 

relatively high solar radiation, sunshine hours, good temperatures and the availability of large suitable flat 

land areas for PV technology deployment. With an ever increasing population, deforestation, energy demand, 

and droughts which is affecting the hydropower systems which is the main source for electrical energy in the 

country, solar energy appears to be one of the best effective solution for production of sustainable and clean 

energy in energy generation mix in Zambia.  
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 Interest in paulownia got its momentum around the world. With its fast-

growing nature and large leaf surfaces this species can absorb significant 

amounts of sulfur dioxide and dust particles. 

The cities of Tuzla and Lukavac, as most other Bosnian-Herzegovinian towns, 

have a number of geo-ecological problems, and the most pronounced one is 

negative anthropopressing on the atmospheric complex and pedospheric 

cover. This area, especially during the winter period, has a disrupted air 

quality where the greatest polluters are individual heating places, transport, 

industry, and energy sector. The pedologic cover of the wider area of Tuzla 

and Lukavac has suffered significant changes and is largely devastated. The 

processes of destruction of soils lead to complete destruction or formation of a 

new land with modified characteristics. High rainfall is a major cause of 

destabilization of slopes, but also is the negative anthropogenic activity in the 

area. Landslides have caused significant material damages, particularly in the 

residential structures of slope zones of the mentioned cities and suburban 

areas. This paper presents the basic biological characteristics of woody 

species paulownia elongata, and the possibility of planting it in areas that are 

now unused so to improve the quality of air, as well as on surfaces that are 

threatened by landslides. 
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1. Introduction 

The area of Tuzla City and Lukavac municipality is located in the basin of Spreča and its right tributary Jala, 

in the region of northern Bosnia, or more accurately in the sub-region of Spreča-Majevica with Semberija, in 

the northeast of Bosnia and Herzegovina. This field has pronounced air pollution, and other geo-ecological 

problems as well, of which the most important are: water pollution, degradation of agricultural land, and the 

emergence of numerous landslides. The subject of this research is the analysis and assessment of 

environmental quality in the city area of Tuzla and the municipal area of Lukavac. The first task of the 

research is determining the level of air pollution by individual pollutants; their comparison with the 

permissible concentrations and limit values, as well as providing guidelines for remedial of the quality status 

of atmospheric complex. Another task of the research is identifying factors for reactivation of old landslides 

and the emergence of new ones, especially on slopes with increased human activity. 

This paper hypothesis is: The state of air quality and soil cover, deteriorated by industrial production in the 

industrial area of Tuzla and Lukavac and by other anthropogenic activities, can be significantly improved by 

mailto:samira.huseinovic@untz.ba
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biological methods, i.e. by establishing bioparks with selected plant species. The above derives six sub-

hypotheses which are: 

1. The state of air quality in Tuzla and Lukavac is not at a satisfactory level; 

2. Paulownia is a plant that with its biological cycle has a positive effect on the atmospheric complex; 

3. Paulownia is a wood species that can be used as an alternative fuel in industrial production, thereby 

reducing emissions of adverse gases; 

4. Paulownia is a major consumer of CO2; 

5. The areas of Tuzla and Lukavac have considerable surfaces of unused land, and favorable climatic 

conditions for planting out paulownia; 

6. Paulownia elongata, with its root system, can have a positive impact on the stability of slopes. 

2. Material and Methods 

This work consists of theoretical and practical parts. In the theoretical part are defined biological and 

physiological characteristics of Paulownia elongata S.Y. Hu. The practical part of the work includes several 

scientific methods and procedures. The statistic method is used to process data obtained from the established 

monitoring of air quality, then the comparative method is used for comparing the air quality data measured at 

measuring stations, also used for data comparison between earlier periods and new values and for comparing 

the value with the legal limits. The method of field research is applied when considering pedogeographic traits 

and seeing how the use of certain soils. In addition to the above, the paper used a cartographic method to 

obtain the data about the area. 

We carried out experiments and laboratory studies in the evaluation of the calorific value of Paulownia. Also, 

we implemented field observations, that is, made direct observation of the terrain and visited the nursery that 

grows the mentioned species. 

3. Research results 

3.1. Some geo-ecological problems of Tuzla and Lukavac 

The area of Tuzla and Lukavac, especially in winter period, has got damaged quality of air, but the biggest 

polluters are individual heating places and boiler-rooms, transport, industry and energy sector. As the 

mentioned urban areas are located in a valley, in periods of unfavorable weather conditions, the area is 

naturally predisposed to air pollution. The biggest problem is the increased concentration of SO2 and fly ashes, 

due to the widely spread usage of coal (brown coal and lignite). 

Based on the determined average annual values of SO2 in Tuzla, it appears that concentrations of this pollutant 

generally exceed the legally prescribed annual limit value of 50 µg/m
3
. Following the movement of this 

pollutant, we can notice that it varies from year to year, falling and rising. Very high average annual values of 

SO2 were determined in 2008 (112.10 µg/m
3
), 2011 (116.36 µg/m

3
) and 2013 (84.15 µg/m

3
), indicating that 

the city's inner core was highly contaminated by this pollutant. Fly ashes are considered key indicators of air 

quality. From the data on average annual concentrations of dust deposits in Tuzla, it is evident that their value 

in all years is well above the prescribed annual limit value (25 µg/m
3
). The highest average annual 

concentration of this pollutant was recorded in 2011 and amounted to 86.40 µg/m
3
 [3]. 

In the analyzed period (2005-2014), SO2 concentrations were significantly increased in Lukavac too. During 

this period the hourly values of warning threshold were exceeded eight times, and the value of alert threshold 

20 times. The concentrations of NO2 in the area of Lukavac, similarly to the values of SO2, increased during 

the cold period of the year; however in the analyzed period were not recorded hourly exceedings over the 

threshold of warnings and alerts for this pollutant. The concentration of carbon monoxide (CO) reached high 

values during the entire monitoring period. The content of CO was increased in autumn and winter [1]. 

 The concentration of deposited dust (PM2,5) was increased during the colder period of the year, i.e. during the 

heating season, which indicates that the main reason for the high content of deposited dust is its emission from 

individual heating places and boiler-rooms. It was noted that the alert threshold was exceeded 3 times, and the 

value of PM 2.5 reached the alert threshold 2 times. It is estimated that 1.337 households have individual 

boiler-rooms and that they spend ten tons of lignite and six m
3
 of wood in one heating season, warming the 

total residential area [4, 7, 21]. 

Anticyclonic weather situations in the colder times of the year also affect the air quality. Then there are 

frequent occurrences of fog, mist and temperature inversions, which contributes to the retention of pollutants 

in the ground layer of air. Smog rises to the height of the inversion layer and forms a smoke screen. 
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The modern period of this region is marked by closely related processes of urbanization and deruralization 

characterized by industrialization and deagrarization. These very processes of urbanization, industrialization 

and deagrarization have contributed most to pollution, degradation and devastation of soils in this area. 

Pollution and devastation of the soil can be the consequence of several causes, namely: biological 

contamination (infection), chemical contamination, anthropogenic degradation and physical destruction of 

land [18]. 

Thus, in the area of Tuzla city there is 40.75 km
2
 in landslides, or 13.44%, and under unstable slopes is 29.97 

km 
2
 or 9.89% of the total area. In total, landslides and unstable slopes cover 70.72 km

2
, or 23.33% of the total 

area of Tuzla city, which is a problem of enormous proportions for the population and housing, as well as to 

the very quality of pedologic cover. According to the Cantonal Administration of Civil Protection of TK, in 

the city of Tuzla in 2014 were registered 2,170 landslides [21]. 

The highest number of landslides appeared in the eastern and central part of the city area (known as 

"municipal area" by 2014) where occurred landslides that threatened material goods, with a lesser risk of 

endangerment of human life. The landslides were formed on slopes with inclination, mainly between 5° and 

30°. Human activity had been expressed on these slopes, that is: the forest vegetation was removed, a number 

of suburban and rural settlements were built (those that do not have adequate infrastructure), and a large 

number of buildings were made without building permits. The terrain is further destabilized by cutting the 

slopes, during treatments of soil or inadequate agricultural production [1]. 

3.2. Biological characteristics of Paulownia (Paulownia elongate SY Hu) 

The tree Paulownia elongate SY Hu reaches a height of over 10 meters, with a wide conical crown. The 

leaves are large, green, their lower surface pubescent. 

Paulownia wood has the color of honey. It produces small seed, 1.4 mm to 3 mm, located in pods. The pod 

has oval shape and it is woody, with a size from 2.5 to 5 cm (Figure 1). It is a noninvasive type that also 

thrives in very sparse soil [11]. 

 

Figure 1. Paulownia elongata SY Hu 

Because of the high percentage of tannin it has developed a resistance to various pests, hence protection 

against insects and diseases is almost not needed. Paulownia elongata is a hard wood, but at the same time it is 

the lightest known wood weighing 272 to 336 kg/m
3 
(average 304 kg/m

3
). 

The wood is light in color and almost without knots, with resistance to bending and twisting making it perfect 

for carving. Fire-resistant point - the point of lighting is twice the size of pine's, which is especially interesting 

for coastal areas which are in summer exposed to increased risk of fire [12]. Paulownia wood swells very 

little. The change in volume with change of 1% moisture amounts to 0.290%, while with the poplar that 

coefficient is 0.397%, and with beech and oak 0.550% and 0.592%, respectively. These results indicate that 

the paulownia wood is very stable in variable climatic conditions (Figure 2). 
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Figure 2. Percentage of wood volume change with the moisture change of 1% 

Paulownia tree is a "small manufacturer" of heat taking into account a cubic meter of wood biomass. By 

comparison, 1 m
3
 of Paulownia with the humidity of 15% gives about 1069 kWh of thermal energy, while the 

same amount of oak in combustion produce almost twice the energy - 2,363 kWh. These results are a 

consequence of lower density Paulownia, but also the fact that 1 kg of any tree of the same moisture content 

gives about the same amount of heat energy because the chemical composition of all kinds are about the same. 

 

Figure 3. Thermal energy (in kWh) obtained by burning 1 m
3
 of wood (moisture content 15%) 

Table 1. Elemental analysis of the species Paulownia elongata 

 Paulownia elongata 

dry matter 25,52 

organic matter 16,24 

C 43,68 

N 2,74 

C: N 15,83 

pH 5,46 

Table 1 presents the elemental analysis of the species Paulownia elongata. The possibility of using Paulownia 

in industry is wide. It can be used as technical wood, but also as an alternative fuel with significantly lower 

emissions of SO2 [10]. (Table 2). 
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Table 2. Paulownia as an alternative fuel 

Type of energy source SO2(t/day) CO2(t/day) 

Coal 1,73 206,34 

70 % coal +30 % 

alternative fuel 

Coal Alternative fuel Coal Alternative fuel 

1,21 0,66 144,44 65,23 

1,87 209,67 

70 % coal +30 % (15 % 

alt. fuel +15 % 

paulownia) 

Coal Alternative fuel Paulownia Coal Alternative fuel Paulownia 

1,21 
0,33 0,02 

144,44 
32,65 32,61 

0,35 65,27 

 1,56 209,71 

70 % coal +30 % 

paulownia) 

1,21 
Paulownia 

144,44 
Paulownia 

0,03 65,31 

1,24 209,75 

4. Discussion 

KYOTO program of environmental protection ranks Paulownia in the first place among the plants, like a mine 

of oxygen and air cleaner. Given that it is harder and harder to follow the prices of energy sources we use 

every day and that are in constant increase due to reduced reserves, Paulownia as a wood biomass presents an 

energy source that renews itself, because after cutting it grows back from the stump. Additionally, Paulownia 

gives high calorific value of 4,700 kcal / kg with negligible sulfur content during combustion. The whole 

planet seek to reduce greenhouse gas emissions, and Paulownia absorbs significantly more CO2 than other 

tree species (eg. 4 acres of Paulownia absorbs in one year up to 13 tons of CO2 from the atmosphere and it 

affects climatic changes). 

Thanks to the large leaf surface and the fact that the underside of the leaf has dense hair, this species can 

absorb significant amounts of sulfur dioxide and dust particles. Results of the analysis of heavy metals (Zn, 

Fe, Pb, Cu, Ni, Cr, Mn, Cd, As, Hg) in the leaves of woody species Paulownia elongata SY Hu growing in 

urban areas clearly show that Paulownia elongata SY Hu is a tolerant species, and can be recommended for 

forming tree lines along urban and regional roads as well as for the formation of wind protection zones along 

the main roads [5, 17]. Paulownia can absorb heavy metals from the soil and from the air.  

Heavy metals in the soil may be the result of natural pedogenetic processes [20], as well as of anthropogenic 

factors that lead to environmental pollution. A very important source of heavy metals and other polluters of 

soil and plants is traffic [8, 14]. Plants bring in heavy metals constantly during the vegetation period. The 

highest values are reached at the end of the growing season [6, 15]. Also, there are many literature references 

that point to the impact of heavy metals on morphological, anatomical and physiological characteristic of 

woody species among others [9]. Species of the genus Paulownia, according to many literature data, indicate 

the possibility of adopting heavy metals [13, 19]. The level of tolerance of this species to pollution of air, is 

the basis for its development and survival in the urban environment. 

Paulownia species are very suitable for decoration and enriching environment, and the need of reforestation. 

They are also equally suitable for landscaping of urban and industrial areas [22]. 

Paulownia is a tree that has the capabilities of very high intake of nitrates, heavy metals and other elements 

from shallow and deep layers of the earth. It has a unique root system where the roots grow at a depth of over 

2m. Due to, even several meters deep rooting system, it is used for the rehabilitation of landslides. Such a root 

system, in combination with the rapid growth of paulownia enables interchange of much more nutrients as 

opposed to other species, thus giving a great potential in bio-remediation of contaminated soil. 

Paulownia also has a significant role in the rehabilitation and protection of soil from erosion. Usable surfaces 

for planting paulownia, in the area of Tuzla and Lukavac, are: free farmlands, conditionally stable and 

unstable slopes that have got developed (standard) soil, lands of industrial zones that are not occupied by 

infrastructure facilities, as well as areas with present surface mining of mineral raw materials, and tailings 

dumps with prior soil reclamation. 

By surface mining of coal and other mineral resources, vast areas were degraded. An example is the Tuzla and 

Zenica coal basin. In accordance with legislation that treats the exploitation of mineral resources and 
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environmental protection, mines are required to recultivate degraded areas, however, it is not the practice in 

our country. 

5. Conclusions 

Based on the conducted analyzes, it was concluded that in Lukavac, as well as in other industrial cities in 

Bosnia and Herzegovina, air quality is not at a satisfactory level. Particularly expressed is increased 

concentration of SO2 due to extensive use of fossil fuels. 

Paulownia is a plant that with its biological cycle has a positive effect on the atmospheric complex. 

Because of its high growth rate, this wood has a high ability to absorb carbon. 

With biological methods, that is, by planting the selected plant species, the status of air quality in the 

industrial zone of Tuzla and Lukavac can be significantly improved. 

Paulownia elongata SY Hu has a large degree of tolerance to air pollution, which is the basis for growing and 

survival in urban conditions. 

This type of wood can be used as an alternative fuel in industrial production, thereby reducing emissions of 

adverse gases, and is a major consumer of CO2. 

Paulownia has an important role in land reclamation and protection of soil from erosion, and because of its 

deep root system it can have positive impact on the stability of slopes. 

The area of Tuzla and Lukavac has considerable surfaces of unused land and favorable climatic conditions for 

planting Paulownia, or establishment of bioparks which would have economic, environmental and educational 

function. 
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 With the development of science and technology, industrial design industry 

also in development, and at the same time, the industrial market in the design 

of the products of industry, the species diversity of interest requirement also 

become increasingly strict. In order to ensure that the industrial design in 

terms of quality and quantity can better development, computer aided design 

of the industry establish human-computer interaction, become the key factors 

of industry design. This paper puts forward based on computer aided the 
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1. Introduction 

For over a decade many of the Computer-Aided Design programs have been around, and the first traces of 

their impact begun over 50 years ago. Furthermore, some of the best known early engineering drawings were 

seen in the work of Leonardo da Vinci. While he is well known for his Mona Lisa, he was also a designer of 

military machines and forerunner of today’s industrial machines. Leonardo’s design work was artistic in 

nature, more illustration than engineering drawings. His work was quite advanced for the time, however, no 

multi-view drawings of any of his designs are known to exist today, so we can say that modern engineering 

started in 1950s and by that time there were dozens of people working on numerical control of different 

machines and programming engineering design [1]. After PRONTO, Sketchpad and other programs, by the 

1970s, research had moved from 2D to 3D. Nowadays, modern CAD era consists of not just improvement in 

modeling and analysis but also from engineering, manufacturing to sales and marketing [2]. The future of 

CAD certainly means a combination of the accuracy and control of design with the speed and flexibility of 

precise modeling. The result is that designers spend less time planning a model’s construction, they are more 

focused on waiting for the changes in design, and they spend less time in remodeling the design for future 

uses. Industrial technology, that is the central focus of the article, is very much supported by new discoveries 

within CAD, since wide variety of hardware and software is developed, and a variety of constantly changing 

technologies are attracting the industrial design talents as well. Computer-aided Industrial Design (CAID) is a 

software system that gives support to product development in form, color, decoration, and most importantly it 

is a tool for support in product innovation design. Industrial design is mostly based on marketing and 

economy, however with the development of new technologies the economy is going through changes as well. 

Customer’s demand is primary, personalization, and originality are the key. To gain all that CAID is crucial, 

therefore it is emphasized how most companies face the trend of increasing competition and product 

complexity, so enterprises are enhancing cooperation and participate in dynamic manufacturing, were 
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computer systems can create flexible and agile manufacturing mode. To give a better understanding of the 

topic Yao [2] introduced with the very beginnings of CAID, the influence of the design on industry, several 

characteristics and problems that may occur within the CAID. 

2. Effect of the Computer to Industrial Design 

Industrial design is going through an expansion and aside from frequent human-computer interaction it also 

requires artificial intelligence technology. In the past, there was a persistent battle between the desire to 

implement new software techniques and the performance of available computers. That has changed in recent 

years as the performance of low-cost computers had its burst. During the past 40 years, price and performance 

percentages of available systems have increased by a factor of a million and there is no indication that the 

pace is slowing down. In fact it is accelerating. Software has become much stronger and there are only few 

design problems that cannot be freely handled today. In the design, key process is creative design thinking, 

where it is crucial to create the translation of the designer’s conception into drawing. That is a complex 

process and in the world of design it is known as the stage of concept function. Another important segment is 

design grammar. That is the formal description method that shapes the object and its principle by refining 

abstract elements of the shape. It is one of the foundations of intelligent design system. In the early days of the 

CAD industry, system vendors had to spend considerable effort designing basic hardware components and 

programming foundation-level software functions. Today’s computers come with all these capabilities built in 

and as a consequence CAD software vendors are able to concentrate their development resources on providing 

enhanced and more reliable applications. Some computers are equipped with microprocessors that contain 

dual or quad computing elements. We use chips with eight, sixteen or more processing elements, therefore 

CAD software, of course, has to be adapted to use these advanced processing capabilities. Booker [3] makes a 

firm statement, on the subject of the importance of computer, and its influence to the concept and method of 

industrial design. Since today we use computers to generate data model, difficulties that designers had in 

changing model into engineering drawing are gone, and the relationship between design and manufacturing is 

closer. Moreover, the CAD has shortened the entire product improvement cycle. On one hand, it increases the 

efficiency and the speed of the final product, on the other hand I believe that it eliminates the traditional 

performance in design, and many designers just go over the design without any previous excitement of 

creating something new. When it comes to product modeling, designer plans their final product on imagining 

what the final outcome will be, therefore, computer assisted cartography changes this concept and improves 

efficiency to avoid losses caused by corrupted design at the design stage. That brings us to the core of the 

article which is the very production and application of industrial design. 

3. Application of CAID 

CAID bring advantages for the designers since they have the freedom to express their wishes and display their 

creative idea. It ensures the high quality of the design through new advanced design tools that are 

approachable to any designer. New computer programs bring flexibility since they use high-tech tools for 

creative design directly on the system. Designer is able to see and implement 3D solid modeling techniques 

for geometric modeling of objects. They can choose a color design, form, texture, many different styles in 

design, and go through program evaluation and testing. It can easily be modified until the client’s desires are 

satisfied. The system is used to optimize the design for the needs of the market. Virtual reality, neural 

networks, genetic algorithms and parallel design are introduced in CAID field. Currently, computer design 

mainly uses algorithms that include adaptive neural network and morphological differences in remaining 

algorithm, so that way designers are able to control the generation of the new design. Yao is stressing the fact 

that CAD is aside from such a huge development, a field that will go through many changes in the future. He 

mostly relates that with the further growth of technology. In accordance to that, industrial design will have an 

outbreak as well. When new technologies take their place, such as artificial intelligence, virtual reality 

technology etc. we must find a new way to understand the design process and the new level of thinking about 

design in general. CAID will make industrial design develop in the direction of expansion, integration, it will 

make human-computer interaction more natural, and innovative design more advanced and operative. For me 

one of the most interesting segments of the article was author’s reference on the artificial intelligence and user 

interface progress. He believes that today’s internet connectivity is crucial for expanding the presence of art 

and design space towards the broader digitization of the art design. We can be as free and say that even 
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without internet the presence of design is guaranteed, since like Yao said in that case the constraint is purely 

geographical.  

 

 

Figure 1. Computer-aided design softwere system 

Electronic design is the basic aspect of computer technology and it indicates a long-term research plan based 

upon the insights into where the technology will allow us to go over the next decade or two. Whether we want 

to admit or not the development of the “New World” is beginning to show its stresses with visible changes in 

business practice, and the shift to multi-core processors, therefore we are witnessing early manifestations of 

the problems ahead. Unfortunately, much less reliable technology will follow, forcing further changes in 

industry, design practice, software development, and if designers are unsuccessful in fully containing these 

problems, we will face noticeable changes in system strength and performance. The major problem remaining 

is applying the technology to increasingly complex projects. That means managing enormous amounts of 

design data, a task some companies are doing well while others are struggling.  

4. Conclusion 

CAID is phenomenal technology that is revolutionizing engineering design and manufacturing, especially 

when used right, therefore it is important to allow the further growth of new designers and new ideas.  
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Air pollution and population health related to it is one of the main issues in 

Sarajevo in the past few years, especially in the winter t ime. Reason for that is 

combustion of coal, oil fuel and other harmful emissions that leads to creation 

of air pollutants such are: particulate matter (PM), sulfur d ioxide (SO2), 

nitrogen dioxide (NOx), and creation of Ozone (O3). This study addressed the 

question regarding possible solutions for improvement of air quality by 

removing NOx emitted from the cars in the particular area of urban core of 

Marijin Dvor in Sarajevo using innovative architecture approach. Basic 

principle introduced by this paper considered outdoor application of TiO2 

coating, in accordance with prev iously conducted studies. First part of 

research was conducted bysnowball research method which was used for 

accumulat ion of similar research material, while later study was completed 

using mixed method research design with explanatory research method which 

provided analyses, comparison and calculation of expected outcomes of 

applied innovative solutions as a mean to reduce pollution. These innovative 

approaches were implemented as coatings of TiO2 on elevations and paved 

areas next to the main road. Total area covered by TiO2 was 15 778 m
2
. 

Results strongly indicate that usage of TiO2 coating as innovative approach 

reduced the amount of NOx emitted by cars per year by 52,39%. This amount 

of NOx removed after treatment indicates that method proposed in this study 

was very effective and suggests that this study can contribute to further 

analyses and lead to possible implementation in the future.  
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1. Introduction  

Together with a growth of urban and metropolitan areas, growth of population density and transportation 
related activities occur [1]. According to the findings by the United Nations, in 2007 half of the world's 
population was living in urban areas

1
. Recent years are capturing continuous increase in the proportion of the 

population living in urban areas [2]. While cities during history were considered as a society‟s core of 

                                                 
1 United Nations. World Urbanization Prospects: The 2003 Revision. New York: United Nations, 2004 

 



Halilovic et al. PENVol. 5, No. 2, June 2017, pp.128 – 135 

129 
 

innovation, richness, and development, more pessimistic aspect regarding crime, disease, and pollution was 
also established [3]. 
As a result of raising transportation, major deficiencies associated with the health and pollution are becoming 
unresolved. Furthermore, researchers are trying to address these problems examining and testing innovative 
methods and techniques. According to Durakovic, increase in energy consumption is linked with increase in 
consumption of non-renewable energy source [4], thus suggests development of a design based on the energy 
storage that will reduce building energy demand and incorporate passive design strategies [4]. Reducing 
energy demand is achievable through better insulation of building envelope using new materials [5][6]. Aside 
from innovative solutions for future design, several studies done in the recent years were analyzing 
performances and implementation of titanium dioxide (TiO2) coating practices in the process of removing 
harmful air pollutants, by transforming them into harmless and environmentally-friendly air compounds. Air 
pollution in Sarajevo has been the problem over the decades, the only time without air pollution problem was 
the period during the war when industry stopped, heating was minimal and automobiles were scarce . During 
the last few years quality of air in Sarajevo is very bad and meteorologists are often ''blaming'' the nature for 
air pollution in Sarajevo: basin position and temperature inversion creates the effect of lid over the city 
without the air drift under it, especially during the winter months.  

2. Literature review 

This research addressed the question of removing NOx emitted by cars as a mean of reducing air pollution by 
innovative approach defined as application of TiO2 coatings on different surfaces. In the past decade titanium 
dioxide (TiO2) emerged as an excellent photocatalyst material for environmental purification [7]. Research 
question covered in this study was “What are possible approaches of applying TiO2 coatings in order to 
increase air quality and what are outcomes regarding effectiveness of this method?”  
First step taken in order to answer addressed question was aggregation of already conducted studies regarding 
effectiveness of TiO2 coating in decreasing the amount of NOx in the air and reviews existing applications in 
practice. These studies were conducted by leading company

2
 in producing TiO2 products applicable in 

different settings, indoor and outdoor, and on different surfaces – roofs, external walls, paved areas and roads. 
Researchers in the United Kingdom are even creating NOX -removing “catalytic clothing” in which 
TiO2 nanoparticles and calcium carbonate are added to fabrics, sprayed onto clothes, or applied during 
washing [8]. Based on the studies by Cristal, 100 m

2 
of surface painted with KNOxOUT may remove the NOx 

equivalent to that produced by a car driven more than 130 km, which proves good effectiveness
3
. In one trial 

in Manila‟s Guadalupe train station, Cristal Global painted 4,100 m
2
 of exterior wall and found the paint 

removed about 26 g of NOX per 100 m
2
 of painted surface. The company claims each painted square meter 

could remove 80 g of NOX per year. Other trials that run over 4 years, a wall in London of 135 m2 was treated 
with another Cristal product, and reported that reductions of 60% for the NOx. The photocatalytic paint is as 
well reported to work in the low-light environment of multistory parking lots, capturing 2.2 g of NOX per 
square meter per year [8].  
According to a study on evaluation of titanium dioxide in removing air pollutants [9], the removal rate for 
volatile organic species is about 60 cubic meters of air per day. It further states that “these numbers are rough 
estimates, but are based on careful quantitative investigations”

4
. The same study labels technology of TiO2 as 

technically feasible, but underlines the problem of cost-effectiveness, due to the fact that reducing cost will be 
challenging due to the large volumes of air that must be processed. 

3. Methodology 

This research paper was addressed as a case study with mixed-method research design and explanatory 
research method, where quantitative data were followed up by qualitative.  
First part of research paper was obtaining and analyzing data regarding average car emissions of NOx, traffic 
counting for particular urban part of Sarajevo, and analyzing innovative methods regarding air quality 
improvements. Data was collected by snowball method and further content analysis from the records were 
done. Data regarding traffic counting in the proposed area of Marijin Dvor in Sarajevo used in this paper was 
obtained from Ministry of Transport - Directorate for Roads of Sarajevo Canton, Traffic Counting on existing 

                                                 
2Global, U. (2017, January 20). Cristal ACTiv™. Retrieved from Cristal ACTiv™ 
3Global, U. (2017, January 20). Cristal ACTiv™. Retrieved from Cristal ACTiv™ 
4 [9] 
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Primary city and regional network of roads jurisdiction, Road Directorate Sarajevo Canton 2015, published in 
July 2016, while data about car NOx emissions were taken from a study by IICT (The International Council 
on Clean Transportation) on emissions from EU Diesel Euro 3 passenger cars, since this engine type it is 
mostly used in Bosnia and Herzegovina

5
. Outdoor air quality improvement was done by removing NOx from 

the air emitted by cars with usage of innovative approach. This approach includes application of TiO2 coats 
on the surfaces next to the very crowded main road in the urban core of Marijin Dvor, Sarajevo. After 
analyses of different studies by leading experts and companies that produce TiO2 coatings, further research 
included analyses of gained results and investigation of possibilities of air purifying using TiO2 coatings in 
the case study of urban core of Marijin Dvor, Sarajevo.  
Study proposed introducing coats of TiO2 on five elevations and five small squares and pedestrian paved areas 
in mentioned urban core. Due to different classification of these elevations regarding architectural style and  
importance for cultural heritage, different approaches were proposed; application of TiO2 as an elevation 
painting, and addition of designed architectural elevation part “Module X” that will serve as a new design in 
old settings method to satisfy esthetic, and as a NOx removal with TiO2 coating to serve air-purifying function, 
in the city that has constantly growing problem with air quality, mostly due to expansion of its area, 
population and transportation system.  

4. Case-study setup 

 

 
Figure 1. Map of Marijin Dvor with TiO2 application 

Air purifying was done by removing NOx emitted by the cars from the air. It was realized by applying coatings 
of titanium dioxide on the pedestrian pavements next to the main road, on five paved public squares that are 
framing the main road, and on five elevations of the surrounding buildings in the part of Marijin  Dvor, urban 
core of Sarajevo (Figure 1). Since this urban area partially consists of the buildings that are important part of 
the cultural heritage, application was proposed on two different ways: painting existing elevations and 
introducing new modular design element, called “Module X” that would be attached to elevations of buildings 
that are not part of heritage. Since “Module X” element is modular, it can be applicable on buildings with 
different style, dimensions and function. Total area of 15 778 m

2
 was treated with TiO2. Calculating 

efficiency of TiO2 coatings was done in accordance to already conducted studies about cleaning possibilities 
of different TiO2 products

6
. 

Based on the studies by Cristal, 100 m
2
of surface painted with KNOxOUT may remove the NOx equivalent to 

that produced by a car driven more than 130 km [10]. Institute for Economic Engineering Zenica published 
that 77% of the cars in Bosnia and Herzegovina are older than 10 years, which corresponds to Euro 3 engine. 

                                                 
5Institute for Economic Engineering, Zenica 
6[9]and Global, U. (2017, January 20). Cristal ACTiv™. Retrieved from Cristal ACTiv™ 
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Figure 3. Facade composition using Module ‘X’ 

 

According to a study by Association for Emissions Control by Catalyst, Belgium, average emission of NOx 
for Euro 3 vehicles is 0.5 g/km [11]. Traffic counter [12] states that in observed urban area of approximately 
0,5 km in Marijin Dvor pass 26,600 cars daily, which represents 6,6 kg of NOx. The amount of NOx emitter 
per year in the same area is 2409 kg.  

4.1. Elevations 

This innovative way of purifying the air is application of TiO2 to the building facades. The basic principle is 
to coat the tiles or modules by titanium dioxide that fights the pollution near the dense traffic. Representative 
example for this is the hospital Manuel Gea Gonzales in Mexico. Double skin facade provides the functional, 
aesthetical, and healthy conditions improvement. Its modules are coated with TiO2 and they fight the air 
pollution while providing the shade at the same time. 
For the purpose of this study we have designed a module (Module “X”) that could be  applied on different 
exterior surfaces. The size of one module is developed from 1x1 meter grid, and due to extrusion additional 
surfaces would be covered by TiO2. Total amount of extruded module covered by TiO2 coating will be 1.82 
m

2 
(Figure 2).  

„‟Module X‟‟ (Figure 2) is a decorative architectural module that can effectively reduce air pollution when 
installed near traffic ways on building facades. Modules would be made from lightweight thermoformed 
plastic panels coated with TiO2. 
We are proposing the application of it to the southern façade of Marijin Dvor building facing the media wall 
of SCC shopping mall (Figure 1). Besides the improvement of the current bad condition of the building‟s 
façade, additional purifying skin will successfully contrast to the light polluting media wall of the shopping 
mall.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
One module has 1.8 m

2
 coated area. The whole façade consist of 704 modules comprising the 1267, 2 m

2
 of 

titanium dioxide coated area. According to the findings by Cristal
7
, the leader company in manufacturing 

titanium dioxide products, TiO2 coating of 1 m² purifies 80 g per year. Applied to the facade modules, the 
whole facade would remove 101, 37 kg of NOx per year out of 2409 kg of NOx emitted per year, or 4,2%.  
Further application is done by applying TiO2 only as a painting, on the several proposed elevations in the 
same street. Complete surface of hereby proposed elevations is 3375 m

2
, which gives the result of 270 kg of 

NOx removed from the air out of 2409 kg of NOx emitted per year, or 11,28%. Total amount of removed NOx 
from coatings of TiO2 on elevations is 371,37 kg per year, or 15,41% of total emitted NOx per year.  

4.2. Pavements: 

Further setup implementation was applied on concrete paved pedestrian areas located next to the traffic zone, 
and were extended to five public squares, with areas ranged from 1000 to 3569 m

2
. Two of them are part of 

exterior design of shopping malls designs and urban integration, another one is located in front of the Church 
and on the crossroads, while the biggest one is located in front of the Parliament building. Besides squares, 

                                                 
7Global, U. (2017, January 20). Cristal ACTiv™. Retrieved from Cristal ACTiv™. 
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TiO2 coatings were applied on pedestrian ways in this part of the urban core. Total area with concrete 
pavement is 11 136 m

2
. If we continue the same principle that 1 m

2
 of TiO2 removes 80 g of NOx per year, 

coating this area will decrease NOx for 890,88 kg per year, out of 2409 kg of emitted NOx per year, or 36,98%.  

5. Discussion 

Total amount of emitted NOx per year in observed urban area of Marijin Dvor is 2409 kg. Total amount of 
NOx removed by specific application on elevations and paved areas after TiO2 treatment area is showed in 
charts below: 
 

1. Facades: 371,37kg per year or 15,41% 

 

 

 

 

 

 

 

 
Chart 1. Annual NOx removal per elevation (In kilograms) 

2. Pavements: 890, 88 kg per year or 36,98% 

 
 
 
 
 
 
 
 
 
 

 

 

 
Chart 2. Annual NOx removal from squares and pedestrian surfaces (In kilograms) 

 
Proposed solution for reducing air pollution by applying innovative approach of TiO2 coatings would remove 
annual NOx emitted from the cars by 1262, 24 kg per year, or 52,39%. 
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Chart 3. Annual NOx emission and removal (In kilograms) 

 
Chart 4. Annual NOx removal by proposed setup (In percent) 

Regarding the fact that this study proposed treatment of only five elevations facing main road with total area 
covered by TiO2 of 4642 m

2
 and paved areas of 11 136 m

2
, results show that it removed more than half NOx 

emitted annually by cars that pass in this area. According to the percentage gained from the calculations we 
can state that application of TiO2 proved as effective.  
Since the most TiO2 coverage area was applied on pavements, accordingly it gave the best results in NOx 
removal. Negative side of application of TiO2 on pavements is implying that this method raises questions on 
resistance of these coatings to the weathering and loads, but it is expected that problem can be solved since 
there are on-going researches regarding improvement of this issue.  

5.1. Cost 

Total area that would be coated by this research is 15 778 m
2
. Brian Pickett, business director for performance 

chemicals business at Cristal Global, says the paint may cost twice the normal price [10]. Average price for 1 
kg of ordinary façade acrylic paint is 2 EUR

8
. According to this, the cost of 1 kg would be 4 EUR. 1 kg of 

paint can cover 5 m
2 

in two coats
6
. This implies around 3000 kg of paint for the setup of this study, and led us 

to the cost of 12.000 EUR for TiO2 coating to be applied by this study (excluding labor cost). But the labor 
cost is one to be predicted and calculated. If the price of painter work per 1  m

2 
is 1 EUR in Sarajevo that 

implies 15 778 EUR for the whole job to be done.  
Total cost for applying TiO2 coating for this study would be 27.778 EUR that is 54.328 KM. 
According to the amount of removed NOx proven by this study we may say that the cost of applying TiO2 
coating is acceptable. 

Maintenance  

                                                 
8http://www.jub.ba/sites/www.jub.si/files/documents-ba/jub_cenik_2014_bos-www.pdf 
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Since TiO2 does not get consumed in the process of photocatalysis, theoretically it can be used indefinitely. 
This technology is simple to implement, and the only maintenance required is regular water cleaning during 
the dry season to resume good performance. However, applying coatings of it on the pavement, and elevation 
walls suggests that layers of TiO2 can get damaged and it can affect their effectiveness. The main threads to 
the effectiveness of coating are those concerning pavements because people are walking directly over the 
coated area. This can affect lower durability because of traces of soles, dirt and gluing the chewing gums for 
example. Nowadays, studies are being conducted in the best possible method to apply TiO2 coatings in which 
they will resist all possible causes of damaging it, including weathering, loads, or any other physical way of 
harm. There is a hope that this physical harm on TiO2 coatings along the pavements will be solved.  
Studies show that durability of in concrete coatings range between 6-11 months, and between 10-16 months in 
asphalt coatings [13]. 
This implies annual recoating of TiO2. 

6. Conclusion 

While cities are in a constant process of expanding, parallel increase in the amount of pollution and degrading 
of natural environment are occurring. Furthermore, increased amount of pollution leaves negative 
consequences on human‟s health. Nowadays, companies all over the world are trying to develop innovative 
sustainable approaches with a goal to remove dangerous compounds from the air, and decrease pollution. 
Study conducted in this research paper examines a possibility of application and implementation of air 
improving techniques regarding removal of NOx from the cars, using titanium dioxide coatings in the case 
study of Marijin Dvor in Sarajevo. Application was suggested in the parts of the urban core of the city, which 
contains different possibilities in the methods of coating. Study was conducted in outdoor settings, and 
suggest significant removal of NOx. Total amount of emitted NOx in this area is 2409 kg per year, and 
innovative approach of TiO2 coatings in this study removed NOx by 52, 39%. According to the percentage of 
removed NOx together with acceptable cost of the TiO2 paint, we can state that approach suggested in this 
study is very effective. Since these studies are innovative and novelty in the world, this conducted research 
can improve complete understanding on this topic. Furthermore, this study can serve as a basis for further 
analysis regarding case study of Sarajevo. 
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 The increasing environmental concerns and poor practices force construction 

industry to take some remedial measures for green and sustainable built 

environment. Especially in urban areas, one of these measures is to build 

green roofs for minimizing the environmental pollution. In fact, green roofs 

present a number of economic, environmental, and social benefits. However, 

compared with traditional roofs, green roof investments have high capital and 

maintenance costs and this makes potential investors hesitant about their 

applications. Therefore, in the present study, benefits and life cycle costing 

parameters of green roofs were evaluated through a literature review. In this 

context, numerical inputs and findings of past studies were utilized. In doing 

this, a special emphasis was placed on the regional characteristic of such 

investments as it is a natural feature of any life cycle costing analysis. In 

conclusion, the majority of benefits and life cycle costing parameters was 

found to be highly variable, and thus, any life cycle costing assessment that 

will be performed in the future should be case-sensitive instead of using some 

generalized or raw data. Therefore, based on findings and results of this study, 

industrial practitioners and potential customers may have a useful source of 

economic, environmental, and social information about green roofs while 

researchers may be encouraged for more region-specific studies. 
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1. Introduction 

The sustainable built environment phenomena can be defined as providing both healthy environment for 

people through improving the quality of life and a livable future for current and next generations in terms of 

social, economic, and environmental conditions [1]. The construction industry, one of the leading industries in 

developed and developing countries, has an important role to improve social, economic, and environmental 

conditions of the sustainable built environment. However, it is responsible for high values of energy and 

resource consumption, solid waste production, and greenhouse gas emission [2, 3]. These adverse effects 

force the construction industry to take some preventive measures to reduce its environmental damage to a 

minimum level. Today, green roofs are chosen both as a technological device that has potential to decrease 

energy and pollution based environmental problems and as a construction application that can minimize the 

lack of green fields in urban areas in many countries around the world [4]. This is because they present 

numerous benefits for societies and individuals, such as savings from energy and storm water [5], fall in the 

temperature of roof membrane [6], improving air quality [7], rise in habitat and biodiversity [8], mitigation of 

mailto:ulubeyli@beun.edu.tr
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urban heat island effect [9], noise reduction and aesthetic view [10], and formation of recreation areas [11]. 

However, due to high initial and maintenance costs, they have not attracted the required attention of clients so 

far in many countries. For example, in some regions in Germany and Japan, green roof applications are 

mandatory [12]. As another instance, the Korean government subsidizes 50% of the initial investment cost of 

green roofs implemented in major cities [13]. Thus, in order to encourage investors for green roofs in practice, 

it seems to be necessary to present their economic advantages in the long term through the analysis of their 

lifecycle costs besides environmental benefits. 

Therefore, the aim of this study was to provide a useful source of financial information about green roofs for 

industrial practitioners and to encourage researchers for more region-specific studies as life cycle costing 

naturally needs and demands a regional resolution [14]. For this purpose, past studies concerning life cycle 

costing of green roofs in the literature were comparatively analyzed. In this context, a number of indicators 

such as unit construction cost, lifespan, life cycle costing method, interest rate, and economic, environmental, 

and social benefits were presented given their regional aspects. 

2. Materials and Methods 

In the literature, there are a few dozens of studies that compare green roofs applied in different geographical 

regions. However, it was seen that, in these studies, only two or three different cities were compared with each 

other [15-17]. It means that the literature seems to lack a comparative life cycle costing study emphasizing the 

regional aspect of green roofs as a whole. Therefore, in the present study, this type of past researches was 

divided into two sub-categories as extensive (Table 1) and intensive (Table 2) green roofs by reviewing the 

related literature and was compared in terms of unit construction cost, life span, life cycle costing method, and 

interest rate in a regional manner. Moreover, in order to compare and reveal the potential regional variability 

of benefits, they were individually investigated from the economic, environmental, and social point of view. 

Table 1.Life cycle costing studies on extensive green roofs 

Authors Country Unit Cost ($/m
2
) Method(s) 

Lifespan 

(year) 

Discount 

rate (%) 

Porsche and Köhler [15] Germany-USA-Brazil 85-90 NPV 90 n.a. 

Zhang et al. [16] Germany-Singapore 31.72 NPV 40 5 

Clark et al. [4] USA 232 NPV 40 5 

Carter and Keeler [5] USA 158.82 NPV 40 4 

Blackhurst et al. [9] USA 97.04 BCR 30 5 

Niu et al. [18] USA 306 NPV 40 6-7 

Wu and Smith [19] USA 107.64 PBP-NPV-BEP 40 2.8 

Bianchini and Hewage [20] USA 130-165 NPV-PBP 40-55 2-8 

Mullen et al. [21] USA 158-306 NPV 40 n.a. 

Sproul et al. [22] USA 172 NPV 50 3 

Joksimovic and Alam [23] Canada 236.45 NPV 50 5 

Peri et al. [24] Italy 75.05 NPV 40 6 

Angelakoglou et al. [25] Greece 90-180 PBP 25 n.a. 

Claus and Rousseau [12] Belgium 141.9 NPV 50 4 

Tsang and Jim [26] Hong Kong 150 NPV 40 5 

Chan and Chow [27] Hong Kong 68 NPV-PBP 25 4.25 

Peng and Jim [28] Hong Kong 64 BCR-PBP 40 4.25 

Lee et al. [29] South Korea 134.5 n.a. 2-100 n.a. 

Shin and Kim [30] South Korea 23.32 BCR 20 5.5 

Liu and Hong [31] China 241.2 BCR 40 5 

Wong et al. [32] Singapore 89.86 

NPV-SIR-

AIRR-PBP-

DPBP 

40 6.15 
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Table 1 includes extensive green roof researches that were analyzed in this study.Among them, Porsche and 

Köhler [15] compared green roofs in Germany, USA, and Brazil while Zhang et al. [16] examined green roofs 

in Germany and Singapore. The remaining ones can be categorized into three geographical locations as the 

American region (USA and Canada), the European region (Italy, Greece, and Belgium), and the Asian region 

(Hong Kong, South Korea, China, and Singapore). 

Table 1 includes extensive green roof researches that were analyzed in this study. Among them, Porsche and 

Köhler [15] compared green roofs in Germany, USA, and Brazil while Zhang et al. [16] examined green roofs 

in Germany and Singapore. The remaining ones can be categorized into three geographical locations as the 

American region (USA and Canada), the European region (Italy, Greece, and Belgium), and the Asian region 

(Hong Kong, South Korea, China, and Singapore). 

Compared with extensive green roofs, there are much less previous studies regarding intensive ones (Table 2). 

This may be because intensive green roofs have higher initial investment and maintenance costs and it would 

likely be a vain attempt to investigate their viabilities unless the feasibility of extensive green roofs is 

revealed. Although Porsche and Köhler [15] performed the single study about intensive green roofs in the 

European region, their research takes into account three different regions together. In other words, it neither 

focuses on nor presents a comparative perspective of the European region. Similarly, Chui et al. [17] 

compared intensive green roofs in Hong Kong and USA. Therefore, intensive green roof studies analyzed 

were categorized into two geographical locations as the American region (USA) and the Asian region (Hong 

Kong, Singapore, and Australia). 

Table 2. Life cycle costing studies on intensive green roofs 

Authors Country 
Unit Cost 

($/m2) 
Method(s) used 

Lifetime 

(year) 

Discount 

rate (%) 

Porsche and Köhler [15] 
Germany-USA-

Brazil 
340-380 NPV 90 n.a. 

Chui et al. [17] Hong Kong-USA 153-273 NPV 30 n.a. 

Bianchini and Hewage [20] USA 165-540 NPV-PBP 40-55 2-8 

Liu et al. [33] USA 168.34 NPV 20 4.5 

Langston [34] Australia n.a. BEP 25-100 3 

Peng and Jim [28] Hong Kong 256 BCR-PBP 40 4.25 

Wong et al. [32] Singapore 
178.93-

197.16 

NPV-SIR-

AIRR-PBP-

DPBP 

40 5.15 

 

3. Results and Discussion 

In this section, life cycle costs of green roofs was comparatively evaluated from a regional perspective to 

present the difference of the effect of costs and benefits. In the literature, the data used in life cycle costing 

studies can be grouped as primary and secondary data. Primary data represents the data provided directly from 

the manufacturer or market while secondary data is derived from the existing literature [35]. For the sake of 

reliability, primary data is preferred more to compile. In past studies about green roofs, unit construction costs 

and interest rates were usually used as primary data while lifespan and benefits were taken as secondary data. 

Here, monetary values of data were included using local values needed for the relevant region. 

3.1. Life cycle costing parameters 

Considering previous studies, it seems that there are three causes behind the green roof choice of clients. First, 

roof gardens in the USA are fashionable due to the positive effect of a better aesthetic view on the renting or 

selling price of a flat or an office since there is no legal regulation on rental rates as in Germany [15]. 

Similarly, in Brazil, people prefer roof flats with green terraces for a beautiful garden view and for an open 

green space required in tropical climates. Second, from the viewpoint of storm water management, energy and 

cost savings increase through the green infrastructure used in Germany instead of traditional rain water 
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harvesting system in Singapore [16]. Third, cost-efficiency of green roof investments are more in the USA 

than Hong Kong because of higher land prices in Hong Kong [17]. 

Given unit construction costs of extensive roofs, they vary in a very large interval between $97-306 for the 

American region, $75-180 for the European region, and $23-241 for the Asian region. Interestingly, the 

difference between the lowest and highest values in the same region can be more than ten times. Such an 

enormous difference is valid even in the same country such as USA, Hong Kong, and South Korea. However, 

taking the lowest values as a baseline, the most inexpensive extensive roofs are in Asia while the most 

expensive ones are in America, which shows a difference of more than four times. As an expected finding, 

unit construction costs of intensive roofs are at least two times higher than those of extensive roofs and 

similarly vary in a very large interval between $165-540 for the American region and $178-256 for the Asian 

region. Although the difference between the lowest and highest values in the same region or country is not 

very high, it can be more than three times, denoting a serious difference. However, the lowest values of 

American and Asian regions are very similar. Main factors affecting the unit construction cost can be listed as 

the quality of materials and the cost of labor. As a result, it seems impossible to standardize unit construction 

costs of green roofs in any region or country, and thus, it is a necessity for investors to assess current market 

prices of construction materials to be used and regional labor costs. 

As can be seen in Tables 1 and 2, life cycle costing methods used in past studies are net present value (NPV), 

benefit-cost ratio (BCR), payback period (PBP), breakeven point (BEP), savings to investment ratio (SIR), 

adjusted internal rate of return (AIRR), and discounted payback period (DPBP). Among them, NPV is the 

most frequently used method. However, three methods (i.e., SIR, AIRR, and DPBP) were used in one research 

only. In conclusion, life cycle costing methods used in different regions of the world seem not to change. 

In terms of lifespan of green roofs, there is no common attitude in past studies. This is also valid for 

comparisons between extensive and intensive roofs and between geographical regions. However, as lifespan 

was taken 40 years in most of these studies, it seems to be reasonable to accept the average lifespan of any 

kind of green roofs as 40-50 years which is equal to the lifespan of an ordinary reinforced concrete building 

[36]. 

Among all life cycle costing parameters, interest rate is likely the most uncertain input and its variation can 

lead to an overestimation or underestimation of the total cost [37]. Considering previous studies, it is evident 

that neither extensive and intensive roofs nor geographical regions have specific interest rates. These values 

change in a relatively small interval between 2-8%. In fact, almost all of past researches were carried out in 

developed economies. Accordingly, this low and stagnant level of the presented interest rates may turn to high 

and unstable rates in undeveloped economies, indicating a warning signal for potential green roof investors 

while making their decisions on the roof type. 

3.2. Benefits of green roofs 

Benefits of green roofs may be divided into three main categories such as economic, environmental, and 

social, as given in Table 3. Economic benefits are energy saving, longer roof life, increased property value, 

and other cost savings. Environmental benefits include storm water management, improved air quality, 

mitigation of urban heat island effect, and increased biodiversity. Social benefits contain fire protection, green 

space, thermal insulation, noise insulation, and aesthetic view [30]. In fact, these three categories cannot be 

assessed individually because economic benefits may also provide environmental and/or social benefits and 

vice versa. For example, energy saving contributes to less energy production and thereby to reduction in 

greenhouse gas and CO2 emissions, leading to richer biodiversity and healthier living conditions. In other 

words, types of benefits should not be perceived as totally independent factors, but as integrated and engaged 

advantages. 
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Table 3. Benefits of green roofs 

Author(s) 
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Porsche and Köhler [15] 
 

 X  X 
 

    X X  

Wong et al. [31] X X    
 

       

Clark et al. [4] X    X X        

Carter and Keeler [5] X X   X X X   X    

Blackhurst et al. [9] X    X 
 

X   X    

Niu et al. [18] X    X X        

Lee et al. [29] 
 

   X 
 

       

Tsang and Jim [26] X    X 
 

   X    

Wu and Smith [19] X X   X X        

Bianchini and Hewage [20] X X X X X X X X  X   X 

Claus and Rousseau [12] X X X X X X X X X   X X 

Liu and Hong [31] X X  X  
 

       

Angelakoglou et al. [25] X     
 

       

Chan and Chow [27] X     
 

       

Mullen et al. [21] X    X X        

Joksimovic and Alam [23] 
 

   X 
 

       

Sproul et al. [22] X X   X X X       

Langston [34] X X   X X    X X X X 

Liu et al. [33]     X X        

Peng and Jim [28] 
 

    X X    X   

Shin and Kim [30] X   X X X X       

Zhang et al. [16] X    X 
 

       

Chui et al. [17] X    X        X 

 

3.2.1. Economic benefits 

A building’s energy use for heating and cooling is an important component of its sustainable design [5]. Green 

roofs have potential to decrease the energy consumption of a building. Energy savings associated with the 

increased insulation depend on the size of a building, the climate zone, and the type of roof [12]. The amount 

of energy savings is expected to be between 40-110% in Hong Kong, compared to other roofs [27], 1.5% in 

Belgium [12], and 3.3% in the USA [5]. In this regard, electricity prices per kWh are $0.185 in Hong Kong 

[27], $0.140 in Belgium [12], and $0.069 in the USA [19]. As a result, both saving amount and its monetary 

value seem not to change regionally. However, the monetary value is clearly prone to much higher values in 

many countries, presenting a larger room and motivation for such a saving. 

Protection of green roof membranes through the reduction in surface temperature by multiple layers results in 

a two or three times longer roof life [5, 10, 12, 18, 20, 22, 31, 32, 34]. In this context, as the effect of sunlight 

on the roof life will show totally different characteristics from a region to another, it needs to be investigated 

by future studies. 

Green roofs may contribute to increase the market value of properties via aesthetics. The increase rate varies 

between 2-5% [20] in property values and reaches up to 25% in hiring prices [15]. From the regional point of 

view, both land cost and property value will likely rise in highly urbanized regions subject to dense population 

and suffering from the lack of green areas. 

Lastly, there are some policies applied by governments to encourage investors for the use of green roofs. In 

New York, one-time tax reduction of $48/m2 is allowed [20]. Similarly, the Flemish government in Belgium 

stimulates municipalities to grant subsidies of at least $36.16/m2 [12]. Hence, these kinds of direct cost 

savings seem to be a mission of regional administrations in increasing green areas. 
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3.2.2. Environmental benefits 

The most cited type of environmental benefits is storm water management. Green roofs reduce storm sewer 

pipe size, water utility fee [5], costs of upgrading storm water infrastructure [22], and storm water tax rate 

[12]. While storm water fees in some cities of Germany have been reduced for buildings with green roof, 

investors in Switzerland take 20% of the cost of their investment back through storm water management [38]. 

In the USA, building owners could annually save between $0.08/m2 [4] and $0.38/m2 [20] by reducing storm 

water runoff amount. In South Korea, annual storm water runoff decreases 14.7-25.6% [30]. All these findings 

reveal the significance of storm water management practices and policies that can be applied and adjusted 

according to regional precipitation amounts. 

Green roofs are also expected to have positive effects on air quality improvement [4, 19]. The corresponding 

monetary value is calculated considering mitigation or prevention of air pollutants and thereby reduction of 

taxes and other legal payments. The monetary value of mitigation of NOX in the USA was calculated 

$1.07/m2 by Clark et al. [4] and Mullen et al. [21], $0.03/m2 by Bianchini and Hewage [20], and $0.011/m2 

by Sproul et al. [22]. It is $0.43/m2 in Belgium [12] and $0.085/m2 in Hong Kong. In terms of SO2 and CO2, 

the monetary value of their prevention was taken $0.013/m2 and 5.7 kg/m2, respectively. From a general 

perspective, the mitigation of all air pollutants will provide a $60 benefit per year [19]. Since the amount of 

these polluting compounds can take totally different values in different regions and environmental policies 

(i.e., sanctions and incentives) can change with region, more regional researches seem to be necessary for a 

better life cycle analysis. 

Urban heat island (UHI) increases energy consumption, concentration of harmful pollutants, emissions of 

CO2 to the atmosphere, and affects health conditions [39]. Green roofs reduce the UHI effect by providing a 

medium for evapotranspiration and altering the surface albedo [9]. However, some authors [5, 31, 32] define 

this benefit as speculative while others tend to include it in life cycle costing analysis [9, 12, 20, 22]. In 

conclusion, as the amount of the UHI mitigation will vary between regions owing to their urbanization levels 

and climate conditions, green roof investments should be supported by governments given their environmental 

advantages regardless of financial revenues. 

Biodiversity is described as the variety of living organisms, ecological complexes in which they occur, and 

ways in which they interact with each other and the physical environment [40]. There is no doubt that green 

roofs have potential to enhance biodiversity although this benefit is not represented in the life cycle costing 

analysis due to unavailability or unreliability of data [12, 20]. In addition, it is very difficult to evaluate 

regional effects of the increased biodiversity. Consequently, similar to the UHI effect, the increased 

biodiversity could be used as a qualitative motivator. 

3.2.3. Social benefits 

Interestingly, these five benefits are also expected to provide indirect economic advantages to investors 

through the increased value and the marketable potential of property [15]. First, thermal and sound insulation 

potentials of green roofs may decrease or eliminate extra costs of insulation works in the construction phase 

and energy expenditures in the operating stage. On the one hand, it is difficult to calculate the thermal 

insulation effect because it depends on climate, the water content of layers, the water flow in the drainage 

layer, and the wind velocity [15]. On the other hand, the annual energy saving amount through the thermal 

insulation for extensive green roofs was calculated 57.6 kWh/m2 [28]. In terms of sound insulation, the annual 

monetary equivalent of this effect was accepted approximately $0.34/m2 [12]. Second, sedums in a roof are 

water retaining plants and might decrease the risk of fire. However, as this risk in one particular reinforced 

concrete building is extremely small, the fire protection feature of green roofs is neglected in life cycle costing 

analysis [12]. Third, the increased green recreation area especially by intensive roofs could improve the 

quality of life of residents [26]. It is a fact that green roofs do not provide positive social effects as much as 

parks do [20], but the reduction of stress and illnesses and an improved productivity [41]. Overall, regional 

differences seem to have a significant impact on all social benefits. Fire protection and thermal insulation is 

directly related with climate while green space, noise reduction, and aesthetic view is affected by the 

urbanization level. All of these arguments denote a regional aspect. As it seems difficult to obtain reliable 

input data, social benefits can constitute the qualitative aspect supporting the investment decision of potential 

building owners. 
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4. Conclusions 

As initial investment and maintenance costs of a green roof can be much higher than those of a conventional 

wooden or flat roof, many clients may be reluctant to invest in such a roof. This study is an attempt to reveal 

the findings of past researches about cost parameters and benefits of green roof investments in their life 

cycles. In doing this, an emphasis was naturally placed on the regional characteristic of such investments, 

which is a must to be taken into account in any life cycle costing analysis. 

Generally speaking, there are three causes of the green roof choice of clients and they have financial drivers as 

an expected outcome. Looking at unit construction costs, they cannot be standardized and may have high 

variability. Therefore, current market prices of construction materials to be used and regional labor costs 

should be assessed in a detailed manner. Similarly, some economic factors (i.e., land cost, property value, and 

the effect of sunlight on the roof life) and all environmental benefits/policies (i.e., storm water management 

practices, the amount of the polluting compounds in the air and the related environmental regulations, the 

amount of the UHI mitigation, and the increased biodiversity) seem to be highly sensitive to regional 

characteristics and need for an in-depth investigation. This is also valid for all social benefits (i.e., fire 

protection, thermal insulation, green space, noise reduction, and aesthetic view). However, although these 

benefits can interestingly bring indirect financial gains via the increased value and the marketable potential of 

property, they can encourage the investment decision of potential clients qualitatively since it is difficult to 

compile reliable and concrete input data. On the contrary, life cycle costing methods do not change with 

region and NPV seems to be the most common approach in this regard. In this computation, the average 

lifespan of any kind of green roofs can be accepted 40-50 years. However, despite the fact that interest rates 

used up to date are low and stagnant, these rates may have a role to adversely affect the decision of potential 

green roof investors especially in undeveloped regions. Similarly, although energy saving amount and its 

monetary value do not have a regional effect, the monetary value may tend to rise in current global financial 

conditions and this may motivate potential customers more. In this context, governments may provide an 

additional motivation through tax reduction and/or subsidies to increase green areas. 

Consequently, given the aforementioned results, it is seen that most of benefits and life cycle costing 

parameters are open to variation as the literature suggests and that life cycle costing evaluation of green roofs 

can be described case-sensitive. In other words, industrial professionals and potential green roof customers 

should consider parameters and benefits specific to that case and then calculate the economic viability of their 

particular investments. Keeping all these issues in mind, this study may enable industrial practitioners and 

potential clients to have a useful source of economic, environmental, and social information about green roofs 

and researchers to encourage for more region-specific studies. 
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 Structural Equation Modeling (SEM) is an effective model improves 

and test technique which is explain the relationships between variables 

in mixed hypotheses related to statistical models and provide to test 

theoretical models as whole. SEM is an analyze technique that 

combined the multivariate statistical methods which has been used 

especially to analyze models in social sciences studies, psychology, 

sociology, education, economics and marketing. 

The aim of this study, to provide for researchers introducing the use of 

structural equation modeling in ecotourism and to explain model 

specifications in stakeholder analysis. There are given some 

definitions, evaluations of model fits, model structures, examples from 

the ecotourism and landscape planning using SEM and ecotourism 

model proposals from literature related to SEM methodology. In the 

conclusion section it will be given a model proposal and 

recommendations using SEM in ecotourism and stakeholder analysis. 
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1. Introduction 

Ecotourism is a type of tourism that includes visits to natural areas and special purposes such as landscaping, 

wildlife, wilderness exploration, observation and living, leaving as little impact on the environment as 

possible [1]. With the increase of people's education levels and environmental consciousness, travels 

especially in natural and culturally sensitive areas have been developing rapidly in recent years. These 

changes in the structure of international tourism demand increase the demand for ecotourism travels [2]. 

While participating in the activities of ecotourism, they witness the plants and other living things on the one 

hand, and on the other hand they have the opportunity to establish friendships with local people and to learn 

about their cultures and traditional life styles. The people of the region protect ecotourism as an inheritance of 

their natural richness while raising their economic levels with alternative incomes and job opportunities. In an 

ecotourism-focused planning process, ensuring more effective involvement of stakeholders in ecotourism 

activities is challenging as an effective resource management [3]. 

Interest in modeling structural equilibrium for model analysis is increasingly increasing in studies carried out 

in the field of social sciences. Structural Equation Modeling (SEM) is a method of analysis consisting of a 

combination of statistical methods that are used in many areas such as psychology, sociology, education, 

economics and marketing. Structural equilibrium modeling is an effective model testing and development 
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technique that can explain the cause-and-effect relationship of variables in mixed hypotheses related to 

statistical models and allows the theoretical models to be tested as a whole. 

The aim of this study is to conduct stakeholder analysis in participatory ecotourism planning, to identify 

stakeholders' perceptions of ecotourism and their attitudes, and to discuss the feasibility of structural equation 

modeling as a new approach to the solution of existing problems. The method of "Structural Equation 

Modeling (SEM)" which is an unused method in ecotourism planning in Turkey will be applied in 

participatory ecotourism planning and will have an important place in the future to fill the gap in the literature 

and studies on ecotourism. 

1.1. Ecotourism 

The phenomenon of ecotourism has emerged with the recognition of the potential benefit of people as a result 

of their curiosity towards nature [4].According to reference [5], the concept of ecotourism is a concept that 

comes to the agenda with the concept of sustainability. Ecotourism, which is the basis of conservation of 

ecological balance, has emerged as a result of sustainable development [6]. Ecotourism is a broader issue than 

the activities of tourists who are nature and environmentally conscious. Ecotourism is the whole of 

environmental, economic and social relations [7].  

According to [8], ecotourism is based on ecological sustainability approaching environmental and cultural 

values with a conservative and sensitive approach. According to [9], ecotourism is more than just tourism 

activity in natural areas. But the lack of a widely accepted definition of ecotourism and the lack of a common 

definition of features and dimensions that distinguish ecotourism from other types of tourism is the biggest 

shortcoming in this area [6].  In this respect, ecotourism is a type of tourism that has been described 

differently by different circles because of its different forms [10]. According to [11], ecotourism is a type of 

tourism that takes its natural history, including its local cultures. Ecotourists are those who visit natural areas 

without consuming natural resources and strive to protect this area [6]. According to [12], ecotourism is an 

educational journey to nature that contributes to the protection of the ecosystem and respects the existence of 

local people [6]. [13],  has introduced a different perspective to ecotourism by identifying ecotourism as 

recreational activities related to the natural history or natural life of an area such as bird watching, wildlife 

observation, whale watching, nature photography, plant survey which do not consume natural resources. 

The World Tourism Organization (WTO) and the United Nations (UN) Commission for Sustainable 

Development declared 2002 the "International Year of Ecotourism" and commissioned the WTO on this 

subject. The World Ecotourism Summit, held in Quebec, Canada, in May 2002, with the participation of 1,100 

delegates from 133 countries, attempted to identify a common definition adopted by all countries. 

Accordingly, ecotourism has been adopted as "an approach or attitude that protects the social and cultural 

integrity of the earth while assisting the economic development of the local people, securing the sustainability 

of the natural resources of the earth" [1]. According to this definition, the most important feature 

distinguishing ecotourism from other activities based on nature is the ecological sustainability and the aim of 

acquiring experiences based on education and learning [14]. 

The concept of ecotourism is concerned with the fact that the actual travel is helping to protect and develop 

the areas visited. Because ecotourism has a wide variety of elements, it is necessary to understand its structure 

first [2].In order to ensure long-term sustainability of ecotourism, it is necessary to take into consideration the 

basic elements of the structure of this tourism route (Figure 1). 

The work and thought partnership of local people, decision-makers, private sector, NGO's and scientists, 

indispensable stakeholders of ecotourism planning, is a process that can be applied and facilitated. 
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Figure 1. Basic elements of ecotourism [2] 

1.2. Structural Equation Modelling 

Structural Equation Modeling (SEM) is a method of analyzing the use of many fields such as psychology, 

sociology, education, economics and marketing in recent years and it is composed of multivariate statistical 

methods [15][16]. It is possible to come across many studies using SEM in the field of tourism abroad [17] 

[18] [19] [20]. It can be said that the use of SEM is very limited in the field of ecotourism planning, with 

many studies made in different branches of science in our country by using SEM [21] [15] [22] [23]. For this 

reason, it is possible to say that SEM is being used as a new method in the field of ecotourism in our country. 

SEM is basically based on the researcher's thoughts about a research topic by testing a model of inter-variable 

relationships that existed before the research is done with the help of the data obtained in the research result. 

The most significant difference between methods such as variance analysis (ANOVA), multivariate analysis 

of variance (MANOVA), factor analysis (FA), regression analysis, which are the most used statistical methods 

in SEM researches [22]. The main objective of the SEM is to explain the interdependency relationship pattern 

between the one or more observed variables and the implicit non-observable sets of structures[15] [24].  

It is stated that the three main components of the structural equation models (SEM) are historical development 

[24].  These components are path analysis, conceptual synthesis of structural models and measurement 

models, and finally general estimation processes. Historical development of SEM should be addressed through 

some statistical concepts on a historical level. These analyzes are regression analysis, path analysis, 

confirmatory factor analysis (CFA) and finally SEM [26] [23].  

The concept of confirmatory factor analysis (CFA) emerged in the 1950s. Karl Jöreskog developed the DFA 

in 1960 with his theoretical studies of whether or not the data set of a defined structure could be tested [25].  

FA is used to construct measurement instruments whereas CFA is used to test the existence of theoretical 

structures[23].  

SEM is mainly a general statistical methodology [27]. SEM uses road diagrams to show default models for 

causal relationships. Structural equation modeling was first recognized as "JKW" models because it was 

developed by Karl Jöreskog, Keesling and Wiley. It was later used as "Linear Structural Equation Models" 

with the development of the LISREL (Linear Structural Relations) program [28].[29] states that it would be 

better to call it "Factor Analytical Structural Equation Models" because SEM is based on FA. However, only 

the SEM concept has been used in recent years due to the use of nonlinear structural equality models [26][23].  

The most general form is a structural equation model, the measurement model and the structural model are 

two parts. The measurement model specifies how the hidden variables or theoretical structures are related to 

the observed variables and how they are represented. The structural model identifies the causal relationships 

between hidden variables and describes causal effects [21] (Figure 2). 
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Figure 2. Structural Equation model [30] [22] 

When the model is tested in SEM, many different criteria are used in evaluating the conformity of the created 

model. These measures are called goodness of fit indexes. There are a number of statistical functions that this 

goodness of fit index has. Similarity ratios between chi-square statistics (χ2), Root-Mean-Square Error 

Approximation (RMSEA), Goodness-of-Fit Index (GFI) and Adjusted Goodness-of-Fit Index [28]. 

Other fit measures of SEM include Parsimony Normed Fit Index (PFI), Parsimany Goondness of Fit Index 

(CFI), Comparative Fit Index (CFI), Incremental Fit Index (IFI), Relative Fit Index (RFI)[31]. Researchers 

using LISREL often use GFI, AGFI, RMSEA, CFI, and NNFI criteria as well as chi-square values in their 

studies [21][32]. In the AMOS analysis, the AIK (Akaike Information Criterion), CAIC (Consistent Akaike 

Information Criterion) and ECVI (Expected Cross Validation Index) model comparison indexes are used in 

addition to these criteria [33].  Table 1 summarizes the most commonly used metrics for evaluating the 

suitability of the SEM and the data for these metrics. 

Tablo 1. Evaluation of SEM’s Suitability[15]  [31]  [33].   

Fit Indexes Good fit Acceptable fit 

General Model Fit 

χ2 

(χ2/sd) 

 
0≤ χ2≤2sd 

0≤ χ2/sd≤3 

 
2sd ≤ χ2≤3 sd 

3≤ χ2/sd≤4-5 

Comparative Fit Indexes 

NFI 

NNFI 

IFI 

CFI 
RMSEA 

 

≥0,95 

≥0,95 

≥0,95 

≥0,97 
≤0,05 

 

0,94-0,90 

0,94-0,90 

0,94-0,90 

≥0,95 
0,06-0,08 

Absolute Fit Indexes 

GFI 
AGFI 

 

≥0,90 
≥0,90 

 

0,89-0,85 
0,89-0,85 

Conservative Fit Indexes 

PNFI 

PGFI 

 

≥0,95 

≥0,95 

 

- 

- 

Root Mean Based Fit Indexes 

RMR 

 

≤0,05 

 

0,06-0,08 

Model Comparison Fit Indexes 

AIC   Smaller values than the compared model 
CAIC Smaller values than the compared model 

ECVI Smaller values than the compared model 

2. Materials and Methods 

The data obtained by scanning the work material on ecotourism and SEM studies are the theoretical models 

that can be used in tourism and ecotourism studies. SEM methodology is used in analyzing the views, 

thoughts, perceptions, attitudes and perspectives of the interest groups. SEM can be used as an analysis tool in 
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this regard, given that the views of many interest groups need to be analyzed in ecotourism planning. SEM is 

used in some studies on tourism and ecotourism activities [34][35] [36] [37] [38] [39] [40] [41][42]. From this 

point, it is possible to transform the factors obtained from studies related to ecotourism through SEM into a 

theoretical model. 

3. Results and Discussuion 

When we look at the work done in the field of ecotourism in Turkey, it is seen that interest groups' perception 

about perception attitudes takes place [43] [44]. Factors that are effective in the ecotourism perception are the 

variables regarding the obstacles in front of ecotourism activities, attractiveness of ecotourism resources, 

resource development and management strategies. 

In order to analyze the stakeholders of ecotourism planning by using SEM, the ecotourism perception (EP) 

model which is theoretically developed, the obstacle in front of the application of ecotourism activities 

(OFAE), the degree of attraction of ecotourism resources (DAER), resource development (RD) and 

management strategies (MS). According to this, studies related to the subject can be examined and the 

Ecotourism Perception Measurement Model (Research Model) can be created as in Figure 3. 

 

Figure 3. Theoretical research model of ecotourism perception 

4. Conclusion 

It is seen that SEM is limited (10-20%) when it is used in the world literature from studies done in the field of 

social sciences [22].  This rate is much lower in our country. In recent years, SEM has been used in scientific 

fields such as statistics, economics, business, marketing, psychology, sociology in national articles and reports 

[21].  Since the use of SEM in ecotourism is very limited in Turkey, the use of SEM in solving socio-

economic problems and the continuing increase in such studies can provide significant contributions to the use 

of SEM in ecotourism and especially in solving socio-economic problems [45].  

With participatory ecotourism planning using SEM methodology, it will be possible to conduct scientific 

studies to develop the local people in place and to sustain the development by evaluating local potential. It 

will also be possible to obtain guidance on how the ecotourism sector should develop with different 

stakeholders in different land use policies and how it is likely to develop in future years. 

It is possible to use SEM as a method for solving problems related to ecotourism management. However, in 

the works to be done about SEM, the establishment of measurement and structural models requires a 

theoretical and statistical infrastructure. If this precondition is met, healthy results will be obtained from the 

work to be done. 
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Recently, Organic solar cells (OSC) have been increasingly utilized all over 

the world. The changes made in the organic components of the organic solar 

cells enable them to exhibit good features such as mechanical flexibility, 

lightness and high power generation efficiency even under lower light 

intensities. However, operational stability is an important parameter for 

organic solar cells. Despite the aforementioned advantages of organic solar 

cells, degradation in operational environments limits their use in harsh 

conditions. Studies have shown that the organic layer and the cathode layer of 

the OSCs are degraded by external factors, and this adversely affects the 

operational stability and productivity of OSCs considerably. The overall 

efficiency of an organic solar cell is defined as a function of life cycle and 

efficiency of energy generation. Therefore, the shorter the life cycle becomes, 

the lesser the overall efficiency of OSCs gets. Recent studies are focused on 

improving the operational stability and power generation efficiencies of OSCs 

by reducing the effects degradation induced by external factors, such as 

climatic conditions and thermal fatigue. The purpose of this study is to assess 

how organic solar cells work, how they degrade from external factors, such as 

water and water vapor, and how these parameters affect the operational 

stability as well as the efficiency of the organic solar cells. 
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1. Introduction 

This study is part of our researches and studies on renewable energy systems in identifying the problems in 

their utilization and seeking solutions to them. In this study we tackle the stability and degradation 

mechanisms of organic solar cells. Organic solar cells are very promising for their superior characteristics 

such as mechanical flexibility, lightness and high power generation efficiency even under lower light 

intensities. 

Recently, Organic solar cells (OSC) have been increasingly utilized all over the world. The changes made in 

the organic components of the organic solar cells enable them to exhibit good features such as mechanical 

flexibility, lightness and high power generation efficiency even under lower light intensities. However, 

operational stability is an important parameter for organic solar cells. Despite the aforementioned advantages 

of organic solar cells, degradation in operational environments limits their use in harsh conditions. Studies 

have shown that the organic layer and the cathode layer of the OSCs are degraded by external factors, and this 

adversely affects the operational stability and productivity of OSCs considerably[1]. 

mailto:ivoner@atauni.edu.tr
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The overall efficiency of an organic solar cell is defined as a function of life cycle and efficiency of energy 

generation, which is mostly referred to as Power Conversion Efficiency (PCE). Therefore, the shorter the life 

cycle becomes, the lesser the overall efficiency of OSCs gets. Recent studies are focused on improving the 

operational stability and power generation efficiencies of OSCs by reducing the effects of degradation induced 

by external factors, such as climatic conditions and thermal fatigue[1]. 

The main objective in solar cell researches is, for sure, to bring in solar systems having high power conversion 

efficiency. With the introduction of fullerene electron acceptors and other new approaches, organic solar cells 

have improved efficiencies remarkably in the last decade[1, 2]. On the other hand, the absorption band of 

OSC within the solar spectrum is now broader than ever[3]. The total yield from a solar cell is calculated by 

its efficiency multiplied by its lifetime. Therefore, not alone he high efficiency, but also the longer lifetime is 

important. And no doubt, in order for the lifetime to be longer, stability and degradation resistivity are 

important parameters that also affect their value (yield over cost) as current energy production is largely 

limited by the low durability.[1]In the recent years, by means of the changes made in the internal structure of 

the solar cells and thanks to the newly introduced synthetic materials, noteworthy improvements have been 

achieved in terms of operational stability of organic solar cells[1]. 

In recent years, numerous internal structures have been developed that can be less affected by degradation 

factors. In addition, improvements have been made to the operating stability and lifetime of OSCs operating 

under constant light intensity[4]. In modern OSCs manufactured with an aluminum-titanium top cathode 

layer, operational stability and efficiency is improved[1]. With this improvement, degradation rate of OSCs in 

air environment has been slowed down. 

The purpose of this study is to assess how organic solar cells work, how they degrade from external factors, 

such as water and water vapor, and how these parameters affect the operational stability as well as the 

efficiency of the organic solar cells. State the objectives of the work and provide an adequate background, 

avoiding a detailed literature survey or a summary of the results. 

2. Material and methods (Working Principle of Organic Solar Cells) 

Organic solar cells (OSCs) are considered to be a green solar energy technology. OSCs are attractive mainly 

because they can be fabricated from various organic compounds with modifiable structures and exhibit 

excellent flexibility, high power conversion efficiency (PCE) under low light irradiation, and promising see-

through power-generation windows. Over the course of the past few years, various aspects of organic solar 

cells have been extensively studied, including synthesis and application of new materials, modeling of 

physical processes, large-scale manufacturing, stability improvement, et cetera [5]. 

A single-junction OSC comprises five or six layers stacked on the surface of a supporting substrate, which is 

normally a piece of glass or transparent plastic. These five or six layers are as illustrated in Fig. 1. 

 
Figure 1.Comparative of a single-junction OSC comprises five or six layers 

An OSC consists of: 

• A transparent conductive electrode (Cathode, normally of indium-tin-oxide, mostly referred to as 

ITO),  

• Cathode buffer layer (CBL) (also known as electron-transport layer (ETL)),  

• one or two photoactive layers (PALs) composed of an electron donor and an electron acceptor,  

• Anode buffer layer (ABL) (also known as hole-transport layer (HTL)),  

• a top metal electrode (Anode, generally aluminum or silver), 

• and a supporting substrate (normally of glass or transparent plastic) 
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The HTL also functions as an electron-blocking layer, or an exciton-blocking layer. Similarly, the ETL may 

also function as a hole-blocking layer. For simplicity, buffer layers are denoted as HTL and ETL in figures 

throughout the manuscript. An extra encapsulation film is sometimes employed. The structure of these layers 

are shown in Fig. 1 [1]. 

In Fig. 2 the electricity generation, namely the working principle of an organic solar cell is illustrated. 

 
Figure 2.Photocurrent generation mechanism in active layers of an organic solar cell[6] 

How photocurrent is being generated in PAL of an OSC: 

1) The incident light reaches to OSC 

2) An electron is excited by the photon energy (E=hv), and it moves to the higher energy level 

(LUMO), forming a combination of an electron and an associated hole, an exciton.  

3) When an exciton does not reach an interface, it relaxes back into the ground state (loss mechanism) 

and no current is generated. Therefore, by diffusing to the donor-acceptor interface, the exciton 

transfers the charge at the interface to the electron acceptor, after which a free electron in the 

Acceptor and a free hole in the Donor is formed. This mechanism is known as the exciton 

dissociation.  

4) separated charges diffuse to the electrodes, namely the electron reaches the cathode while the hole 

reaches the anode. 

As a result of these four steps, an electric current flows in the opposite direction of the electron flow, namely 

from cathode to anode.So following challenges should be overcome in order for OSCs to be able to generate 

photocurrent[1, 7]: 

-Photons, which generates tightly-bound excitons instead of free charge pairs, should be absorbed 

-Since the diffusion lengths of excitons in organic semiconductors are low, donor-acceptor interface 

should be advanced and charge transfer be made; 

-Recombination of excited charges should be avoided at or before the donor-acceptor interface;  

-The cooling of hot charge-transfer excitons at the donor-acceptor interface should be prevented 

-The low or imbalanced carrier mobilities in semiconductors should be overcome. 

Classification of OSCs are generally made by whether the electron donor (D) and acceptor (A) layers are 

planar or intermixed, and are named as planar-heterojunction (PHJ) or bulk-heterojunction (BHJ), 

respectively. Illustrated in Fig. 3 is schematic views of these two different types of organic solar cells. The left 

hand side is the planar heterojunction organic solar cell, and the right hand side is the bulk heterojunction 

organic solar cells. 

 

Figure 3. Planar and bulk heterojunction organic solar cells 
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As you can see here, the acceptor and donor in the active layer are blended and dispersed one in another in 

bulk systems. So that they can be made thick enough for effective photon absorption without the difficult 

processing involved in orienting a layered structure while retaining similar level of performances. For the 

PHJ-OSCs, multiple layers of semiconductors are deposited in sequence.  

Looking at the application areas of solar cells, a single diode circuit design with two resistances is defined and 

Shockley equation is obtained. This circuit is described below, in Fig. 4. 

 
Figure 4. (a: [1]) Single diode solar cell under irradiance(b: [8]I-V curve of a solar cell in dark and under 

sunlight  

𝐼 − 𝐼0 ×  𝑒
𝑒×(

𝑉−𝐼×𝑅𝑠
𝑛𝑘𝐵𝑇

)
− 1 −

𝑉−𝐼×𝑅𝑠

𝑅𝑝
+ 𝐼𝑙𝑖𝑔ℎ𝑡 = 0 (1) 

It gives the I–V (current-voltage) characteristic of an idealized diode in either forward or reverse bias (applied 

voltage)In this equation, I is the diode current, V is the externally applied voltage, I0 is the current at 

saturation point, T is the temperature, Rs is the serial resistance, Rp is the parallel resistance, kB is the 

Boltzmann constant and I light is the light induced electrical current. The Rs in the series refers to the 

resistance of serial resistance semiconductors and the resistance to noise resistance of the connection 

electrodes. The Rs value should ideally be zero. If the Rs resistance is too high or Rsh has very low values, the 

solar cell will be damaged.Therefore, these parameters should be calculated using Eq. (1) and from the single 

diode I-V curve given in Fig. 4[1]. Moreover, the actual I-V curve for OSCs differentiates from the ideal I-V 

curve[9]Qi and Wang summarized factors influencing the open circuit voltage (Voc) and fill factor (FF) [10, 

11]. While open circuit voltage is also a function of a number of things such as temperature, irradiance and 

material microstructure, it is briefly determined by the difference between the energy levels where the exciton 

dissociation takes place. Figure 4.(b) shows the I-V curve along with FF, Voc and short circuit current, 

theoretical max power indications. FF loss is typically indicated by the appearance of the S-shaped I-eV 

curve, which is caused by the electric field formed by accumulated charges in devices. Scharber et al. 

suggested that a donor material with a HOMO of 5.4 eV, and a bandgap of 1.4 eV is most suitable for 

coupling with fullerene to achieve a theoretical PCE of upto 10% [12]. 

3. Degradation of Organic Solar Cells 

Degradation of organic solar cells refers to the deterioration in their operational capacity. This deterioration 

does not necessarily occur always in the chemical structure of the OSC’s. The degradations of OSC’s can be 

subdivided into two groups, degradation under the effects of internal structure and induced by external factors. 

The significant part of the degradation is caused by the ambient air. Mass transfer (diffusion) is a concern in 

both degradation types. For example, OSCs having metal-organic intermediates stored under inert atmosphere 

environment has been shown to suffer significant degradation.  
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Figure 5. Chemical structures of OSCs built using common semiconductors (a: [1]; b:[13]) 

In organic solar cells, oxygen and water are two basic external factors that cause degradation. In the literature 

these two factors are mostly discussed. Oxygen is thought to be a dominant degradation parameter in organic 

solar cells, which is explained in the following way. Firstly, the water is not easily penetrating to the interior 

of the OSC. Secondly, due to the structure of the electron transport layer (ETL), the effect of oxygen is more 

visible and it directly affects the operating efficiency of the OSC. Third, it worsens operating stability of 

conventional OSCs as a result of damaging metal-formed interface layers[1]. 

 

Figure 6. Degrading mechanisms of OSCs and their likelihood to occur by [14] 

Traditional OSCs would highly degrade under atmospheric conditions. Degradation Mechanisms and their 

likelihood of occurrence is given in the below table, which is taken from Solarmer Energy publications.As 

you can see, the high likelihood of occurrence is subject for Oxygen and Water along with the electron 

degradation. Therefore, as we tackle degradation from external factors, the only parameter to consider is water 

and oxygen. 

As for some other materials being used in OSCs, oxygen may offer an also constructive effect in terms of 

electronic properties, since oxygen is typically a p-type dopant in semiconductors [1, 15], and oxygen 

vacancies serve as electron donors[16]. For that reason, for layers wherein the majority carrier are holes, the 

electronic properties may temporarily be enhanced when exposed to oxygen. Lira-Cantu et al. fabricated 

inverted organic-inorganic hybrid solar cells (HSCs) with a structure of ITO/oxides/MEH-PPV/Ag, and found 

that applying the semiconductor oxides, such as ZnO, or TiO2, or Nb2O5, requires the presence of oxygen for 

the correct functioning of the semiconductor oxides as electron acceptors.[15] These HSCs degrade drastically 

under light irradiation in vacuum, but are partially recovered upon exposure to air.[1, 17] They proposed that 

the degradation is due to the removal of oxygen from the Nb2O5 surface under UV irradiation, whereas the 

recovery of performance in air comes from the reuptake of oxygen.[18]. Later, they proposed another oxygen-

related mechanism to explain the photo-activation of OSCs, in which ZnO was used as the ETLs. In this case, 

however, the photoconductivity of ZnO was proposed to be activated upon exposure to UV irradiation .[19] 

Oxygen-induced degradation in Organic solar cells is of external environment based degradations. This 

parameter is often discussed in the literature. Oxygen is dominant parameter in organic solar cells because of 

the factors given below: 

-While allotrope materials do not react with water, they can easily react with the oxygen in the atmosphere. 

For example, while aluminum exhibits high strength in aqueous media this behavior is not possible with 

oxygen in the atmosphere. 

-In allotrope materials oxygen can enter the electron transport layer very easily and lowers the operational 

efficiency of this layer.Improvements made on surface of metallic materials to prevent formation of pitting on 

these surfaces and hence the damage as a result of reaction with oxygen 

In the literature, it has been explained in many studies that this parameter cause degradation to a lesser extent 

when compared to oxygen. While surface of Aluminum is observed to exhibit a good passivity in dry air, 

degradation on the surface is observed in a humid environment, however the degradation is shown to be quite 

small when compared to the degradation rate of oxygen.[1] 
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Figure 7.Schematic illustration ofdegradation with oxygen and water 

OSCs manufactured in conventional architecture suffered severe degradation in air environment[20].  Later 

OSCs were begun to be produced with different techniques in order to reduce their susceptibility to hostile 

environments. And researches have revealed that a change in the planar and polar arrangement of the organic 

solar cells significantly reduce their vulnerability in such environments, and inverted OSC architecture was 

introduced. An Inverted organic solar cell is an OSC with its ETL and HTL is swapped along with the Anode 

and Cathode. Thus, we can classify the OSCs as conventional (anode directly on substrate) or inverted 

(cathode directly on substrate) according to which side is close to the substrate. 

 

Figure 8. A Conventional (a) and inverted (b) solar cell [21] 

The above Figure illustrates conventional and inverted organic solar cells.  Although conventional and 

inverted OSCs are quite different in structure, their working principles are essentially the same. But examining 

the performance of the inverted structure in OSCs, it was found to protect the OSC from rapid degradation 

caused by some external factors. 

Figure 9 shows the comparison of a conventional OSC and an inverted OSC in time domain. When this graph 

is examined, it will be seen that the sensitivity of the inverted OSC to this degradation parameter decreases. 

However, studies have shown that oxygen is still the fastest degrading parameter even for inverted OSCs[22]. 
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Figure 9. Comparison of Power Conversion Efficiencies of Conventional and Inverted OSCs[1]. 

The PEDOT:PSS component, which is the top layer of an inverted OSC, suffers significant degradation due to 

the phase change that oxygen causes[23]. 

According to Wang et al. they achieved a considerable improvement in CuPc/C60 solar cells, which they 

manufactured in a smaller molecular structure, by bringing it in a structure that is stable for 950 hours in the 

air environment[24]. They interpreted the reason to be that it takes longer for the moisture in the atmosphere 

to intrude the bottom layer of the OSC and diffuse into the PAL. In Figure 9, the Power Conversion 

Efficiencies (PCE) of OSCs with conventional (black) and inverted (red) architecture are plotted against time. 

4. Conclusion 

No need to mention again, OSCs should be stable, intrinsically and extrinsically. Furthermore, for the sake of 

flexibility, which modern solar cells really seem to need, ITO electrodes can be replaced with organic 

conducting materials, like PEDOT:PSS [25], or single-walled carbon nanotubes[26]. Finally, the organic 

semiconductors used in OSCs need to be chemically stable under solar irradiation[5, 27]. Stabilization of 

OSCs is structure dependent. In this section, we first briefly discuss a few ways of improving the intrinsic 

stability of OSCs, and then we discuss a few common ways of improving the extrinsic stability of 

conventional and inverted OSCs. Two general ways are to use metal oxides as the buffer layers, and silver as 

the top anodes. We further discuss two newly developed effective stabilization methods, with each only 

applicable to one type of structure. Titanium-aluminum can be used as the top cathode in conventional 

structures, whereas modified ITO can be used as the bottom cathode in inverted structures[1]. 

Degradation parameters have been found to have a significant impact on the operating stability of organic 

solar cells. In modern OSCs, these degradation parameters are tried to be minimized. Literature reports plenty 

of changes made to improve the operational stability of OSCs. In all these studies, the key is the development 

of a cathode-acceptor layer.  

When the structure of an Inverted OSC is examined, it is obvious that a buffer layer is aimed to be formed by 

using Indium Tin Oxide polymer material as a lower layer, and metals, such as Ag, in the upper layer. With 

this change, the effect of moisture in the atmosphere on degradation of a conventional OSCs has been 

significantly reduced for in inverted OSCs. As a result, and the changes made in the design and in the layer 

structure of the organic solar cells will minimize the degradation and increase the operating stability of the 

system. Thus, the energy yield from solar cells will be increased. 
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 Specific Gravity of the bitumen changes according to the ambient 

temperature. Different specific gravity values can be calculated at different 

temperature. Estimating models like Artificial Neural Network – ANN could 

be very useful to obtain the specific gravity value uniform. Specific gravity 

values obtained from Long-Term Pavement Performance – LTPP were 

estimated with artificial neural networks. Penetration and Penetration Index of 

binder were used for estimating the specific gravity of the bitumen. As a 

result, ANN get 84% of R2 between obtained and estimated values. Keyword: 
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1. Introduction 

Current practices for asphalt mix design and acceptance testing rely on volumetric properties. Vital to the 

calculation of mix volumetric properties are specific gravity measurements of the mixture and the aggregate in 

the mixture. Superpave mix design is getting popular day to day and more recognized by researchers. The 

volumetric analyses provide the basis for the Superpave mix design method. Specific gravity of the materials 

is essential to calculate the volume of the mixture.  

Specific Gravity of the bitumen changes according to the ambient temperature. Different specific gravity 

values can be calculated at different temperature. Estimating models like Artificial Neural Network – ANN 

could be very useful to obtain the specific gravity value uniform. 

Pavement researchers have been widely using ANNs in diverse subjects during the past decade. ANNs have 

been successfully used by researchers to predict/back- calculate pavement moduli by training the ANNs using 

deflection data from falling-weight deflectometers [1-3]. Tutumluer and Seyhan [4] estimated the horizontal 

and shear moduli by using confining and deviator stresses of triaxial test, deformation and aggregate 

properties. Lacroix et al. [5] used the resilient moduli data to predict the dynamic modulus master curve of 

asphalt mixtures. Some researchers predicted the fatigue life of pavements with ANN-based methods [6-7]. 

Tarefder et al. [8] used ANNs to predict permeability of asphalt mixtures by using mixture variables such as 

air voids, grain size, saturation and effective asphalt-to-dust ratio.  

Several researchers also developed models to determine the severity and type of the cracks with the help of 

ANN [9-12].  
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In this study, Specific gravity values obtained from Long-Term Pavement Performance – LTPP [13] were 

estimated with artificial neural networks. Penetration and Penetration Index of binder were included to the 

model. 

2. Materials and Method 

Data used in this paper is obtained from Long-Term Pavement Performance – LTPP [13]. For modelling 

these, penetration, penetration index and specific gravity data are get from the program. It’s tried to obtain a 

relation between these parameters using ANN.  

For predicting the specific gravity value of bitumen using ANN models, an appropriate selection of input 

parameters (neurons) is essential. There are two nodes in the input layer corresponding to two variables: 

penetration and penetration index of the bitumen. Model summary was seen in Table 1. 

Table 1. ANN Model for specific gravity 

Inputs Number of Neuron Number of Layers Model Output 

Penetration 

Penetration Index 
30-20-10 3 (2-30-20-10-1) Specific Gravity 

3. Research Findings 

The relationship between obtained predicted values and measured values using the developed ANN model is 

shown in Figure 1. As it is illustrated in this figure, the predicted values are very close to experimental results, 

and this indicates a strong correlation between the input and output parameters of the ANN model. The R
2
 

values that are used to determine the significance of the ANN model. 

From all parameters, 80% of parameters were selected as set of training randomly and the rest was selected as 

set of test (20%). Also the model was verified and tested. As seen from the Figure 1, training parameters were 

estimated as 100%, validation parameters were estimated as 98,6%, test parameters splitted by model were 

estimated as 98,5% and the all parameters were estimated as 92% of regression value by the model. 

 

Figure 1. Relationship between the actual and predicted values by ANN for training data, validation data, 

testing data, and all data. 
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Input parameters of test parameters were given to the model after the model was trained successfully and 

output parameters were predicted. Obtained estimation results were compared to the real test results (Figure 

2). Model predicted the test parameters successfully with R
2
 value of 84%. 

 

Figure 2. R
2
 graph for test parameters of model 

4. Results 

In this study, an ANN method was developed to model the specific gravity of the bitumen for varying 

penetration and penetration index values of the bitumen. The ANN model predicted the test parameters 

successfully with regression value of 98%. The result indicates that the proposed model can be applied in 

estimating specific gravity of bitumen. The model is further applied to evaluate the effect of different values 

of penetration and penetration index on specific gravity. 
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1. Introduction 

As a result of the structural transformations in economies after World War II and the rapid evolution of 

financial liberalization after the '80s, the importance of the economy has increased in politics and international 

relations. However, a robust economy, has become a significantly important weapon in the hands of the 

countries for being a center of power and balance in the international arena. Governments are constantly 

introducing new policies and new financial instruments to ensure stability alongside economic effectiveness. 

One of these instruments is the national wealth funds, which have different forms of practice in various 

countries. National wealth funds have been used for over 150 years, the real increase in the number of such 

funds has been experienced since 2000s. In addition to the quantitative increase, the expansion in economic 

size and the effective use of funds have led to intense debate in the perspective of the principles of budget 

unity and transparency in general. Despite this, more than 80 funds operate in more than 40 countries today. 

In this study, information about national wealth funds, their place in the country's economy and the Turkish 

Wealth Fund are given. In addition, the Turkish Wealth Fund is compared with wealth funds in other 

countries, and critics and suggestions are presented. 

1.1. National Wealth Funds and Purposes 

Although sovereign wealth funds have been used in more than 150 years in economy management, they have 

made a major leap since the 2000s. The first example of the wealth fund was created in 1854 by the Texas 

State Legislature in the context of private-public service. On behalf of the benefit of education and public 

schools, the Texas Permanent School Fund was established with $ 2 million in grants. The sale and acquisition 

mailto:fatih_guzel1990@yahoo.com
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of land owned by the state are shown as a source of funds [3]. In the present sense, national wealth funds have 

been operating since the 1950s and becoming increasingly important players in the international money and 

financial system. [4]. 

National wealth funds are used in different ways depending on socio-economic and cultural conditions [3]. 

The wealth fund is a pool of assets that are in the possession or control of the state, investing heavily in the 

assets of other countries [8]. Another definition is the state-controlled investment institution financed by the 

current surplus reserves of the country [5]. Although there are more explanations in the literature, there is no 

generally accepted definition. For this reason, it would be more descriptive to indicate common elements of 

wealth funds. Features that can be counted as common elements [29]: 

 National wealth funds are state owned. 

 The liabilities to the other side are very limited or none at all. This increases risk appetite. 

 It is managed separately from official foreign exchange reserves. Because investment objectives and areas 

are different from each other. 

 Most or all of the fund is invested in foreign assets. 

While some countries create more than one wealth fund for a single target, others use one fund to reach 

different targets [9]. Generally, the types of funds created by governments and the purposes they serve are 

listed as follows [14], [15]: 

 Stabilization funds: Countries with rich natural resources are set up to isolate the budget and the economy 

from the volatility of commodity (usually oil) prices. Funds are created for years with high fiscal year 

revenues and prepared for years when there is a downward trend. 

 Saving funds: Funds are established to transfer richness and wealth to future generations. Countries with 

rich natural resources are transferring savings funds obtained from non-renewable sources to an 

internationally diversified portfolio to transfer to future generations or to achieve other long-term goals. 

 Reserve investment companies: Funds set up to reduce the negative carrying costs of assets to be held as 

reserves or to monitor higher return on investment policies and to increase the reserve profitability. Often, 

assets in this context preserve the reserve nature. 

 Development funds: Funds set up to finance industrial socio-economic projects, such as infrastructure, or 

to support industrial policies that could increase the output growth of the country. 

 Retirement reserve funds: The provisions made for non-cocntingent pension liabilities (from sources 

other than private pension contributions). These funds are the source of reserves for payments that may 

arise from unpredictable dates and amounts of pensions.  

In summary, the main objectives of wealth funds are to assess savings effectively and in the long run, to 

protect the economy against crises, to reduce imbalances between economies, to provide economic prosperity 

to future generations and to increase the international effectiveness of the country [1][24]. 

Income from balance-of-payments, official foreign exchange transactions, privatization revenues, fiscal 

surpluses and / or commodity issues constitute the basis for national wealth funds. [18]. In order to establish 

the wealth fund, there is a need for income surplus than the source selection. Depending on the nature of the 

surplus resource, the funds may be subject to a general classification as commodity based or non-commodity-

based [32]. Commodity-based funds are based on the income generated from the exported assets. Natural gas, 

especially petroleum, copper and minerals are the commodities that provide resources for wealth fund. Funds 

that are not based on commodity are based on pension funds and foreign trade surplus, etc. 

1.2. The Place and Importance of the National Wealth Funds in the Economy 

The wealth fund will present a very high value added outcome, such as acquiring companies and managing 

global brands, expanding the current marketplaces, and providing competitive advantage with new 

information and technologies. Naturally, the return on such an investment is not limited to that. As a result of 

the trade made through this company, the company's customers, suppliers, and stakeholders in general terms 

will provide value added [26]. Another way to get a global company is to buy a company or merger. For these 

activities, large-scale funds are needed. One of the sources that have been actively used for economic 

development in the last half century is the sovereign wealth funds. Wealth funds differ because of systematic 

resource transfer from public savings, the ability to be a stabilization tool, and a longer-term investment 

horizon compared to other funds [31]. Company investments are not a goal for wealth funds, but rather a step 

where the fund rises above to its targets. Wealth funds aim to protect the income generated by the country's 

natural resources from political aspirations and conflicts and use it for the well-being of its citizens and future 
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generations. In addition, overvaluation of the country's money due to the surplus of income and the reduction 

of the competitive advantage of the country (Dutch Disease) are also indirectly a reason for the establishment 

of wealth funds [30].  

The past half-century and especially the 2000's, have been a period in which structural breakdowns for the 

world economy have experienced one after another and economic crises have affected long years. 

Governments have also established wealth funds as a stabilization tool, as well as taking a variety of measures 

to prevent or mitigate economic devastation. Sovereign wealth funds have been tasked with a breakwater 

mission, to prevent the volatility and crisis from worsening the economy. In Figure 1 [19], sovereign wealth 

funds are grouped according to the years they are established. After 2000, the increase in the number of funds 

is noteworthy. Two thirds of the sovereign wealth funds were established after this date. 

 

Figure 1. Sovereign Wealth Funds by Years and Region 

The reason for the rapid increase in the number of sovereign wealth funds in recent years is high natural 

resource and commodity prices. Moreover, governments' high foreign exchange reserves and fiscal resource 

policies are also supporting this increase. National wealth funds are, in essence, the symbols of the latest 

trends in the global political economy. These funds can be expressed as a demonstration of the transfer and 

distribution of the economic and financial power from the US, Europe and other developed industrial 

countries to countries where is less, and the increasing effectiveness of governments in managing the wealth 

and economic power of the world today [6]. Figure 1 also shows regional distribution of wealth funds 

established. In general, most of the funds are in the Middle East and Asia region, which is the majority of 

developing countries.Sovereign Wealth Funds shows that the ownership of capital in a globalized economy is 

dispersed to peripheral countries. In the global financial system, countries other than Japan, USA and 

European countries are now playing an active role [8]. In order to measure the impact of sovereign wealth 

funds on global financial markets the economic magnitudes of funds should be considered [29]. Table 1 

contains the top 10 funds having the largest economic size [19]. 

Table 1. National Wealth Funds Profile by Economic Growth (2016) 

Country Name of Wealth Fund Assets (Bil. US $) Inception Origin 

Norway Government Pension Fund - Global  870.81 1990 Oil 

China China Investment Corporation  813.8 2007 Non-Commodity 

UAE-Abu 

Dhabi 

Abu Dhabi Investment Authority  792 1976 Oil 

Suudi Arabia SAMA Foreign Holdings  576.3 1952 Oil 

Kuwait Kuwait Investment Authority  592 1953 Oil 

China SAFE Investment Company  474 1997 Non-Commodity 

China –Hong 

Kong 

Hong Kong Monetary Authority 

Investment Portfolio  

456.6 1993 Non-Commodity 

Singapore Goverment of Singapore Investment 

Corporation 

350 1981 Non-Commodity 

Qatar Qatar Investment Authority 335 2005 Oil&Gas 

China National Social Security Fund 295 2000 Non-Commodity 

Total (10)  5,555.51   

Total (All)  7,409.74   
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A comparison can be made to understand the economic magnitude of sovereign wealth funds. The total 

economic size of the funds is about 10% of the total gross domestic product of all countries and about 10 

times bigger than the Turkish economy [13]. With its growing volumes, wealth funds have faced investment 

allowances and management risks in the current global investment environment. Sovereign wealth funds are 

an important and growing investor class with one of the world's largest pools of institutional assets [17]. For 

this reason, the difficulties of managing their own portfolio lines are the biggest challenge for wealth funds. 

Figure 2 [17] shows the investment strategies of sovereign wealth funds. 

 

Figure 2. Sovereign Wealth Fund Asset Allocation, July 2016 

As shown in Figure 2, the ratio of active and passive management strategies in the management of sovereign 

wealth funds is very close. There can be many reasons for this. However, long-term prospects and applications 

is a major cause of the rise in the rate of passive management strategy. In addition, an important point in 

Figure 2 is that 70% of the wealth fund is invested out of the country where the fund is located and provided 

resource. However, almost all of the funds were directed to the industrialized countries. It seems that the 

investment preferences of wealth funds favor the areas where the free float ratio is high.  
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Figure 3. Investment Portfolio of Sovereign Wealth Funds (2014-2016) 

Figure 3 [20] provides more detailed information on investment allocations of wealth funds between the years 

2014-2016. When Figure 3 is examined, investment appetite for public stocks, fixed income instruments and 

hedge funds have decreased, and a steady increase in private equity corporate bonds, real estate and 

infrastructure investments have been experienced. However, the ratio of investors in infrastructure 

investments to the total number of investors in these areas is 75%. This ratio is 14% in real estate, 4% in 

private equity and 7% in other areas. This data shows that wealth funds are used as a means of stability and 

development in line with the general purpose of the establishment. The increase in the number of investors 

operating in social infrastructure also supports this idea. More than half of wealth fund investors are more 

interested in investments in energy, transportation, utilities, water, communications, natural resources, health 

care, road and port. 

Sovereign wealth funds have become quite a big economy by the end of the 2000s. The lack of an audit 

framework, which is caused by the fact that the funds are excluded from many regulations due to their 

economic size and legal structure, has been a matter of concern. In order to overcome for these concerns, The 

International Working Group of Sovereign Wealth Funds has been established as a result of negotiations with 

global groups such as the IMF, the FED and the G20 countries. In 2009, the institution changed its name as 

International Forum of Sovereign Wealth Funds. In 2008, the Institution published the "Generally Accepted 

Principles and Practices" statement known as "Santiago Principles" in the context of corporate governance and 

risk management [25]. The Forum will contribute to the development and maintenance of an open and stable 

work environment and thus support the four guiding objectives underlying the Santiago Principles. These 

objectives are [12]: 

• Assisting in the free circulation of capital, investments and the preservation of the stability of the global 

financial system, 

• To fulfill the valid, explanatory and regulatory requirements of the invested country, 

• Invest in risk and return based on economic and financial factors, 

• To have a transparent and sound management structure that ensures adequate operational control, risk 

management and accountability. 

The Santiago principals are based on volunteerism and are not internationally binding. However, it is a 

prerequisite for entry into US and European markets. Therefore, funds strive to comply with the relevant 

principles [8], [21].All funds within the sovereign wealth fund do not comply equally with the Santiago 

Principles. For this reason, an index has been developed by Carl Linaburb and Michael Maduell in the 

Sovereign Wealth Fund Institute (SWFI), a pioneer in research and documentation on wealth funds, to 

measure the level of information sharing with the public [11].The index is referred to by its founders and is 

known as the Linaburg-Maduell Index. The index is used globally, is included in annual reports of funds, and 

functions as a standard global benchmarking tool. The index consists of 10 items and each item is worth one 

point [16].  
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2. Turkish Sovereign Wealth Fund 

The Turkish Wealth Fund (TWF) was established on the date of publication in the Official Gazette on August 

26, 2016 by the Law No. 6741 "Amendment of the Law on the Establishment of the Turkish Wealth Fund 

Management Joint Stock Company". Information on TWF's purpose, scope, management and supervision, 

resources and economic size are given below. 

2.1. The Turkish Wealth Fund's Purposes and Field of Activity 

The aims of TWF [23] are: 

 To contribute to the diversity and depth of the capital market instruments, 

 To bring in the assets belonging to the public in the country into the economy, 

 To provide foreign investment, 

 To establish and manage subsidiary funds in order to participate in strategic and large-scale investments. 

With the establisment of the fund, in addition to the above mentioned items, the law draft submitted to the 

Grand National Assembly of Turkey (TGNA)with not being included in the text of the law and legislative 

intention [22], it is targeted that: 

 An additional 1.5% increase in growth rate over the next 10 years, 

 Acceleration of growth and deepening of capital markets, 

 Dissemination of the use of Islamic finance instruments, 

 Additional employment for hundreds of thousands of people with investments to be made, 

 Ensuring that domestic players are supported by capital and projects in technology-intensive strategic 

sectors such as defense, aviation and software, 

 Financing of large infrastructure projects without raising public sector debt, 

 Increasing the share of participation finance sector, 

 Direct investment in strategic sectors such as natural gas and oil, which are important for Turkey in order 

to ensure security of supply, without being subject to legal and bureaucratic restrictions. 

In addition, the fund has been assigned to be an instrument to contribute to overcoming the structural 

problems of the Turkish economy and to enhance the effectiveness of Turkey at the international level. Within 

the scope of Article 2 of Law No. 6741, the transactions that can be made by TWF considering the liquidity, 

investment, risk and return preferences in order to reach its targets are as follows: 

 Purchase and sale of  the shares of domestic and foreign companies, the shares of the issuers in Turkey and 

abroad and the debt instruments, the capital market instruments issued based on precious metals, fund 

participation shares, derivative instruments, lease certificates, real estate certificates, custom designed 

foreign investment instruments and other instruments, 

 All kinds of money market transactions, 

 Evaluation of real estate, rights based on real estate and all kinds of immaterial rights, 

 All kinds of project development, project based resource creation, external project loan provision and other 

methods of providing resource, 

 All kinds of commercial and financial activities are carried out at national and international primary and 

secondary markets. The company may participate with national investments to the investments to be made 

in other countries and / or foreign companies in the international arena. 

2.2. Management and Supervision of the Turkish Wealth Fund 

The TWF is directly linked to the Prime Minister for management. The president, members and general 

manager are appointed by the Prime Minister in the board of directors consisting of at least five members. As 

the appointment criteria, the president, members and general manager are required to have experience more 

than five years in at least one of the fields of economy, finance, law, finance and banking. 

Sub-funds within the TWF will be managed within the framework of a three-year strategic investment plan, 

which is prepared by the company and the board of directors and is in force with the approval of the Council 

of Ministers. The organization, structure, functioning, management and transactions of TWF related funds 

shall be determined within the provisions of TWF's internal regulations and company's articles of association. 

[23]. The Board of directors meetings can be held with the absolute majority of the total members. The 
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decisions of the board of directors may be taken by the absolute majority of the members attending the board 

meetings [1]. 

TFV management has the obligation to comply with the corporate governance principles and regulations 

under the Capital Markets Law No. 6362. TWF and its sub-funds will be subject to independent audit. 

Financial statements of the TWF, sub-funds, company and affiliated companies will be audited by at least 

three central auditors appointed by the Prime Minister. These auditors are specialized in capital markets, 

finance, economy, treasury, banking and development. Prepared report as a result of the audit is presented to 

the Council of Ministers by the end of June every year and is examined annually in October by the Planning 

and Budget Commission of the TGNA through audit reports [23]. With this arrangement, a triple control 

mechanism is ensured. 

TWF management is structured as a joint stock company in the private company status. It is subject to the 

Law on the Chamber of Accounts, the Civil Servants Law, the Public / State Procurement Law, the laws on 

privatization, the laws of the State Economic Enterprises (SEEs), and the law on the Supervision of the TGNA 

on Funds and SEEs. In addition, the fund is exempt from VAT and not subjetct to the Capital Markets Law, 

the Competition Law and income tax, corporation tax, real estate tax, stamp tax, bank and insurance 

transaction tax, resource utilization support fund withdrawal and some transactions [1]. 

2.3. Resources and Economic Size of TWF 

The capital of the TWF management company, which is TL 50 million , was provided by the Privatization 

Fund. Full paid capital stocks belong to the Privatization Administration. On 24 January 2017, TL 3 billion 

belonging to the Industrial Support Fund was transferred to TWF on condition of reimbursement for three 

months' usage. On January 31, 2017, certain entities and treasury-owned real estate were transferred to the 

wealth fund [2]. Table 2 lists the companies transferred to TWF. 

Table 2. Transferred Corporations to the Turkish Wealth Fund (February 2017) 

Corporations Treasury Shares 

(Transferred assets) 

Capital Assets 

T.R. Ziraat Bankası Inc. 100,00% TL 5.100.000.000  TL371.881.925.000
1
 

Halkbank Inc. 51,11%  TL 1.250.000.000  TL237.726.267.000
1
 

BOTAS Petroleum Pipeline 

Corporation 
100,00% TL 4.145.000.000  TL20.312.158.318

2
 

Turkish Petroleum 

Corporation  
100,00% TL 3.000.000.000  TL10.981.613.631

2
 

Turkish Post Inc. 100,00% TL 981.530.194  TL3.980.492.637
2
 

Borsa Istanbul Inc.  73,60%  TL 423.234.000  TL7.873.409.000
2
 

Turkish Airlines Inc. 49,12%  TL 1.380.000.000 TL47.638.000.000
2
 

Turk Satellite Communication 

Cable TV and Operation Inc. 
100,00% TL 1.474.816.334  TL1.980.870.355

1
 

Turk Telecom Inc. 31,68% (6,68%) TL 3.500.000.000 TL26.874.451.000
1
 

Eti Mine Works 100,00% TL 600.000.000  TL3.037.800.000
2
 

Caykur 100,00% TL1.492.400.000 TL2.072.400.000
2
 

TOTAL   TL 23.346.980.528 

(=$ 6.342.909.294) 

TL734.359.386.941 

(=$ 199.510.809.319) 
1
= 2016  

2
= 2015 

In addition to the companies listed in Table 2, all winning games licenses owned by the National Lottery are 

transferred to the TWF. Authorities of the Turkish Jockey Club for domestic and international joint bets and 

real estates owned by them are also transferred to TWF. In addition to this, the allocations on 46 public 

buildings in Antalya, Aydın, Isparta, Istanbul, İzmir, Kayseri and Muğla totaling 2,292,815 square meters 

were canceled and transferred to TWF [2]. At present, the wealth fund has TL 23 billion of equity capital and 
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reached TL 734 billion in asset size. With an asset size of approximately $ 196 billion and a large number of 

real estate, TWF can be seen as one of the attention grabbingfunds among world wealth funds. 

3. Comparison of The Turkish Wealth Fund with Other Wealth Funds 

TWF is different from the world's examples both quantitative and qualitatively. TWF will use the 

securitization of publicly owned companies, public properties, revenues from privatization transactions, and 

transactions to be carried out in the capital market as resources. However, when we look at the applications in 

the world in general, it is seen that the source of wealth funds is the budget surplus, trade or commodity export 

revenues such as oil, mineral resource, natural gas. In terms of the resources, it is obvious that TWF follows a 

different path from the examples in the world. But the lack of capital and technology are the biggest problems 

experienced by developing countries. TWF is a major capital resource. The Fund will support technology-

intensive sectors such as defense, aviation and software, and will provide an opportunity to increase 

competitive advantage by providing high know-how with international partnerships and to raise the country's 

upper middle income to upper income level [10]. 

Wealth funds are generally established for saving. The goal is to allocate resources in the years when 

economic welfare is experienced, and to support prosperity in the years when it is reduced. Another objective 

is to transfer income from resources will be exhausted future generations and to share it with them. TWF will 

serve as an inexpensive outsourcing tool for the financing of very large-scale investments to be made [27]. 

Clearly, TWF does not have the essence of wealth funds, because it carries expenditure fund features instead 

of a savings fund. However, among the targets, the diversity of instruments in the capital markets and the 

importance given to Islamic finance applications, both the fund and the private sector will be able to reach 

cheaper financing sources at national and international scale. In addition, the fact that Islamic financial 

institutions in Turkey can directly reflect national transactions on international market shares will increase the 

efficiency of the sector. It is a good decision to support this sector which has not received open support by 

public until today. However, it is a fact that these goals do not match with the practice in the world. 

Supporting Islamic finance by increasing the share of participation banks is not among the objectives any 

other wealth fund. 

In terms of auditing, TWF differs from other funds in the world. Given the international framework is 

generally true as the application that independent audit firms take part in the supervision. However, 

supervision with three auditors appointed by the Prime Minister is of concern in two respects. The first is that 

both the management and the control mechanism are managed from the same hand, which is an application 

open to misconduct. The second is that the number of central supervisory staff is at least three. The adequacy 

of a three-person team should be questioned to supervise an enormous economic organization of TL 734 

billion. Moreover, the fact that these supervisory auditors are public servants contradicts the independence 

principle of the supervisor. Instead of leaving the audit duty of the Fund to the TGNA and sending the audit 

reports directly to the TGNA, it is a more correct approach to leave the audit to the Chamber of Accounts 

[28].  

The most criticized point is contrariness to the principle of unity of the budget. In the general applications of 

wealth funds in different countries income is transferred to the fund, while TWF has income generating 

sources directly. The negative effects of the multi-budget system were evident at the beginning of the 1980s, 

1990s and 2000s, and the effects of separately funded funds in the crisis have been discussed for many years. 

The disadvantages of this system are the reduction of income of the central budget, the loss of expenditure 

priorities [32].  At this point, it is vital that the fund management should constitute and implement the three-

year strategic investment plan in a budget-supporting manner. 

Companies with very different qualities from different sectors have been transferred to TWF as resource. This 

situation differs from other wealth fund applications. The fact is that the Fund has unfair competitive 

advantage over the market forces during the activities it will undertake when considering the diversity of 

activities and the exempted laws. For example, where will the banks in the portfolio be located in the 

regulations of the Banking Regulation and Supervision Agency (BRSA), how will the Capital Market Law be 

operated in the process of securitization of assets and how will their income be taxed? There are serious gaps 

in terms of legal regulations [7]. It is extremely important that the relevant legal regulations should be made as 

soon as possible. 
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4. Conclusion 

Wealth funds, established for a wide variety of purposes, are generally endeavoring to support the economy 

and increase the level of prosperity. Regardless of the level of development, many countries are benefiting 

from wealth funds. Turkey has established a sovereign wealth fund in order to provide funds for strategic and 

large scale investments in general. The companies that are transferred to the fund are the locomotive firms of 

their sectors and make profit in large quantities. Therefore, transferred assets and companies can be 

considered as the most valuable companies of Turkey. The Fund may provide a high amount of credit from 

the market under appropriate conditions by showing these assets as collateral. In addition to cash return gained 

from these credits through effective evaluation of market conditions, it is possible to obtain value added such 

as diversification of market and customer portfolio with international investments to be made. 

However, the current regulations concerning the selection and supervision of the management cadre are the 

greatest handicap in terms of the effectiveness of the fund and its independent implementation of its policies 

in line with macroeconomic developments. The fact that the fund management is seen as a unit attached to the 

executive authority is the greatest danger in terms of fund independence, success and impartiality. 

Independence is an important threshold for success. At this point, at least one of the management and 

supervision mechanisms seems to have been passed to the Assembly by the Prime Minister. 

Besides the establishment and supervision of the Fund, management at international standards is important in 

terms of the enforcement of the investments to be carried out and the markets in which they can be influenced. 

The press conference and the written explanations emphasize the adoption of the Santiago Principles. This has 

a key prefix for entry into European and US markets, where value added is high. With the transparency and 

professional management to be provided in accordance with the principles, the fund will be able to achieve its 

stated objectives. 

Turkey has a great opportunity with TWF. In today's turbulence macroeconomic environment, a structure that 

will support the economy has become compulsory. However, the fact that such a large economic organization 

operates separate from treasury may be regarded as a deviation from the budgetary unity which is one of the 

cornerstones of economic stability. As a result, Turkey's international voice may be louder, while using the 

resources efficiently it has. The Turkish Wealth fund's activities in the free market, not in the midst of political 

conflicts, have a vital importance to the success of the fund. 
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 As the strategy of waste-management, it is very important to ensure that waste 

materials are recycled and reused in different industry in order to protect the 

ecological environment and there are so many initiatives related to this 

subject. Especially in the textile industry, recycling of PET bottle waste into 

recycled polyester fiber (r-PET) has made a difference in the industry to 

reduce load on environment pollution. In addition, it contributes to reducing 

the fossil fuels sources, water and energy which is the required amount in the 

production of synthetic polymers. With supporting these attempts, we have to 

fulfill our social responsibility in order to preserve the ecological balance. 

This study aims to compare the tenacity and elongation properties of ring spun 

yarns produced from r-PET fibers recycled from waste PET bottles and cotton 

fiber at different blend ratios. Besides, virgin PET fibers were also used to 

conduct the difference between recycled and virgin fibers. Both r-PET and 

virgin PET fibers were blended with cotton as 100%, 70%/30%, 50%/50% 

and 30%/70% ratios. All production parameters were constant to determine 

the effect of raw materials on yarn tenacity and elongation. Results showed 

that ring spun yarns containing r-PET fibers had lower tenacity and elongation 

than virgin PET. On the other hand, the quality parameters of r-PET fibers can 

be improved by technological developments, and so they will be preferred to 

preserve the ecological balance. 
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1. Introduction 

Nowadays, climate change has serious problem for all over the world. To overcome this problem some 

attempts have been performed by governments to minimize waste generation or reuse wastes.  Polyethylene 

terephthalate (PET) bottles are produced from raw petrochemical products and waste after use has not affect 

environment directly. On the other hand, the increasing volume of PET bottle waste causes economical and 

environmental problems unless to be recycled [1]. But it is becoming critical problems, besides environmental 

and economic awareness, legislations has started to minimize the solid residues [2]. Meanwhile, recycling of 

post-consumer PET bottles has become a well-established system with its own logistic chain including bottles 

collection, flake production and pellet production [3]. Besides, recycling of PET bottles leads to decrease 

waste problem and use of raw petrochemical products, water and energy. Furthermore, it has been 

approximated that PET bottle recycling gives a benefit in greenhouse gas emissions of 1.5 tons of CO2 per 

tones of recycled PET [4]. On the other hand, recycling of PET bottles and using in textile industry give 

textile products an added value [5,6]. Recycling processes which can be mechanical or chemical are the best 
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way to reduce PET wastes into reused forms economically [7-10]. Furthermore, recycling process does not 

reduce cost but it is essential to conserve ecological balance. 

PET bottles can be easily separated from other wastes, some additional processes are needed ie. breaking, 

washing, drying to obtain PET flakes. r-PET fibers to be used in textile industry are produced by melt 

spinning system from PET flakes. This recycled product can easily be adapted to textile product production 

instead of virgin PET. Approximately 60% of recycled PET polymer is used in the production of PET 

filament and staple fiber, this situation shows how important industry of textile [6]. Some researchers have 

focused on the usability and adaptability of r-PET fiber in textile industry [7,11-16].  

This study aims to determine and compare the effect of using r-PET fiber with different blend ratio on ring 

spun yarn tenacity and elongation. At this respect, r-PET and virgin PET fibers (PET) were blended with 

cotton fiber at 100%, 70%/30%, 50%/50%, 30%/70% ratio, separately. Yarn samples were manufactured by 

ring spinning system and all production parameters were kept constant to evaluate the effect of blend ratio and 

raw material variables. 

2. Materials and Methods 

This study was achieved as cooperation with Gama Textile Company in Gaziantep/Turkey. r-PET fiber were 

produced by collecting, rating, washing and breaking, drying and reducing the size of PET bottles to obtain 

PET flakes. Then, PET flakes were converted into r-PET fiber by melt spinning process. The properties of     

r-PET fiber, virgin PET fiber and cotton fiber were given in Table 1. Fibers were weighted according to blend 

ratio and blended with sandwich blend method at the beginning of the blowroom. In the process order of the 

yarn production, carding, three passage drawframe, roving processes were carried out. 656 tex slivers were 

used and 19.7 tex yarns with αe = 3.39 (730 TPM) twist level were produced as 100% r-PET, 100% virgin 

PET and cotton blends (70%/30%,50%/50% and 30%/70%) by ring spinning system at 13.500 rpm spindle 

speed. 100% cotton ring spun yarn was manufactured with αe = 3.71 (800 TPM) twist level at the same 

spindle speed.  

Table 1.Properties of raw materials 

Properties 
Raw Material 

r-PET PET Cotton 

Fineness, dtex 1.30 1.30 1.70* 

Length, mm 38 32 31.98 

   *4.32 Micronaire (dtex cotton=Micronaire*0.394) 

 

All yarn tests were carried out after conditioning the specimens in a standard atmosphere at 20±2 °C 

temperature and 65±4% relative humidity for 24 hours according to the standard of BS EN ISO 

139:2005+A1:2011. Tenacity and elongation measurements of yarn samples were achieved with Uster® 

Tensorapid-4 according to BS EN ISO 2062:2009. Ten tests were performed in each 4 bobbins and reported 

values represent the average of those test results.  

SPSS 22.0 package program at 95% confidence interval was used for multivariate analysis of variance 

(MANOVA) in order to determine the significance effect of raw material and blend ratio on yarn tenacity and 

elongation. Furthermore, Duncan’s new multiple range test was provided in order to compare the difference 

between the means of treatment subgroups of blend ratios in analysis of variance was provided at significance 

level of 0.05. 

3. Results and Discussion 

In Figure 1, tenacity of yarn samples composed of PET/CO and r-PET/CO at different blend ratio is shown. It 

is obvious that yarns containing virgin PET fiber have higher tenacity than that of r-PET fiber. This decrease 

was expected because of the lower tenacity of r-PET fibers than PET fibers [13,16]. On the other hand, the 

increase in the synthetic blend ratio leads to higher tenacity of yarns both containing virgin PET and r-PET 

fibers. It is seen that, 50%/50% r-PET/CO blend yarn tenacity is lower as 1.81 cN/tex than 30%/70% r-

PET/CO yarn tenacity. 

Elongation at breaks histograms are illustrated in Figure 2. In all blend ratios of r-PET and PET fibers, it is 

seen that synthetic fibers contribute the elongation with respect to CO yarn. The results contributed with the 
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information already present in the literature [13,16]. It can be probably said that yarns produced with 100%  r-

PET yarn have highest result than 100% PET yarn. 

MANOVA analysis of dependent variables (tenacity and elongation) between subjects is given in Table 2. 

Raw materials and blend ratio have a significant effect on breaking strength at α = 0.05 confidence interval.  

 

Figure 1. Tenacity of yarns 

 

Figure 2. Elongation of yarns 

The coefficient of variation (R
2
) is a measurement of “goodness of fit” and ranges from “0” to “1”.Analysis 

explains about 94.8 % of the variability in yarn tenacity for all yarn samples and it is evaluated as statistically 

significant for all independent variables (p<0.05). On the other hand, the effect of raw materials on yarn 

elongation is not found statistically important (p=0.462). It can be said that the elongation of r-PET and virgin 

PET blended yarns are close to each other and there is no difference statistically. Besides, blend ratio has 

statistically significant effect on yarn elongation. R
2
 is determined as 93.1% with the high value. 

From pair wise comparison of the mean tenacity, using Duncan tests, results at a significance level of 0.05 for 

blend ratio parameter trend is observed that the higher blend ratio of PET and r-PET raw materials (70%/30% 

and 100%)yarns has the higher tenacity than CO yarn which is represented as “0%” blend ratio (Table 3).It is 

clearly seen in Table 3, there is no significant difference between at 30%/70% and 50%/50% blend ratios 

(p>0.05). Table 4 illustrates Duncan’s multivariate range test results of the mean elongation at a significance 

level of 0.05.  The higher the PET or r-PET blend ratio the higher the elongation at break of ring spun yarn is 

obtained and also 100% CO yarn has the lowest elongation value. 

Table 2. MANOVA results of between subject effects  

Source 

Dependent 

Variable 

Sum of 

Squares df 

Mean 

Square F Sig. 

Corrected Model 
Tenacity, cN/tex 1169.208

a
 9 129.912 60.561 .000 

Elongation, % 240.039
b
 9 26.671 45.271 .000 
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Intercept 
Tenacity, cN/tex 10774.806 1 10774.806 5022.900 .000 

Elongation, % 2721.510 1 2721.510 4619.410 .000 

Raw materials 
Tenacity, cN/tex 294.415 1 294.415 137.248 .000 

Elongation, % .328 1 .328 .556 .462 

Blend ratio 
Tenacity, cN/tex 706.663 4 176.666 82.356 .000 

Elongation, % 205.944 4 51.486 87.391 .000 

Raw materials* 

Blend ratio 

Tenacity, cN/tex 168.130 4 42.033 19.594 .000 

Elongation, % 33.767 4 8.442 14.329 .000 

Error 
Tenacity, cN/tex 64.354 30 2.145 - - 

Elongation, % 17.674 30 .589 - - 

Total 
Tenacity, cN/tex 12008.369 40 - - - 

Elongation, % 2979.223 40 - - - 

Corrected Total 
Tenacity, cN/tex 1233.563 39 - - - 

Elongation, % 257.713 39 - - - 

a. R Squared = .948 (Adjusted R Squared = .932) 

b. R Squared = .931 (Adjusted R Squared = .911) 

Table 3. Effect of blend ratio on tenacity;based on means observed. Error term is the mean square 

(Error)=2.145. a.Uses harmonic mean sample size = 8.000, b. Alpha = 0.05 

Duncan
a,b

 

Blend ratio N 
Subset 

1 2 3 4 

0% 8 10.48    
30%/70% 8  14.23   
50%/50% 8  15.29   
70%/30% 8   19.57  

100% 8    22.50 

Sig.  1.000 .156 1.000 1.000 

Table 4. Effect of blend ratio on elongation; based on means observed. Error term is the mean square 

(Error)=0.589. a.Uses harmonic mean sample size = 8.000, b. Alpha = 0.05 

Duncan
a,b

 

Blend ratio 
N 

Subset 

1 2 3 4 5 

0% 8 4.9025     
30%/70% 8  6.8663    
50%/50% 8   8.3163   
70%/30% 8    9.6375  

100% 8     11.520

0 Sig.  1.000 1.000 1.000 1.000 1.000 

4. Conclusion 

This study was focused on the effect of raw materials and blend ratio of r-PET and PET containing CO ring 

spun yarn at finer count (Ne 30/1) on yarn tenacity and elongation. It was concluded that blend ratio has 

statistically significant effect on yarn tenacity and elongation. All these results showed that apparel containing 

r-PET fiber must be taken into consideration which has an alternative to virgin PET fiber in some aspect. It is 

not be denied that some attempts have been done by using r-PET fiber in order to contribute the ecological 

balance. The price of r-PET fiber is similar to virgin PET fiber because of the essential processes to degrade 

and recycle PET bottle. It is clear that despite the cost the consumption of ecologically friendly r-PET fiber 

seems to be seriously increased. 
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 Although carpets are seen as decorative products for consumers, it is 

important that they must have optimum quality performance. The most 

important features affecting quality performance are pile fiber, pile yarn, pile 

height, pile density, carpet surface structure (cut pile or loop pile), carpet 

construction etc. During usage the carpet are exposed to a number of forces 

due to compressional loading such as dynamic or static. To counteract these 

forces, the resilience of pile yarn is vital. This paper demonstrates the 

influence of pile density and pile height of structure parameters on 

compression performance which was exposed to dynamic loading. In that 

respect, acrylic fiber was used as pile to manufacture Wilton face-to-face cut-

pile carpets at two pile densities (2400 piles/dm
2
, 2880 piles/dm

2
) and three 

pile heights (7 mm, 11 mm and 16 mm). To determine the compression 

properties, carpets were subjected to dynamic loading at 50, 100, 200 and 

1000 impacts. Thickness of carpets was taken at each of these four impacts. 

Finally, thickness loss of carpets as well as compression performance was 

detected. In order to identify the effect of pile density, pile height and number 

of impact on thickness loss of carpet after dynamic loading, analysis of 

variance was performed statistically. Results showed that pile height, pile 

density and number of impact have statistically significance on compression 

performance of carpet samples. 
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1. Introduction 

Carpet is predominantly used in home floor covering as an indispensable decorative product and also 

preferred by its heat and sound insulation feature. Compression performance in general terms of mechanical 

properties influences carpet performance under dynamic or static loads. Carpet thickness will be deformed 

when it is exposed to dynamic and static loads which are created by walking and furniture, respectively. 

During daily usage of the carpet, thickness loss is directly affected by raw material, pile height, carpet 

construction, pile density etc. There are a lot of studies focused on effects of these parameters on carpet 

performance based on static loading, dynamic loading and compressibility [1-15]. Javidpanah et al. studied 

cut-pile carpets made of heat process modified polyester pile yarn thickness loss of cut-pile carpets after 

dynamic loading. Four different 1800 denier and 96 filament in the cross section of air textured polyester pile 

yarns; normal, frieze, heat set and twist heat set were used as pile yarn. In order to analyze the carpet 

compression performance 50, 100, 200, 500, 1000 and 2000 dynamic impacts were acted on carpet samples. It 

was stated that physical and mechanical properties of air textured polyester pile yarns do not havesignificant 

changes after heat processing [4]. Çelik and Koç investigated on some selected carpet samples made of wool, 
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acrylic and polypropylene pile yarns to evaluate the performance of carpets under dynamic loading. In this 

study, carpets were exposed 50, 100, 200, 500 and 1000 dynamic impacts and then thickness losses were 

analyzed. They put forward that an increase in the number of impacts increase the thickness loss. It was found 

that acrylic fiber carpet had highest recovery capability than wool and polypropylene fiber carpets [13]. Çelik 

determined the effect of acrylic fineness, 2.75 denier, 6 denier and 8 denier, on carpet performance. Among 

the all analyses in order to identify carpet performance, dynamic loading tests were performed under 50, 100, 

200, 1000 and 2000 impacts. It was resulted that acrylic fiber fineness had significant effect on thickness loss 

of carpet samples. The highest thickness loss was detected at carpet sample produced from acrylic pile yarn 

with 2.75 denier fiber fineness [8].  

The aim of this study is to investigate the influences of pile height and pile density on woven carpet 

compression performance under dynamic loading with 50, 100, 200 and 1000 impacts. To determine the 

relationships between independent variable (pile height, pile density and number of impact) and response 

variable (thickness loss) multivariate variance analysis (MANOVA) was performed by SPSS package 

program.  

2. Materials and Methods 

Six acrylic cut-pile carpets were manufactured by Wilton face-to-face carpet weaving machine with three 

rapiers which enables three weft shots. The structure for all carpets was chosen as 2/3V weave construction 

which is illustrated in Figure 1. 

 

Figure 1. 2/3 V weave construction [16,17] 

Acrylic fiber was used as pile with 5.6 denier linear density. All carpet production parameters were kept 

constant such as machine speed, weft and warp yarns used,construction. Carpet compositions are shown in 

Table 1. Carpet specifications are given in Table 2 with respect to pile height and pile density variables. 

Table 1. Carpet samples composition 

 
Pile yarn 

Warp yarn Weft 

yarn Stuffer yarn Chain yarn  

Material 
Acylic 

80% Polyester/ 

20% Cotton 
Polyester Jute 

Yarn linear 

density, tex 
200 197 89 491 

Table 2. Carpet specifications 

Warp 

density 

(ends/dm) 

Weft 

density 

(picks/dm) 

Pile 

Density 

(piles/dm
2
) 

Pile 

Height 

(mm) 

Pile 

Weight 

(g/m
2
) 

Carpet 

Weight 

(g/m
2
) 

48 50 2400 7 918.549 1929.882 

48 60 2880 7 1205.600 2413.000 

48 50 2400 11 1374.654 2476.000 

48 60 2880 11 1611.245 2846.064 

48 50 2400 16 1980.400 3071.200 

48 60 2880 16 2431.240 3728.400 
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All carpet specimens were conditioned with 65±4 % relative humidity and 20±2 
o
C temperature according to 

ISO 139:2005 [18]. Five test specimens were prepared as 125mm*125mm dimensions for each carpet. In 

order to perform dynamic loading test WIRA dynamic loading machine which drops free falling weight on 

carpet specimen at every five seconds was used. Carpet specimen was clamped on to a steel plate that is 

slowly and continuously traversed in such a way that there is 3.2 mm movement between each drop of the 

weight at each impact. Tests were conducted according BS ISO 2094:1999 [8,19,20]. Before applying 

dynamic loading all carpet thickness were measured in accordance with ISO 1765:1986 with WIRA digital 

thickness gauge under standard pressure of 2 ±0.2 kPa and this process repeated after 50, 100, 200 and 1000 

impacts immediately [21]. Thickness loss in percentage was determined as a difference between the thickness 

at zero impact and at each stage of impact by using Equation (1).  

𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑙𝑜𝑠𝑠, % =
ℎ0−ℎ𝑐

ℎ𝑜
𝑥100       (1) 

where: ℎ 0 is initial thickness and ℎ 𝑐  is thickness after dynamic loading at each stage of impacts. 

For statistical analysis SPSS package program was used to assess the effect size and significance of pile 

height, pile density and number of impact on thickness loss of carpet for each stage of impact at 95% 

confidence interval.  

3. Results and Discussion 

Thickness losses in percentage of acyclic carpets with different pile densities and pile heights after 50, 100, 

200 and 1000 impacts are shown in Figure 2.  

Thickness loss of acrylic cut-pile carpets increases from 50 to 1000 impacts with the increase in number of 

impact. Performance of carpets at 7 mm pile height for each pile density against compression is higher than 

that of 11 mm and 16 mm carpets. In addition, it is clearly seen that increase in pile density contributes to the 

compression performance of carpets with 11 mm and 16 mm pile heights. This situation can be explained with 

having more pile yarns within the unit area results higher resistance against dynamic load impacts. On the 

other hand, the same situation is not directly observed for carpets with 7 mm pile height. Thickness loss 

difference between 2400 piles/dm
2
 is lower 3% than that of 2880 piles/dm

2
 for 100 impacts. 

 

Figure 2. Thickness loss of cut-pile carpet samples versus to number of impact 

 

Figure 3. Total thickness loss of cut-pile acrylic carpet samples 
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Total thickness loss in percent of cut-pile acrylic carpet samples with different pile density and pile height is 

shown in Figure 3. When constant pile height is taken into consideration, the difference of thickness loss in 

percent for 2400 piles/dm
2 

carpet has the higher value of 4.7% than 2880 piles/dm
2
. This result is similar for 

11 mm and 16 mm cut-pile carpets with the thickness loss value of 32% and 9.7%, respectively. In 

conclusion, the influence of pile density on thickness loss is clearly stated that the higher the pile density, the 

lower the thickness loss after dynamic loading at 1000 impacts.  

MANOVA results for thickness loss after dynamic loading for independent variables are seen in Table 3. 

When the effect of pile height, pile density and number of impact on thickness loss is examined, thickness loss 

values are seen as statistically significant (R
2
= 96.6 %).  

In order to evaluate the effects of subgroups for number of impact and pile height (pile density was not 

considered because of lower than three subgroups), Duncan’s multivariate range tests were achieved and 

results are illustrated in Table 4 and Table 5, respectively. In Table 4, increase in number of impacts affects 

the carpet thickness loss negatively. Furthermore, carpets with higher pile height have lower resistance to 

dynamic loading with higher thickness loss (Table 5). 

Table 3. MANOVA for thickness loss under dynamic loading 

Source 
Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Corrected Model 17024.242
a
 23 740.184 88.220 .000 

Intercept 41680.710 1 41680.710 4967.758 .000 

Number of impact 1242.777 3 414.259 49.374 .000 

Pile height, mm 15343.407 2 7671.704 914.360 .000 

Pile density, piles/dm
2 

142.241 1 142.241 16.953 .000 

Number of impact * Pile height 75.874 6 12.646 1.507 .188 

Number of impact * Pile density 50.026 3 16.675 1.987 .123 

Pile height* Pile density 158.538 2 79.269 9.448 .000 

 Number of impact * Pile height * 

Pile density 
11.381 6 1.897 .226 .967 

Error 604.098 72 8.390   

Total 59309.050 96    

Corrected Total 17628.340 95    

  a. R Squared =.966 (Adjusted R Squared = .955) 
 

Table 4. Duncan’s multivariate range test results according to number of impacts 

Duncan
a,b

 

Number of impact N 

Subset 

1 2 3 4 

50 24 16.4952    

100 24  18.7959   

200 24   21.9790  

1000 24    26.0773 

Sig.  1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. Based on observed 

means.  The error term is Mean Square(Error) = 8.390. 

a. Uses Harmonic Mean Sample Size = 24.000. 

b. Alpha = 0.05. 
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Table 5. Duncan’s multivariate range test results according to pile heights 

Duncan
a,b

 

Pile height, mm N 

Subset 

1 2 3 

7 32 9.4018   

11 32  14.6518  

16 32   38.4569 

Sig.  1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed.  Based on 

observed means. 

 The error term is Mean Square(Error) = 8.390. 

a. Uses Harmonic Mean Sample Size = 32,000. 

b. Alpha = 0.05. 

4. Conclusion 

In order to assess the influence of pile density and pile height on thickness loss of carpet exposed to dynamic 

loading at different impacts, acrylic cut-pile carpets were used in this study. It is expected and desired that the 

carpets should have the highest performance under the dynamic loading which simulate the traffic wear during 

the usage. In accordance with the statistical analysis, both the pile density and pile height parameters have 

significant effect on dynamic loading performance of the carpet samples. As a conclusion to the test results, it 

can be said that the lowest thickness loss was obtained with the carpet sample at 7 mm pile height and 2880 

piles/dm
2
 pile density. Since performance of carpets at 7 mm pile height for each pile density against 

compression is higher than that of 11 mm and 16 mm carpets, it can be resulted that lower pile heights provide 

better dynamic loading performance. It is also clearly seen that increase in pile density contributes to the 

compression performance of carpets with 11 mm and 16 mm pile heights. 
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 It is known that the cement industry is responsible for 5-8% of world CO2 

emissions and also for intensive energy consumption. For this reason, cement 

productions need to sustainability studies. Mineral admixtures added to 

cement as partial replacement material enable to sustainable blended cement 

productions due to used less amount of cement. Mineral admixtures with 

pozzolanic property are also preferred in terms of increasing cement 

performances. This situation corresponds to improved performance of cement 

and concrete products as well as saving energy, reducing world CO2 

emissions. In recent years, the cement industry has been using natural zeolites 

extensively as pozzolanic materials. Analcime is known as second valuable 

zeolite mineral after from clinoptilolite in natural zeolite groups The aim of 

this study is to determinate the pozzolanic properties of analcime and to 

investigate whether it has potential availability in sustainable blended cement 

production. The clinoptilolite was used with comparison purpose in this study. 

Blaine values, densities, chemical composions, pozzolanic activities, 

mineralogical structures of analcime and clinoptilolite which are subject of 

study were determined. Accordance with TS 25, which contains pozzolan 

conformity criterias, 7-days average compressive strength values of lime-

pozzolan mixture samples were determined. The datas obtained shown that, 

the 7-days average compressive strengths of lime-zeolite (pozzolan) blended 

samples are 9.02 MPa for clinoptilolite and 6.3 MPa for analcime. The total 

content of Si02 + Al2O3 + Fe2O3 was 77.3% for clinoptilolite and 73.16% for 

analcime. Accordingly, analcime which is a natural zeolite satisfies to puzolan 

conformity criterias in TS 25 has the potential to be an alternative to 

clinoptilolite which is more widely used in cement productions. 
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1. Introduction 

Cement is a construction material that needs to sustainability studies due to the decrease of non-renewable 

energy resources and the increase of CO2 emissions in the world. The easiest solution in sustainability studies 

is to produce blended cement by using pozzolans. Nowadays, the use of pozzolans which are substituted by 

cement has become very popular. The use of portland cement in a lesser amount leads to less energy 

consumption and less CO2 emissions. Thus, more environmentalist, energy saving, economical and 

sustainable cement productions can be possible. Also, the pozzolans with high activity affect positively to 

performances of mortar/concrete.  

Pozzolans are defined as materials with silica and alumina. They have either any or very low binding property 

on their own. But, in the fine grained state, they are capable of exhibiting hydraulic binding when combined 
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with calcium hydroxide in hydrous medium. Pozzolanic activity is defined as how much can provide reacting 

with slaked lime and water of pozzolanic materials and how much binding it can provide [1]. 

In other words, pozzolanic activity can be defined as the ability to react with Ca(OH)2 of active silica which is 

in the pozzolan. At the end of this reaction the amount of portlandite (Ca(OH)2) is reduced, calcium silicate 

hydrate (CSH) is increased [2]. To determine the pozzolanic activity, various chemical and mechanical 

experiments were included in the standards [3,4,5]. With chemical experiments, silica and Ca(OH)2 are 

determined qualitatively and quantitatively. In mechanical experiments, it is determined whether pozzolans 

have active silica by determining flexural and compressive strengths of mortars produced with pozzolans 

mixed with lime or cement [6]. 

It is known that, zeolites have used as pozzolanic additives in mortar and concrete productions. The natural 

zeolites formed by the alteration of the vitric pyroclastic deposits are more reactive materials than the fly ash 

and furnace slags between mineral additives [7]. Zeolites contribute to the formation of cement-like hydrated 

products during the hydration of cement and to Ca(OH)2 consumption occurred during the hydration process. 

So, zeolites improve performances of mortar/concrete [8]. Analcime is known as second valuable zeolite 

mineral after from clinoptilolite in natural zeolite groups. Analcime is a feldspathite mineral with a very large 

amount of hydrated sodium aluminosilicate (Na (AlSi2O6) .H2O) in its structure. The clinoptilolite is a 

natural zeolitic mineral species with chemical formula (Na3K3) (Al6Si30O72) 24H2O, which is rich in silica 

and contains alkali and earth alkaline cations [9]. 

Despite the large number of studies on pozzolanic activity of clinoptilolite in the literature, studies on that of 

analcime are very limited [10,11]. This study has been carried out in order to provide actively using of local 

and natural resources that could contribute to the sustainability of cement. The use of such natural additives 

with optimum values may be possible with scientific research outputs. So, the aim of this study is to 

determinate the puzolanic properties of analcime and to investigate whether it has potential availability in 

sustainable blended cement production. The clinoptilolite was used with comparison purpose in this study. 

2. Materials and Methods 

2.1. Materials 

In experimental studies, the clinoptilolite and analcime which are natural zeolite minerals were used as 

replaced material by cement. The analcime and clinoptilolite were obtained from Ordu/Perşembe and 

Manisa/Gördes regions in Turkey, respectively. The two different natural zeolite samples were obtained by 

grinding from zeolite rocks in a ball mill. As a fineness parameter, in accordance with ASTM C430 [12] 

material percentage passing from 45-μm was used. In pozzolanic activity tests, CEN standard sand which has 

preferably round granulated and characterized by a natural silica sand content of at least 98% silica dioxide 

according to TS EN 196-1 [13] standard was used. In lime-pozzolan mixtures, slaked lime (Ca(OH)2) as 

specified in TS 25 [5] was used. In the production of the samples, water which does not contain organic matter 

and mineral salts which may be harmful were used. 

2.2. Methods 

The specific surface, density, chemical composition, mineralogical structure of the materials used as pozzolan 

have an important effect on pozzolanic activity. The following methods were used for the determination of 

these parameters effected on pozzolanic activity of natural zeolites used in the study. Additionally, the 

determination method of pozzolanic activities of natural zeolites was mechanical experiment method which is 

determined by average compressive strengths of lime-pozzolan mortars. 

Firstly, the physical properties of the natural zeolites were determined. The densities were determined 

according to TS EN 197-1 [14]. The specific surface(Blaine) were determined according to TS EN 196-6 [15]. 

X-Ray Diffraction (XRD) Analysis was performed to determine the chemical composition of natural zeolites. 

SEM views were also obtained using a Scanning Electron Microscope. The mineralogical structures of natural 

zeolites were determined by using XRD analysis. And then, the pozzolanic activities of natural zeolites were 

determined according to TS 25.  

2.3. Preparation of the Samples and Tests on Pozzolanic Activity 

In TS 25, the pozzolanic activity test is defined as a characteristic determined in terms compressive strength of 

the mortar obtained by mixing natural pozzolan which is grinded at a certain fineness with water, standard 
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sand and calcium hydroxide (CaOH2). The amounts of materials required to prepare three test samples for 

tests on pozzolanic activity are given in Table 1.  

Table 1. The amounts of materials for tests on pozzolanic activity 

 
                                    

TS 25  

The amounts for tests  

Clinoptilolite Analcime 

Slaked 

lime 
(CaOH2) 

150gr 150gr 150gr 

Pozzolan 2x150x 

(pozzolan 
density 

/CaOH2den
sity) 

2x150x(2.11/2.15)= 

294.42gr 

2x150x(2.28/2.15)

=318.14gr  

Standard 

sand 

1350gr 1350gr  1350gr 

Water 0.5x(150+ 

pozzolan)  

0.5x(150+294.42) 

=222.21gr  

0.5x(150+318.14)

=234.07gr 

The moulds of the prepared samples were covered with a glass plate to prevent evaporation. The samples were 

allowed to stand at room temperature for 24 hours (23 ± 2) ° C. And then, they were left for 6 days in an 

drying oven at 55 ± 2 ° C without removing the moulds. The samples removed from the oven were left to cool 

until the room temperature reached. Finally, the compressive strengths of samples were performed in 

accordance with TS EN 196-1. 

3. Results and Discussions 

3.1. The Physical Properties, Chemical Compositions and Pozzolanic Activities of Zeolites 

The physical properties, chemical compositions and pozzolanic activity values of natural zeolites are given 

Table 2. XRD diffraction patterns of zeolitesare given Figure 1 and Figure 2.  

Table 2. The physical properties, chemical compositions and pozzolanic activity values of natural zeolites 

(Cli. denotes clinoptilolite and Anl. denotes analcime) 

Chemical 

content 

Cli. 

(wt.%) 

Anl. 

(wt.%) 

Physical properties 

SiO2 64.70 46.71  Cli Anl. 

Al2O3 11.21 17.24 Density 

(g/cm3) 

2.11 2.28 

Fe2O3 1.38 9.21 Specific 

surface 

(cm2/g) 

4079 4780 

CaO 2.08 3.03 Pozzolanic activity values 

MgO 0.79 5.29 TS 25 limit  

values 

C A 

Na2O 0.38 4.84 Lime-pozzolan  

mix.7daycomp. 

strength 

>4MPa 

 

9.02 

 

6.30 

K2O 3.78 4.08 SiO2+Al2O3 

+Fe2O3 

wt.content  

>%70 

77.30 73.16 

Loss of  

ignition   11.80 7.00 

In TS 25, one of the conformity criterias for pozzolans is the 7 day compressive strength of samples prepared 

with lime-natural pozzolan mixture. The limit value of the compressive strength is at least 4 MPa.In 

experimental studies performed for clinoptilolite and analcime, the average compressive strength values for 

the lime-zeolite (pozzolan) mixture samples were determined as 9.02MPa and 6.30MPa, respectively.It has 

also been emphasized that the sum of SiO2 + Al2O3 + Fe2O3 in TS 25 should be at least 70% by mass.The 

value of this total was found to be 77.3% for clinoptilolite and 73.16% for analcime.At the same time, the 

specific surfaces of the pozzolans should be greater than 3000 cm
2
/gr. The specific surfaces of the pozzolans 

which is used in this study were found to be 4079 cm
2
/gr for clinoptilolite and 4780 cm

2
/gr for analcime. In 
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the pozzolanic activity tests. Because of the specific surfaces of natural zeolites were below of portland 

cement fineness, the reaction which is between pozzolan and lime was increased. It is thought that, this 

situation was lead to an increment at the value of pozzolanic activity.These values show that the zeolites used 

in the study have an usability potential as a pozzolan. 

 
Figure 1.XRD diffraction patterns of clinoptilolite 

 

Figure 2.XRD diffraction patterns of analcime 

3.2. Mineralogical Structures of Zeolites  

According to the mineral modal ratios at the mineralogical composition results determined by the X-ray 

diffraction analysis (XRD) of the clinoptilolite sample, the sample is characterized by zeolite industrial raw 

material. The modal-mineralogical composition identified as the result of the XRD analysis of the sample is 

given below. The ratio of clinoptilolite in the sample is 80-85% (Figure 3). As other minerals; Opal-CT is in a 

certain ratio, illite mica, quartz and feldspat are low ratios.SEM views obtained using a Scanning Electron 

Microscope of clinoptilolite were determined with analysis result reports performed by Gördes Zeolite 

Company. 
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 Clinoptilolite (Silicate–Zeolite Group Mineral) (%80-85 ) 

 Opal-CT (Opal-Critobalite/Tridimite) (Silicate-Silica Group Mineral) (10-15%) 

 Quartz (Silicate-Silica Group Mineral (% <2) 

 Feldspat (Na and K-Felspat) (Silicate-Feldspat Group Mineral) (% <2) 

 İllit-Mica (Silicate-Clay-Mica Group Mineral) (% <5) 

The analcime rock is a vitric tuff and consists of glass splinters and crystal components. The glass splinters are 

converted to zeolite and chlorite, which are heavily altered. Cryptocrystalline silica formations are present in 

the binder material. The crystalline components are heavily fragmented augite (pyroxene) and very little 

biotite. Opaque minerals are found in less than 5% of the rock (Figure 4).  

SEM views of analcime were determined by Mineralogy and Petrography Laboratory of General Directorate 

Of Mineral Research And Explorations. The clinoptilolite and analcime samples confirm the national and 

international standards required for zeolite applications. 

 

Figure 3. SEM view of clinoptilolite sample 

 

Figure 4. SEM view of analcime sample 

When the SEM views of the two zeolites are examined, it is understood that the clinoptilolite and analcime 

zeolites are in a crystal structure. It is thought that, despite crystal structures of natural zeolites, the reason of 

exhibit pozzolanic activity is the may be reaction with Ca (OH) 2 of free silica and alumina components as a 

result of dissolution at certain scale of the crystal structure in high pH environment. There are some studies in 

the literature about the dissolution of crystalline structures in low or high pH environments of natural zeolites 

[16,17]. 
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4. Conclusions 

1) It has been determined that both natural zeolites (clinoptilolite and analcime) used in the study have 

potential to be used in sustainable blended cement productions. Due to their favorable qualities such as silica-

alumina contents, pozzolanic activity values, low densities, high specific surfaces, glassy structures of rocks 

and mineralogical structures. 

2) The 7-days average compressive strength values of lime-pozzolan mixtures for clinoptilolite and analcime 

determined by pozzolanic activity tests accordance with TS 25 were 9.02 MPa and 6.30 MPa respectively. 

Accordingly, the determined compressive strengths are satisfied by TS 25 limit values. 

3) The total SiO2, Al2O3 and Fe2O3 contents of the natural zeolites used in the study are similar to some 

pozzolanic materials used in the cement industry.The value of this total was found to be 77.3% for 

clinoptilolite and 73.16% for analcime. The determined total content values are satisfied by TS 25 limit 

values. 

4) In the result of this study conducted to determinate the puzolanic activity of analcime and to investigate 

whether it has potential availability in sustainable blended cement production. It is thought that analcime 

which is the second valuable mineral of natural zeolites may be an alternative to clinoptilolite, which is more 

widely used in the construction industry. It is also thought that energy-saving, economical and environment-

friendly solutions will be obtained due to using less portland cement in cement production. But, it should not 

be forgotten that, this result may become more certainty after tests for strength and durability on analcimes 

which will be obtained from different regions. 
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 In the ceramic industry, huge amounts of wastes are generated during 

manufacturing and transportation processes. In order to decrease the need for 

landfill areas and increase environmentally harmful effects of such wastes, 

this industry is under pressure to finding effective ways for recycling its 

wastes and by-products. In addition, the construction industry requires new 

sources of aggregates due to running out of conventional virgin aggregates, 

saving energy, and protecting the environment. Therefore, recently, ceramic 

wastes are often used as coarse and/or fine aggregate both in mortar and 

concrete. In the present study, effects of using ceramic wastes as coarse and/or 

fine aggregate on the engineering properties of mortar and concrete are 

evaluated. These engineering properties are listed and compared according to 

their mechanical and durability properties. Reviewing of previous studies 

related with this subject in literature and discussion all results of the studies 

are conducted as the methodology of this study. Consequently, it was found 

out that the use of waste ceramic in the conventional concrete or mortar mix 

as fine/coarse aggregate is suitable as it can improve mechanical and 

durability properties of the concrete/mortar. 
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1. Introduction 

Recycling and reutilization of industrial waste and byproducts is a subject of great importance today in cement 

and concrete technology [1]. Especially ceramic wastes, which are durable, hard and highly resistant to 

biological, chemical and physical degradation forces, cannot be recycled by any existing process. The use of 

inorganic industrial residual products in the production of concrete will lead to sustainable ceramic industry 

ranges from 3% to 7% of daily production [2]. Therefore, construction industry can be the end user of all 

ceramic wastes and in this way can contribute to solve this environmental problem. The nature of construction 

industry, especially the concrete industry, is such that ceramic wastes can be used safely with no need for 

dramatic change in production and application process. On the other hand, the cost of deposition of ceramic 

waste in landfill will be saved and, on the other, raw materials and natural resources will be replaced, thus 

saving energy and protecting the environment [3]. 

In the present study, the effects of ceramic wastes used as fine/coarse aggregates on the properties of concrete 

were investigated by an in-depth literature review. Thus, the effect of these ceramic wastes on the durability 

and mechanical properties of concrete and mortar were presented in a detailed manner. Consequently, the use 

mailto:caginulubeyli@beun.edu.tr
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of ceramic wastes and their effects as fine/coarse aggregates in a sustainable concrete and mortar were 

examined. 

2. Methodology 

In this study, considering the previous studies, mechanical and durability properties of concrete produced by 

waste ceramic addition into mortar and concrete investigated in detailed manner. Throughout the literature 

review, it was observed that ceramic waste was used as fine/coarse aggregate in sand/gravel in producing 

mortar/concrete mix. In these studies, effects of waste ceramic on the some mechanical and durability 

properties of concrete were investigated. In this study, mechanical properties grouped into compressive, 

flexural and tensile strength, elastic modulus and finally shrinkage of concrete. In addition to, durability 

properties grouped into water absorbtion, ultrasonic pulse velocity, chloride penetration, abrasion resistance 

and finally freeze-thaw resistance. Consequently, effects of waste ceramic on these properties of concrete 

were evaluated in a detailed manner and reasons of results were established. 

3. Results and Discussion 

3.1. Mechanical Properties 

Mechanical properties of results were summarized in Table 1. Considering the results, waste ceramic was used 

as fine or/and coarse aggregate in concrete/mortar mixing. When ceramic waste was used as fine or/and coarse 

aggregate in concrete or mortar mixing, strength properties of concrete were increased compared with control 

concrete/mortar in generally. This improved incorporation of waste ceramic aggregate in the paste can be due 

to the more irregular shape it presents, resulting in a superior specific surface area than natural aggregate 

(gravel), which is rounded and thus lacks edges. Moreover, this irregular shape provides the higher bond 

between recycled ceramic aggregate and the paste. Furthermore, the ceramic aggregate could presented little 

puzzolanic activity in the surface part due to its chemical composition and grain size, this was nevertheless 

sufficient to react with the porltandite present in the periphery of the aggregate, giving rise to hydrated 

products such as calcium silicate hydrates (CSH) and calcium aluminate hydrates which present a less porous, 

more compact structure, forming a more stable aggregate/paste transition zone [4]. In contrast to all these 

studies, a few studies consisted of low strength properties compared to conventional concrete/mortar detected 

[5]-[6]. In these studies, the reason of strength loss was explained as ceramic aggregate having lower density 

and strength compared to conventional aggregate [6]. 

3.2. Durability Properties 

Durability properties of results were summarized in Table 2. According to results of studies, chloride 

penetration, capillarity water absorbtion, abrasion resistance, freeze-thaw resistance, high temperature 

resistance, gas permeability and finally, ultrasonic pulse velocity properties were investigated in previous 

studies. Especially, capillary water absorbtion, oxygen and gas permeability of concrete produced waste 

ceramic as fine/coarse aggregate were improved or similar compared to conventional concrete. But, these 

properties were determined as worse compared to control specimen [7]-[8]. This decrease can be due to both 

the higher water absorption coefficient in waste ceramic aggregate and the effect of this waste ceramic 

aggregate on the pore system [9]. In generally, freeze-thaw durability and high temperature resistance, 

chloride penetration and abrasion resistance performance of concrete produced by waste ceramic were better 

than conventional concrete due to the high mechanical and the puzolonic properties of the ceramic aggregate 

[4]. 
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Table 1. Comparison of some results for mechanical properties. 
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 Table 1. Comparison of some results for mechanical properties (cont.). 
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Table 2. Comparison of some results for durability properties. 
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Table 2. Comparison of some results for durability properties (cont.). 
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4. Conclusions 

In this study, effects of waste ceramic on some mechanical and durability properties of conventional concrete 

were investigated. Considering all of the results and the findings in the literature, it was found that, using of 

waste ceramic in the conventional concrete as fine/coarse aggregate was positively affected on these 

mechanical and durability properties of concrete. Consequently, the green and sustainable concretes would be 

obtained by partial substitution of waste ceramic aggregates from different ceramics industry can be used for 

structural purposes.  

References 

[1] F. Puertas, M. T. Blanco-Varela, and T. Vazquez, “Behavior of cement mortars containing an industrial 

waste from aluminum refining Stability in Ca(OH) 2 solutions,” Cement and Concrete Research, vol. 29, 

pp. 1673-1680, 1999. 

[2] M. Fernandes, A. Sousa, and A. Dias, “Environmental impact and emissions trade ceramic industry- A 

case study,” Portuguese Association of Ceramic Industry APICER, Portuguese, 2004. 

[3] F. Pacheco-Torgal, and S. Jalali, “Compressive strength and durability properties of ceramic wastes 

based concrete,” Materials and Structures, vol. 44, pp. 155-167, 2011. 

[4] C. Medina, M. I. Sanchez de Rojas, and M. Frias, “Reuse of sanitary ceramic wastes as coarse aggregate 

in eco-efficient concretes,” Cement & Concrete Composites, vol. 34, pp. 48-54, 2012. 

[5] R. M. Senthamarai, and P.D. Manoharan, “Concrete with ceramic waste aggregate,” Cement & Concrete 

Composites, vol. 27, pp. 910-913, 2005. 

[6] J. Brito, A.S. Pereira, and J.R. Correia, “Mechanical behaviour of non-structural concrete made with 

recycled ceramic aggregates”, Cement & Concrete Composites, vol. 27, pp. 429-433, 2004. 

[7] C. Medina, M. Frias, M. I. Sanchez de Rojas, C. Thomas, and J.A. Polanco, “Gas permeability in 

concrete containing recycled ceramic sanitary ware aggregate,” Construction and Building Materials, vol. 

37, pp. 597-605, 2012. 

[8] A. Gonzalez-Corominas, and M. Etxeberria, “Properties of high performance concrete made with 

recycled fine ceramic and coarse mixed aggregates,” Construction and Building Materials, vol. 68, pp. 

618-626, 2014. 

[9] C. Medina, M. I. Sanchez de Rojas, and M. Frias, M, “Freeze-thaw durability of recycled concrete 

containing ceramic aggregate,” Journal of Cleaner Production, vol. 40, pp. 151-160, 2013. 

[10] P. Torkittikul, and A. Chaipanich, “Utilization of ceramic waste as fine aggregate within Portland cement 

and fly ash concretes,” Cement & Concrete Composites, vol. 32, pp. 440-449, 2010. 

[11] H. Higashiyama, K. Yamauchi, M. Sappakittipakorn, M. Sano, and O. Takahashi, “A visual investigation 

on chloride ingress into ceramic waste aggregate mortars having different water to cement ratios,” 

Construction and Building Materials, vol. 40, pp. 1021-1028, 2013. 

[12] V. Lopez, B. Llamas, A. Juan, C.M. Moran, and I. Guerra, “Eco-efficient concretes: impact of the use of 

white ceramic powder on the mechanical properties of concrete,” Biosystems engineering, Vol. 96, pp. 

559-564, 2007. 

[13] H. Binici, “Effect of crushed ceramic and basaltic pumice as fine aggregates on concrete mortars 

properties,” Construction and Building Materials, vol. 21 pp. 1191-1197, 2007. 

[14] W. Jackiewicz-Rek, K. Załęgowski, A. Garbacz, and B. Bissonnette, “Properties of cement mortars 

modified with ceramic waste fillers,” Procedia Engineering, vol. 108, pp. 681-687, 2015.  

[15] F. Pacheco-Torgal, and S. Jalali, “Reusing ceramic wastes in concrete,” Construction and Building 

Materials, vol. 24, pp. 832-838, 2010. 

[16] A. Halicka, P. Ogrodnik, and B. Zegardlo, “Using ceramic sanitary ware waste as concrete aggregate,” 

Construction and Building Materials, vol. 48, pp. 295-305, 2013. 

[17] A.M.M. Al Bakri, M. N. Norazian, H. Kamarudin, M.A.A. Mohd Salleh, and A. Alida, “Strength of 

concrete based cement using recycle ceramic waste as aggregate,” Advanced Materials Research, vol. 

740, pp. 734-738, 2013. 



Ulubeyli et al. PENVol. 5, No. 2, June 2017, pp. xx – xx 

201 

[18] R.M. Senthamarai, P.D. Manoharan, and D. Gobinath, “Concrete made from ceramic industry waste: 

Durability properties,” Construction and Building Materials, vol. 25, pp. 2413-2419, 2011. 

[19] A.R. Khaloo, “Crushed Tile Coarse Aggregate Concrete,” Cement, Concrete, and Aggregates, vol. 17, 

pp. 119-125, 1995. 

[20] R. Sato, A. Shigematsu, T. Nukushina, and M. Kimura, “Improvement of properties of portland blast 

furnace cement type b concrete by internal curing using ceramic roof material waste,” Journal of 

Materials in Civil Engineering, vol. 23, PP. 777-782, 2011. 

[21] J.R. Correia, J. Brito, A.S. Pereira, “Effects on concrete durability of using recycled ceramic aggregates,” 

Materials and Structures, vol. 39, pp. 169-177,2006. 

 

BIBLIOGRAPHY OF AUTHORS  

 

 

Gülden Çağın Ulubeyli was born on November 3rd of 1982 in Bursa, Turkey. She completed 

her primary and middle school educations in Erzurum. Following her high school education in 

Erzurum High School in 2000, she was graduated from Civil Engineering Department of Atatürk 

University in 2006 and Chemical Engineering Department in 2007. She graduated her M.Sc. 

education at Marmara University, Institute for Graduate Studies in Pure and Applied Sciences, 

Metallurgy and Materials Engineering Program in 2011.  She is currently studying her PhD. 

education at Marmara University, Institute for Graduate Studies in Pure and Applied Sciences, 

Metallurgical and Materials Engineering Program since 2011. Also, she has been working as a 

Research Assistant in Civil Engineering Department of Bulent Ecevit University since 2009. 

 

 
 

Turhan Bilir is an Associate Professor and the Head of the Department of Civil Engineering 

Bülent Ecevit University, Zonguldak, Turkey. He worked for Department of Civil Engineering 

Bülent Ecevit University as an Assistant Professor between 2011 and 2014. He received his BSc 

degree from Eskisehir Osmangazi University at 2001, his MSc degree from Zonguldak 

Karaelmas University at 2005 and his PhD. degree from Eskisehir Osmangazi University at 

2010. His research interests include durability of cement and concrete, the use of wastes and by-

products in the cement and concrete industry, composite materials and models, lightweight 

aggregates and concrete, sustainable development in cement and concrete industry, and restraint 

drying shrinkage of concrete. 

 

 
 

Recep Artır is a lecturer and Professor of Metallurgical and Materials Engineering. He received 

his BSc degree in Metallurgical Engineering from İstanbul Technical University, Turkey in 

1985. He received his MSc degree in Metallurgical Engineering from Yıldız University, 

İstanbul, Turkey in 1988 and his PhD. degree from Sheffield University in 1994 in the UK. 

Currently, he carries out his teaching and research activities in Metallurgical and Materials 

Engineering department at Marmara University. His research interests include iron and steel 

production, recycling of industrial wastes, ceramic and refractory materials, biomaterials and 

surface modification of materials. 

 

 

 

 



Periodicals of Engineering and Natural Sciences  ISSN 2303-4521 

Vol.5, No.2, June2017, pp. 202~209 

Available online at:http://pen.ius.edu.ba 

  

DOI: 10.21533/pen.v5i2.118 202 

The Finite Element Analysis and Geometry Improvements of Some 

Structural Parts of a Diesel Forklift Truck 
 

 

Ömer Yavuz Bozkurt
1
, İhsan Cihan Dai

2
, Özkan Özbek

1
 

1Mechanical Engineering Department, Gaziantep University, Gaziantep, Turkey 
2Sanko Machine, ARGE Department, Gaziantep, Turkey 

 

 

Article Info  ABSTRACT  

Article history: 

Received May 30
th
, 2017 

Revised June 15
th
, 2017 

Accepted June17
th
, 2017 

 

 In this work, static analyses of structural parts of a diesel forklift were 

performed using Finite Element Method and possible modifications based on 

the original geometry of parts were utilized with respect to stress distributions 

at critical region to improve reliability of the forklift design. The analyses 

were carried out according to standard regulations related with the examined 

parts. The structural parts of forklift such as chassis and head guard were 

analysed under compulsion loading conditions. The improvements in relevant 

parts were demonstrated by the comparison of stress values of original and 

modified geometries. The finite element analyses were carried out using MSC 

SimXpert Nastran Finite Element software package. 
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1. Introduction 

Forklift is a relatively small industrial vehicle used to carry industrial goods in a short distances by two 

power-operated forks at the front. It is also called as a lift truck, a fork truck, or a forklift truck. A forklift can 

be used in numerous places such as; warehouses, factories, farms, shipping yards, construction sites, 

supermarkets, and much more. Several different forklift models are found in literature. They can be 

categorized based on their design, i.e. capabilities, size and methods of operation. 

The tests or testing steps are one of the most important and necessary part of a design procedure. Several tests 

must be performed to develop a new product. Due to requirement of long time durations and production of a 

prototype, destructive and non-destructive physical tests are generally expensive and adversely affect the 

product's time to enter the market. In today's world, computer simulations are carried out to improve the 

efficiency of design procedures in terms of cost and time by reducing or eliminating the need of physical tests. 

Finite element method (FEM) is the most widely used numerical analysis method in the computer simulations. 

The FEM does not require a physical prototype production and it can be used to analyse any parts/components 

of the whole system under certain operating conditions. Also, it permits improvements in the reliability of 

product by changing the design according to the results of analysis. 

In the literature, there are several articles on the open literature associated with the finite element analysis of 

forklifts. Bhagat et al. [1] developed the CAD model of a translation carriage for reach truck and performed 

the static analyse of it under various loading and boundary conditions using finite element analysis in ANSYS 

environment. Doçi et al. [2] examined the structural behaviours of forklift under dynamic loadings and 

specified the parameters that affect the dynamic behaviours of forklift. Meshram [3] developed 3D models for 

the forklift mast with a change in geometry to perform of structural analysis using finite element method. 
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Also, in terms of stress distribution, the performance of structural steel and gray cast iron were compared 

using the same boundary conditions. Rane et al. [4] carried out topology optimization technique for the design 

of forklift chassis to reduce the weight without changing the working conditions of forklift. Cline [5] 

conducted fatigue analysis of forklift forks applying loads at two different positions; centred and offset. 

Miralbes et al. [6] designed the crane gibs and pallet box lock for a forklift truck using finite element analysis. 

The boundary conditions were provided according to the forklift truck regulations. Stoychev and Chankov [7] 

proposed a dynamic model to investigate the stresses for the lifting installation of a forklift truck. Todorov et 

al. [8] constructed a virtual design of a forklift transmission module and improved it by executing thermal and 

structural analysis with finite element method. 

In this paper, some of the mechanical construction parts of a diesel forklift with three ton capacity is analysed 

using finite element method and geometry changes on 3D solid model of these forklift construction parts are 

applied to improve the reliability of design by reducing stress values at critical sections.  

2. Geometrical Vıew and Technical Parameters 

General view of the diesel forklift marked with major parts is shown in Fig. 1 and some of its technical 

parameters such as carrying capacity, dimensions, engine power and driving speed are presented in Table 1. 

 
Figure 1. General view of a diesel forklift. 

Table 1. Diesel forklift technical parameters 

Power unit Diesel 

Carrying capacity/load 3000 kg 

Load centre 500 mm 

Wheel base 1720 mm 

Weight 4500 kg 

Tilt angle, mast/fork carriage forwards 6° 

Tilt angle, mast/fork carriage backwards 10° 

Lift height 3230 mm 

Overall length 3757 mm 

Fork thickness 45 mm 

Fork width 100 mm 

Fork length 1000 mm 

Fork carriage DIN 15173 2A 

Turning radius 2400 mm 

Driving speed with load 18.2 km/h 

Driving speed without load 19.5 km/h 

Engine Power 35,5 kW @ 2400 

rpm 

3. Analysis of Chassis 

The chassis is the main supporting structure of the forklift truck which all other components are attached. The 

3D solid model for the chassis of forklift truck is shown in Fig. 2. The calculations of external loads are 

carried out using static loading, rigid connection member and linear-elastic material behaviour assumptions.  
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Figure 2. The 3D solid model of forklift chassis. 

The maximum lifting capacity of forklift truck were analysed as 3000 kg. According to the ISO 3691-1:2011 

standard, the structural components of the truck and its attachments shall carry the static load of 1.33×3000 

kg. It is the rated capacity at standard lift height and standard load centre distance with respect to the 

information on the capacity plate. 

The various loads acting on the chassis are shown in Fig. 3. The forces of tilt cylinders (F1), total weight of 

cabin with seat, bonnet and operator (F2), total weight of counterweight and muffler (F3), weight of radiator 

(F4), total weight of rear axle with wheels (F5), and total weight of engine with transmission (F6) are calculated 

as 93.227 kN, 2.943 kN, 17.462 kN, 0.294 kN, 1.589 kN and 7.700 kN, respectively. 

 
Figure 3. Loads acting on chassis. 

The forces of tilt cylinders were examined using loading process of mast assembly at standard lift height 

under overload condition. The free body diagram of mast assembly is shown in Fig. 4. The mass of mast 

assembly is 1000 kg. The W1 and W2 are the weights of pay load and mast assembly, respectively, and are 

calculated as W1=39.142 kN, W2=9.81 kN. 

 
Figure 4. Free body diagram of mast assembly at standard lift height under overload condition. 

The solid model, shown in Fig. 2, is meshed with 57289 elements in SimXpert Structure Analysis program. 

The finite element model of chassis is shown in Fig. 5. The chassis is made of St52-3 and the mechanical 

properties of St52-3 are given in Table 2. 

 
Figure 5. Finite element model of chassis. 
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Table 2. The mechanical properties of St52-3 

Material St52-3 

Yield Stress (MPa) 355 

Ultimate Stress (MPa) 530 

Poisson's Ratio 0.3 

Young's Modulus (GPa) 210 

The analysis of chassis is carried out in case of overload and standard lifting height, and the results are shown 

in Fig. 6. It is shown that the maximum von Mises stress is calculated as 257 MPa at the connection bracket of 

tilt cylinders. The resulting stress is below the yield stress value of St52-3 material. So, there is no plastic 

deformation on this bracket. However, a stress concentration is shown and a design revision in geometry of 

bracket can be done to reduce stress values. 

 

Figure 6. The FEA results of chassis. (a) Isometric view of chassis fem result; (b) Side view of chassis fem 

result; (c) Maximum Von Mises Stress in Tilt Cylinder Connection Bracket. 

The front and rear tips of connection bracket show 232 MPa and 257 MPa for the magnitude of von Mises 

stress. These tip points are marked as A and B, respectively. Two new geometry is designed to improve 

reliability of connection bracket by reducing stress values. Finite element analysis of chassis have been 

performed for the new connection bracket designs and the results in terms of von Mises stress distribution are 

shown in Fig. 7. The first design revision in geometry made possible to reduce maximum von Mises stress to 

214 MPa from 257 MPa and second one was reduced to 136 MPa. The von Mises stress comparisons of 

original and revised geometries of connection bracket is given in Table 3. As seen in Table 3, the factor of 

safety with respect to connection bracket design was increased from 1.38 to 2.08 

 
 

Figure 7. a) The original connection bracket, b) First revision of connection bracket, c) Second revision of 

connection bracket. 

 

Table 3. Comparison of von misses stresses of tilt cylinder connection bracket 

Von Mises Stress Original Revision-1 Revision-2 

σA (MPa) 232 206 171 

σB  (MPa) 257 214 136 

Factor of Safety 1.38 1.66 2.08 
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4. Analysis of Head Guard 

The forklift trucks can be very dangerous. Serious or fatal injuries from forklift incidents, especially for roll-

overs, can be happened for the forklift operators. The forklift manufacturers have formal responsibility for 

designing forklifts with protective structures that guard forklift operators under certain conditions. In this 

section, ROPS (Roll-over protective structures) test of forklift truck was simulated using finite element 

analysis. The simulation was carried out in accordance to EN ISO 3471 standard. Solid model of head guard 

and seated operator are given in Fig. 8. The model of seated operator is prepared as described in EN ISO 3411 

standard and it is positioned to the sit point. 

 

Figure 8. a) Forklift Head Guard Solid Model b) Seated Operator. 

In the ROPS analysis, the material of head guard was identified as St52-3. The stress values can exceed the 

yield value according to ROPS analysis. Therefore, the ROPS analysis of head guard is solved as a nonlinear 

analysis. Stress-strain values of St52-3 material are shown in Fig. 9. 

The applied load and energy of the load shall be met at least a certain level in the ROPS test. The stress values 

can be over the yield stress value to satisfy this requirement and due to this possibility ROPS analysis was 

performed as nonlinear analysis. The amount of required lateral, vertical and longitudinal loads which are 

formulated in relation to the weight of forklift are given in EN ISO 3471 standard. The weight of the forklift 

was presented in Table 1. According to EN ISO 3471 standard, forklift truck is classified in the wheeled earth-

moving machine category, and the lateral load, lateral load energy, vertical load and longitudinal load are 

calculated as follows: 

Flateral=6×M=6×4500=27 kN                                                                                       (1) 

Elateral=12500×[(M÷10000)]
1.25

=12500×[(4500÷10000)]
1.25

=4.607 kJ                       (2) 

Fvertical=19.6×M=19.6×4500=88.2 kN                                                                        (3) 

Flongitudinal=4.8×M=4.8×4500=21.6 kN                                                                       (4) 

 

Figure 9. Stress-strain values of St 52-3 material. 

The finite element model of head guard, shown in Fig. 10, has been formed from the solid model presented in 

Fig. 8. It has 22909 elements and in general consists of quadrilateral elements. The load distribution devices 

used for the load application was also modelled with solid mesh. 
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Figure 10. Finite Element Model of Head Guard. 

The prescribed boundary conditions and applied loads on the head guard for the lateral, vertical and 

longitudinal loadings are shown in Fig. 11. The load distribution devices for the loading procedures are also 

shown in Fig. 11. The lateral force, Flateral, vertical force, Fvertical, and longitudinal force, Flongitudinal, were 

calculated as 27 kN, 88.2 kN and 21.6 kN, respectively. FC1, FC2, FC3, FC4, FC5, FC6, FC7, FC8, FC9, FC10, 

FC11 and FC12 show that all degrees of freedom for connection parts of the head guard are restrained. 

 

Figure 11. Loading Cases of Head Guard. (a)Flateral force, FC1, FC2, FC3 and FC4 Fixed Constraints; (b) Fvertical  

force, FC5, FC6, FC7 and FC8 Fixed Constraints; (c) Flongitudinal  force, FC9, FC10, FC11 and FC12 Fixed 

Constraints. 

The lateral loading procedure was carried out using the load distribution device. At the end of the lateral 

loading, maximum stress value was measured as 411 MPa. Maximum deformation was measured as 87 mm. 

During the loading, head guard didn’t enter to the seated operator area, but it has a permanent deformation. 

FEM results of lateral loading are shown in Fig. 12 and load-displacement curve is given in Fig. 13. 

 

Figure 12. FEM results of Lateral Loading (a) Maximum Loading; (b) Load Removed. 

 

Figure 13. Force-Displacement curve under the application of 27 kN load. 
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During the loading period, the head guard structure was permanently deformed but not in the operator area 

defined according to the specified standards. With the 1373 J energy generated by applying load of 27 kN, the 

energy requirement of 4607 J defined in the ROPS standard was not met. For this reason, a load of 32 kN was 

applied by increasing the amount of load to meet the energy requirement, and the energy requirement of the 

ROPS standard was met by the 4758 J energy output. The maximum tensile value obtained at 32 kN loading 

was 481 MPa and the maximum deformation value at force application point was determined as 189.5 mm. 

The results of the finite element method obtained from lateral load of 32 kN are shown in Fig. 14. The load-

displacement curve graph is shown in Fig. 15. During the loading period, the head guard did not enter the 

operator area. 

 

Figure 14. FEM results of Lateral Loading (a)Maximum Loading; (b) Load Removed. 

 

Figure 15. Force-Displacement curve under the application of 32 kN load. 

Vertical loading was carried out using the long load distribution device from the cabin. At the end of the 

vertical loading, maximum stress value was measured as 359 MPa. Maximum deformation was measured as 

7.8 mm. During the loading, head guard didn’t enter to the seated operator area. Head guard has a permanent 

deformation, no cracks have occurred in the cabin. FEM results of vertical loading was shown in Fig. 16. 

 

Figure 16. FEM results of Vertical Loading (a) Isometric view of fem result; (b) Front view of fem result; (c) 

Side view of fem result. 

Longitudinal loading was carried out using the load distribution device. At the end of the longitudinal loading, 

maximum stress value was measured as 354 MPa. Maximum deformation was measured as 17 mm. During 
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the loading, head guard didn’t enter to the seated operator area. Head guard has no permanent deformation, no 

cracks have occurred in the cabin. FEM results of longitudinal loading was shown in Fig. 17. 

 

Figure 17. FEM results of Longitudinal Loading (a) Isometric view of fem result; (b) Front view of fem result; 

(c) Side view of fem result. 

5. Conclusions 

In this study, static analysis of some structural parts such as chassis, head guard of a diesel forklift truck was 

performed by using finite element method. Critical regions with high stress values were determined according 

to the analysis results and design geometries were changed to reduce stresses in there. The analysis results that 

belong the original models and modified models were compared. The analysis of modified models with new 

geometries showed that the reliability of the design was improved by lower stresses. For operator safety, the 

maximum stress and deformation values that can occur in overload and overturn situations are determined by 

finite element analysis. The maximum lateral, vertical and longitudinal force values that can be applied to the 

head guard and their application forms are determined according to EN ISO 3471 standard. According to the 

results of deformation under these loads; the head guard was subjected to permanent deformation, but this 

deformation was observed to have no adverse effect on the safety of the operator of the truck. 
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1. Introduction 

Nonwoven fabrics are defined as textile products which are produced as textile sheets from staple or filament 

fibers and entangled by mechanical, chemical, thermal processes. Products from nonwoven fabrics are widely 

used in application areas such as hygiene, medical, agriculture, civil, home textile, automotive, filtration, 

ready-made production, food packaging. With wide variety of application areas and production techniques, 

nonwoven fabric production rate is increased day by day in Turkey, and the production is carried out in 

Gaziantep, İstanbul and Çorlu, predominantly [1,2]. 

In the literature there are many studies that show the effects fabric structural parameters; namely pore size, 

fiber orientation, fiber type, fabric thickness and fabric weight on fabric performance properties such as air 

permeability, water permeability, absorption capacity, absorption time, breaking strength and tear strength [3-

11]. Aid laid process is a nonwoven web forming process that disperses fibers into a fast moving air stream 

and condenses them onto a moving screen by means of pressure or vacuum. Air-laid nonwoven fabrics are 

generally used for hygienic care products such as diaper, adult nappy and sanitary napkins. Air permeability is 

one of the foremost properties that affect the performance of these hygienic care products. Many researchers 

investigated the relationship between air permeability and structural features of nonwoven fabrics; namely 

porosity, fiber diameter, fabric weight, fabric thickness and density [5, 12-18]. Among these structural 

features, pore size is the determinant parameter for air permeability property. On the other hand, since this 

type of fabrics have thin structure, determining the pore size properties by using image processing techniques 

seems possible. In this study, it was intended to use image processing techniques to obtain porosity values of 
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the fabric samples and then the regression analysis were used to determine the air permeability properties of 

fabrics by using porosity, fabric weight and fabric thickness as structural parameters.  

2. Materials and Methods 

2.1. Material 

In this study, in order to investigate the relationship between the air permeability and porosity properties of 

nonwoven fabrics, ten air-laid nonwoven fabric samples produced from the same material (40% viscose, 40% 

bicomponent, 20% polyethylene) with different thicknesses and weights were randomly selected. The physical 

properties of these samples were given in Table 1.  The nonwoven fabric weight and thickness values were 

measure in accordance with the standards WSP 130.1(05) [19] and WSP120.6(05) [20] respectively.  

Table 1.Properties of air-laid nonwoven fabric samples 

Sample Code Fabric weight (g/m
2
) Thickness (mm) 

Nm1 53 0.57 

Nm2 53.5 0.57 

Nm3 53.5 0.57 

Nm4 55 0.7 

Nm5 55 0.7 

Nm6 54 0.63 

Nm7 57 0.74 

Nm8 57 0.75 

Nm9 55.5 0.67 

Nm10 55.5 0.69 

All yarn tests were carried out after conditioning the specimens in a standard atmosphere at 20±2 °C 

temperature and 65±4% relative humidity for 24 hours according to the standard of BS EN ISO 

139:2005+A1:2011. Tenacity and elongation measurements of yarn samples were achieved with Uster® 

Tensorapid-4 according to BS EN ISO 2062:2009. Ten tests were performed in each 4 bobbins and reported 

values represent the average of those test results.  

SPSS 22.0 package program at 95% confidence interval was used for multivariate analysis of variance 

(MANOVA) in order to determine the significance effect of raw material and blend ratio on yarn tenacity and 

elongation. Furthermore, Duncan’s new multiple range test was provided in order to compare the difference 

between the means of treatment subgroups of blend ratios in analysis of variance was provided at significance 

level of 0.05. 

2.2. Method 

2.2.1. Porosity measurement 

In order to make regression analysis, the porosity and air permeability of the fabric samples were measured. 

All the fabric samples were conditioned in standard atmosphere according to TS EN ISO 139 [21] (65±4% 

relative humidity and 20±2 0C temperature) for 24 h before the measurements. 

Since the nonwoven fabric consists of randomly laid and distributed fibers, space occurs between the fibers. 

These spaces are called as pores. The porosity of the fabrics can be determined by means of porometer device 

and image processing application. The porometer device is based on the liquid extrusion through the fabric 

structure. The image processing method is based on measurement of the light intensity transmitted through the 

fabric structure. The pixel values of the image frame are assigned according to the light transmission level so 

that pore regions are seen bright while the regions covered by fibers are seen dark. In this, study the porosity 

of the fabric samples were determined by using image processing algorithm. The image frames were acquired 

by using a microscope camera with 60X magnification. Since the nonwoven fabrics have not got a uniform 

structure, five image frames were acquired from different place of each sample in order to obtain an average 

porosity value. So, totally 50 sample image frames were processed. The algorithm given in Figure 1 is applied 

for all five image frames of each sample. The porosity ratio is determined as average of five measurements of 

each sample. The image frames get in RGB format were convert to 8 bit gray level images. The image frames 

were the low pass Gaussian filter. The Gaussian filter makes the image frame smoother and removes certain 

types of noise [22]. The image frame is convolved with the Gaussian function given Equation (1). 
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ℎ 𝑔 𝑛1,𝑛2 
= 𝑒

−(𝑛1
2+𝑛2

2)

2𝜎2                                           (1) 

where, n1 and n2 are the locations of the related pixel, σ is the variance of neighborhood.  

 

Figure 1. Porosity and pore labeling algorithm 

The filtered image is then applied binarization process. Each pixel of the image frame is converted to black or 

white color according to being below or above threshold level. The threshold level is calculated by using Otsu 

method [23]. If the pixel value of the image frame is below threshold level, the gray level value of that pixel is 

allocated as “0”. Otherwise, it is set as “1”. The pixel value “1” corresponds to white and “0” corresponds to 

black. In the binary image frame, the white regions indicate the pores and the black regions indicate the fibers. 

In order to clear the area of pores, morphological operations; opening and erosion are applied in sequence. 

Opening is a morphological operation of erosion followed by dilation with the same structuringelement. The 

opening operation removes small, isolated objects from the foreground of an image, place them in the 

background. It smooths the contour of a binary object, breaks the narrow joining regions and eliminates the 

thin protrusions. In the erosion operation, the center pixel of the structuring element is placed on each 

foreground pixel value 1. If any of the neighborhood pixels are background pixels value 0, then the 

foreground pixel is switched to background. Finally, the pore areas (white regions) of the binary are labeled. 

The application of the algorithm on the air-laid fabric sample is given in Figure 2. The porosity ratio of each 

air-laid fabric sample is calculated as percentage of white pixels to the whole pixels of the binary image. 

 

(a) RGB image                      (b) 8 bit Gray level image       (c) Binary image  

 
     (d) Pore labeled image 

RGB images

RGB to Gray 
conversion

Gaussian filter

Binarization     
(Otsu method )

Opening

Erosion

Labeling 

Porosity ratio (%)
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Figure 2. Algorithm application on sample image 

2.2.2. Porosity measurement 

Air permeability is the velocity of an air flow passing perpendicularly through a test specimen under specified 

conditions of test area, pressure drop (ΔP) and time [24]. Air permeability was measured in accordance with 

the standard WSP 70.1 (05) [24] using digital air permeability test device at 100 Pa pressure drop and 20 cm² 

test area. The measurements were repeated ten times for each fabric sample. 

3. Results and Discussion 

The porosity and air permeability results are given in Table 2 and presented in Figure 3.  

Table 2. Air permeability test and porosity measurement results 

Sample 

Code 

Air Permeability 

(mm/s) 

Porosity 

(%) 

Nm1 158.6 34.50 

Nm2 163 35.63 

Nm3 150.1 35.55 

Nm4 193.4 38.48 

Nm5 193 36.60 

Nm6 163.1 34.72 

Nm7 183.1 38.35 

Nm8 194.7 38.48 

Nm9 169.5 36.71 

Nm10 176.6 36.21 

 

As expected from the literature knowledge, there is a direct relation between porosity ratio and air 

permeability performance of the samples except Nm5. This can be attributed to the fact that the air flow 

occurs between the pores of the nonwoven fabric structure. As the pores between the fibers constitute the 

fabric structure increase, more open spaces are provided for air flux. On the other hand, less open spaces 

between the fibers of the nonwoven fabric lead to higher air drag resistance to air flow. The porosity ratio of 

the nonwoven fabric depends on many different parameters namely, fiber properties, processing conditions, 

fabric weight and fiber density. Since whole of the samples consists of the same fiber composition, it can be 

said that the fabric weight and production process conditions affected the porosity property of the samples.  

 

Figure 3. Air permeability and porosity results 

On the other hand, fabric thickness also has got effect on the fabric air permeability performance. When the 

thickness values given in Table 1 are compared with the air permeability results (Figure 4), it can be seen that 

there is a direct relation with the thickness and air permeability for whole samples.    
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Figure 4. Air permeability results and thickness values  

For statistical analyses SPSS 21.0 statistical package program was used. In the first step, correlation analyses 

were applied to the air permeability, porosity, fabric weight and fabric thickness. The results are given in 

Table 3. According to correlation analysis, it is seen that there is a strong and positive correlation (r = 0.825) 

between fabric porosity and air permeability, at 1% significance level. In the view of thickness effect, it can 

also be said that there is a strong and positive correlation (r = 0.894) between fabric thickness and air 

permeability, at 1% significance level. The correlation between the fabric weight and air permeability is 

determined as r=0.752 at 5 % significance level.  

The higher thickness causes a longer path for air passage and so the air flow velocity degreases and vice versa. 

So, negative correlation between thickness and air permeability is proposed. However, according to the 

analysis results, strong and positive correlation was obtained. This situation can be attributed to the fact that 

there is also strong and positive correlation (r = 0.849) between fabric thickness and air permeability. As the 

thickness value increases, the porosity of the samples increases. This situation reveals that porosity increase 

compensates the diminishing effect of thickness parameter on air permeability. As a result of the correlation 

results, increased porosity and fabric thickness means high air permeability values for air-laid nonwoven 

fabric samples. 

Table 3. Correlation analysis between air permeability and fabric structural features 

 Air 

permeability 
Porosity 

Fabric 

weight 

Fabric 

Thickness 

Air 

permeability 

Pearson Correlation 1 0.825
**

 0.752
*
 0.894

**
 

Sig. (2-tailed)  0.003 0.012 0.000 

N 10 10 10 10 

Porosity Pearson Correlation 0.825
**

 1 0.849
**

 0.849
**

 

Sig. (2-tailed) 0.003  0.002 0.002 

N 10 10 10 10 

Fabric weight Pearson Correlation 0.752
*
 0.849

**
 1 0.947

**
 

Sig. (2-tailed) 0.012 0.002  0.000 

N 10 10 10 10 

Fabric 

Thickness 

Pearson Correlation 0.894
**

 0.849
**

 0.947
**

 1 

Sig. (2-tailed) 0.000 0.002 0.000  

N 10 10 10 10 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Table 4. Multiple linear regression analysis for fabric structural features affecting air permeability 

 

 

Variables 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

 

t 

 

 

Sig. B Std. 

Error 

Beta 

 (Constant) 453.144 164.962  2.747 0.033 

Porosity 4.422 2.305 0.413 1.918 0.103 

Thickness 360.830 81.133 1.569 4.447 0.004 

Fabric weight -12.348 4.013 -1.084 -3.077 0.022 

a. Dependent Variable: Air permeability 

According to linear regression analysis (Table 4), the regression equation is obtained as below. When three 

the fabric structure parameters; fabric weight, thickness and porosity are evaluated together in multiple linear 

regression analysis in terms of effect on the air permeability performance, it can be concluded that the 

thickness of the air-laid nonwoven fabric has got the most significant effect. The effect of porosity on 

determining the air permeability performance is less than thickness. The fabric weight has got negative effect 

on air permeability performance of air-laid nonwoven fabric samples.   

Air permeability  mm s  = 453.144 + 4.422 porosity  % + 360.830 thickness  mm −  

12.348 fabric mass (g/m²) (2) 

4. Conclusion 

In this study, the relationship between the air-laid nonwoven fabric structural parameters such as; thickness, 

weight, porosity and air permeability performance were investigated. Totally, ten air-laid fabrics were selected 

randomly from the products composed of the same fiber types with same blending ratios. The porosity of the 

fabric samples were determined by using image processing method. For this aim, an algorithm was developed 

by applying Gaussian low-pass filter and morphological operation.  

As a result of regression analysis, it is concluded that there is a strong and positive correlation between fabric 

structure parameters; thickness and porosity and air permeability performance of air-laid nonwoven fabrics. 

There is also a strong and positive correlation between fabric thickness and porosity. So, it can be said that the 

porosity increase compensates the negative effect of the fabric thickness on the air permeability. Since strong 

and positive correlation between the air permeability and porosity is obtained as expected from the literature 

knowledge, the developed image processing algorithm can be considered successful on determining porosity 

measurement.  

According to the multiple regression analysis, the most significant effect on air permeability performance is 

obtained for fabric thickness parameter. The porosity has got less significant effect than thickness parameter. 

The fabric weight has got a diminishing effect on the air permeability performance in relation to the multiple 

regression analysis.    
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 All around the world, cities need projects and applications for renewal, 

transformation, resettlement and improvement due to reasons such as 

economic reasons, inadequacy in social development, excessive population 

accumulation, wrong place selection and natural disasters. Many project 

application examples are available in the world and in our country. They vary 

in their purpose, form of implementation, organizational patterns and 

outcomes. In the process of reclaiming troubled areas of cities; a spatial 

transformation is also being studied at the same time to ensure the social and 

cultural development. 

In this context, the process of urban transformation in our country has been 

evaluated from the perspective of new legal regulations. In the study, firstly, 

the urban transformation was very briefly defined and it was focused on the 

historical development of urban transformation in the Turkey and world. 

Secondly, Past legal regulations and current legal regulations regard to urban 

transformation were examined. Lastly, the new legislation was critically 

discussed. Also the current trends related to urban transformation are 

investigated. 
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1. Introduction 

The urban transformation is the creation of a viable road map as a result of examining the economic, social 

and spatial characteristics of a region, taking into account urban problems and needs. Urban transformation is 

a human-focused practice [1]. The aim of urban transformation is to create cities in livable standards. Many 

problems are encountered in urban transformation applications [2]. These could be the problems arising from 

the inability to create the corporate structure, problems arising from local governments, lack of staff with 

sufficient knowledge about the subject, problems caused by the lack of legislation, unsuccessful location 

selection, issues encountered in informing the projects and financing problem etc., Therefore, in order to 

ensure rapid and healthy progress of urban transformation, the application regulationwas revised [3], [4]. 

 

While trying to sustain intense work agenda in the country, the government took action to remove the obstacle 

to investors and the regulation on urban transformation was changed [5]. The Council of Ministers will be 

commissioned to declare a particular area as a 'risky area'. Thus the contractorwill be facilitated by Project 

developments designed for large areas. If 65 percent of a region is at risk, 100 percent will be covered. In this 

respect, the objection of individual building owners can be avoided.so that the project will be accelerated. 

Urban transformation will also be possible in the immovables falling within the scope of the Cultural and 

Natural Assets Law [6],[7]. 

mailto:fatih.taktak@usak.edu.tr
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2. Material and methods 

2.1. The Trends Analysis 

Developing data source is internet search queries [8]. Daily, large numbers of users around the world search 

information via Web search engines. The internet search engine Google provides an internet service, Google 

Trends (GT), for all internet users to browse the volume of search queries. GT analyzes a fraction of Google 

web searches to compute how many searches have been done for the terms that users enter, relative to the total 

number of searches done on Google over time [9]. It is reasonable that some GT regarding specific economic 

issues can demonstrate the dynamic situation of internet economic-seeking behaviors [10], [11], [12]. 

 

GT provides a time series index of the volume of queries which users enter into Google in a given geographic 

area [13]. The query index is based on query share: the total query volume for the search term in question 

within a particular geographic region divided by the total number of queries in that region during the time 

period being examined [14], [15]. The maximum query share in the time period specified is normalised to be 

100, and the query share at the initial date being examined is normalised to be zero [16],[17]. The Google data 

are not given in absolute volumes but are indexed to the highest observed search volume, which is set to 100. 

Consequently, it is not possible to ascertain the frequency of searches that took place at any given time, but 

only how the searches have changed over time [18], [19].  

 

In this study, the current trends related to urban transformation are investigated. Most relevant trends have 

been identified. A comparison chart has been obtained with the help of the google trends program. 

Comparative expressions are given in the graphic. As it can see in the graphic, the most searched phrasewithin 

one year has been "Housing Development Administration (TOKI)". The lowest call within one year in these 

trends is the "urban transformation credit" statement. It is understood from the graph, the institution that 

makes the urban transformation comes to the forefront. 

 

 

Figure 1. Five trends related to urban transformation are listed. 
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2.2. The Historical Development of Urban Transformation 

Urban transformation applications first appeared in the 19th century as the urban growth movements that took 

place in Europe, some parts of which have been demolished and reconstructed (urban renewal) [20], [21]. 

Over time, the political and economic structure of the process of urban transformation has also changed the 

process of urban planning, from national development towards global integration [22]. For this reason, it is 

said that the urban transformation applications in the world have different approaches to different periods. 

Urbanization movements was started in republican period in the country. In the 1950s urbanization was 

accelerated due to the immigration to the city from the countryside. As the cities are not ready for this 

situation, the seeds of unhealthy urbanization have been thrown. While the industrial sector was on the rise, 

there was a decline in the agricultural sector. For this reason, urban spaces need to be transformed and 

renewed. Almost every province in our country has places that lack technical infrastructure and other 

equipment that do not conform to regular urban development. 

 

Due to such matters, regular legal regulations have been made. From past to present, the legal regulations 

related to urban transformation are stated in table1 [23]. 

Table 1. Legislation Regarding Urban Renewal in the Past to Today. 

Legislation Regarding Urban Renewal in the Past to Today 

Law No 

Date 
Law Name Purpose 

Law No:7367 
July 21, 1959 

Law on Land and Ares from 
Transferable to 

Municipalities 

The main purpose of the law are to use these land for the production of urban land and Free 
transfer to municipalities of State-owned land. By law, Law No. 6188, the state-owned lands 

and the transfer-related provisions of the other related lands are abolished. 

Law No:634 

June 23, 1965 

Floor Ownership Law Independent property rights may be established by the owners or joint owners of the real estate 

on the basis of the provisions of this Act on the completed buildings, apartments, business 

offices, shops, warehouses, warehouses, etc. which are individually and individually available. 

Easement rights may be established in accordance with the provisions of this Law by the land 
owners or joint owners of the land on the basis of the property of the floor which will be 

overcome after the construction is completed. 

Law No:775 
July 20, 1966 

Slums Act Refurbishment of existing slums, liquidation, preventing the re-construction of squatter and the 
provisions of this Law shall apply to the measures to be taken for these purposes 

Law No:1164 

April 29, 1969 

Land Production and about 

the Law 

Purpose of this Law; Buying and selling to prevent excessive price increases of the Land; 

Housing, industry, education, health and tourism investments and public facilities. 

Law No:2985 
March 02, 1984 

Mass Housing Law Meeting the housing needs, arranging the procedures and principles that will be applied to those 
who build houses, development of industrial construction techniques and tools and equipment 

suitable for the materials of the country and support be made by the State. It is subject to the 
provisions of this Law. 

Law No:2981 

Feb. 24, 1984 

Zoning amnesty law Purpose of this Law; Arrangements to be implemented in respect of all buildings constructed in 

contradiction to the legislation of Zoning and shantytown and determine the principles of 

application, determination, evaluation, implementation and announcement of these transactions 

and other relevant matters. 

Law No:3194 

May 03, 1985 

Zoning law This law is designed to provide settlement places and structures of these places in accordance 

with plan, science, health and environmental conditions 

Law No:5104 

March 04, 2004 

North Ankara Entrance 

Urban Transformation Project 
Law 

Purpose of this Law; North Ankara entrance and surrounding areas is to create a project of 

urban transformation. So; the development of physical condition and environmental view in 
Ankara, beautification, provision of a healthy settlement system and increase the level of urban 

life. 

Law No:5216 
July 10, 2004 

Metropolitan Municipality 
Law 

The purpose of this law is to regulated the legal status of the administration of the metropolitan 
municipality and to ensured efficient, efficient and harmonious implementation of the services  

Law No:5226 

July 14, 2004 

Conservation of Cultural and 

Natural Assets 

Cultural and Natural Heritage Protection Act was amended to certain reagents. 

Law No:5273 

Dec. 08, 2004 

Law on the Removal of the 

General Directorate of the 

Land Office 

The General Directorate of Land Office was removed together with the organization. 

Law No:5302 

Feb. 22, 2005 

Special Provincial 

Administration Law 

Purpose of this Law is to regulate the establishment, Organs, management, duties, powers and 

responsibilities and working principles and principles of Special provincial administration 

Law No:5393 

July 03, 2005 

Municipal Law The purpose of this law is to regulate the procedures and principles of the establishment, the 

organs, the administration, the duties, authorities and responsibilities of the municipality. 

Law No:5998 
June 17, 2010 

Law Amending the Law on 
Municipalities 

Municipality, with the decision of the municipal council can apply urban renewal and 
development projects that to create residential areas, industrial areas, commercial areas, 

technology parks, public service areas, recreational areas and all kinds of social facilities areas, 

rebuilding and restoring old parts of the city, in order to protect the historical and cultural 
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heritage of the city or to take measures against earthquake risk  

Law No:6306 
May 16, 2012 

Law on Converting of Areas 
Under Disaster Risk 

Purpose of this Law, In areas where there are risky structures outside these areas with areas 
under disaster risk is to determine the principles and procedures for improvement, liquidation 

and renewal in order to constitute healthy and safe living environments in accordance with 

science and art norms and standards. 

Law No:6360 
Dec. 06, 2012 

thirteen provinces also and 
with Twenty-Six County 

establishment, Law on the 

Amendment of Decrees on 
Certain Laws and Laws 

The metropolitan municipality was established with the same name as the provincial property 
boundaries in Aydın, Balıkesir, Denizli, Hatay, Malatya, Manisa, Kahramanmaraş, Mardin, 

Muğla, Tekirdağ, Trabzon, Şanlıurfa and Van and these municipalities' municipalities have 

been transformed into the metropolitan municipality. 

Law No:6360 

Nov. 12, 2012 

fourteen provinces also and 

with Twenty-seven County 
establishment, Law on the 

Amendment of Decrees on 

Certain Laws and Laws 

Law No. 6360, adopted on 12 November 2012   was amended on 06 December 2012; Ten 

Fourteen Metropolitan Municipalities and the Establishment of the Twenty-Seven Districts 
Some Law and the Law on the Amendment of the Decrees in the Law has become law. 

  

Law No:6306 
Oct. 27, 2016 

Regulation of Law on 
Converting of Areas Under 

Disaster Risk 

Due to the size of the problems experienced during the urban transformation process, it can be 
seen that there are almost serious and process-accelerating changes in the regulation and an 

urban transformation process almost at the jet speed. 

 

2.3. Online Submission Change of Urban Transformatıon Regulatıon and Improvements 

1. If a deterioration occurs in 65% of one or more of these criteria, these regions can now be declared 

as Risky Areas, in the areas where infrastructure and superstructure have been damaged, contrary to the 

zoning legislation, inadequate planning and infrastructure services, in order to avoid the cancellation of 

the Council of State in risky areas. 

2. The section regarding the need to be at least 15.000 m
2
 in risky area advertising has been removed 

from the obligation. Thus, without any limitation of m
2
, the risky areaadvertising in each region can 

be declared provided that it carries other criteria. 
3. The personnel who will work in establishments that will determine risky structures are entitled to 

issue certificates in the institutions and organizations that will be determined by the Ministry for the 

necessity of obtaining certificates from the Ministry of Environment and Urbanization.The certificate 

exemption granted to universities is limited to academic staff only. At least one civil engineer will 

operated in the licensed institutions that will perform risky structure detection. 
4. The principles for risky structure determination are clarified and will be used for buildings and 

structures for people to sit, work, play or rest or worship, and structures for the protection of animals and 

their property. Buildings that are under construction and that are not resident, damaged or unstable due to 

deformation or static will not be subject to risky structure determination. 

5. To be in risky structure determination application; Petition, identity photocopy and current title deeds 

status certificate will be required. Land register is not enough with the old state. The current title deeds 

status document must be obtained from the relevant place and submitted to the licensed company. 

6. The big problem in the courts has been resolved in the owner's dead real estate. In the apartments that 

are trying to get along with the requests for intervention, a very big problem has been solved by granting 

the authority to assign a seatkeeper to the Ministry. 

7. In the immovables falling within the scope of the Culture and Natural Assets Law, the application of 

urban transformation will now be possible. Here, the owner or one of the owners of the building will be 

present and after the risky structure is determined, the application will be decided with the decision to be 

taken from the establishment. 

8. Evictions which are not made to tenants and limited beneficiaries are no longer valid. The tenant or 

limited rights owner must be notified about the evacuation periods of municipalities. If this is not done in 

the previous regulation, which is not sanctioned, the periods will not start. So if you have a tenant, you 

should give him a notary etc. by roads.  If you have not sent a notice of eviction, the time will be restarted 

by the municipality. 

At the end of the evacuation periods, electricity, water and natural gas services have to be stopped. No 

municipalities will not be able to refrain from writing this article again: I will not do any electricity, water or 

gas administration process. 
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9. With regard to buildings that have not been demolished at the end of the current evacuation periods, 

the expectation of the agreement of the owners is now completely abolished.2 month audits shall be 

carried out and the buildings which are not demolished shall be demolished by law enforcement support 

and civilian authority due to Disaster Relief.The situation in the previous regulation gave rise to months 

and years of elongation due to the fact that no agreement was reached with 2/3 of apartments or sites.The 

building which can no longer be demolished by supervision made in buildings or blocks shall be 

immediately demolished by the administration. 

10. At risky areas or risky structures, decisions can be made by 2/3 without destroying the structure. 

Again with the decision of 2/3 before the structure was destroyed; It will be allowed to The zoning 

application in zoning island. 

11. Blocked structures existing in a parcel are separated from structures that have not been identified as 

risky structures. A commentary will be put on the buildings where risky structures are determined. In 

practice the parcel is not over the whole, the risky structure will be decided by a majority of 2/3 of the 

total number of building owners. 

12. If the floor easement or floor ownership facilities are requested on behalf of the rights owners; It may 

be made by the Ministry, TOKI or Administration. In this case, Independent section on the rights owners 

should definitely be shown in the project. 

13. The  requirement that the building is now demolished has been removed in order to sell a 1/3 

share of the land which is not included in the decision with 2/3.So that making decision with 2/3 

and submitting 15-day warning notice to those who do not participate in the meeting has been 

made sufficient.One of the biggest problems in urban transformation has thus been solved.Due to 

the evacuation distress and contractor's obligation to pay rent,A solution has been found to delay 

the demolition request.An auction sale will be possible without demolition. 
14. After sales with auction, Cancellation of contract or contract documents, resale,That is, the process of 

prolonging the sale by repeating the sale; It is completely closed.Accordingly, the land owner who 

declares that he will sign the contract by participating in the tender; If you cancel any of the contract or 

its annexes after signing the contract, you will be sold to the highest bidder in the 90-day period and to 

the others in turn if you do not accept it.In this case, the sale has been turned into a single transaction and 

the possibility of second or third sales has ceased. 

15. Rental allowance is determined as 36 months in risky areas, 18 months at risky structures. By 

changing the previously restricted state; the owners, tenants or limited rights holders can be given rental 

allowance for all the structures that they have or have fallen under the law. The rent allowance will be 

accepted as valid if it is requested within 1 year from the date of evacuation. 

16. The tax fees and fee exemption paid to the municipalities have been removed. Municipalities will 

continue to charge fees [24]. 

3. Conclusions 

Unplanned or contrary to the provisions of the plan,constructionsare the biggest obstacles in front of the 

regular, healthy and aesthetic urbanization.The struggle with the illegal structures is one of the basic tasks of 

the administration. Due to the weaknesses and hesitations that arise in the struggle against illegal 

construction,Infrastructures and superstructure have led to the emergence of problematic cities.It is inevitable 

that cities that are unplanned, irregular and irregularly structured can not fulfill the expected function of 

themselves, but also cause risks in the safety of life and property of the people who live there.In the practice 

of urban transformation and in the struggle against disaster risk, the administration has the power to directly 

influence and create pressure on rights and freedoms.It should be essential to be moderate in the use of the 

authority recognized by the competent authority.If it is possible to transform without ending the property 

right, the practice must be carried out in this framework.The process of urban transformation should be as 

short as possible.The amendment of the regulation is also aimed for this purpose. It is considered necessary to 

create a sustainable urban model with the participation of the transformation projects, all other institutions and 

public. Implementation strategies must be defined before the transformation process begins. 

 

Rather than creating irresponsibility chains through piecemeal regulation, solutions must be produced under a 

single set of laws; and socio-economic and development plans must be displayed on terms to be addressed 

seriously. In addition, the new legal regulations have not yet fully resolved the ownership problems. There is 
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still a problem in the implementation of urban transformation and a need to reorganize property rights.It 

should not be forgotten that the main purpose is to increase the quality of life. They are missing in our laws 

and should be supported by new legal regulations. 

 

In this study, firstly, terms related to the general trend in the country's urban transformation were compared 

among themselves. The "TOKI (Housing Development Administration )" term that stands out among the 

terms was determined by the google trends program. Then the issue of urban transformation, legal and 

application dimensions were discussed in general terms. In the last part of the study, the legal grounds related 

to urban transformation and the criticisms directed to the practices were emphasized. 

 

References 
 

[1] Montgomery, M. R., “The urban transformation of the developing world,” science, 319(5864), 761-764, 

2008. 

[2] Tasan-Kok, T., "Analysing Path Dependence to Understand Divergence: Investigating Hybrid Neo-

Liberal Urban Transformation Processes in Turkey," European Planning Studies, vol. 23, no. 11, 02 Nov. 

2015, p. 2184-2209, 2015.  

[3] Tas, N. and Tas, M., "Determining of the Local Housing Identity in Urban Transformation Areas under 

Disaster Risk: Bursa, Turkey." Natural Hazards, vol. 75, no. 1, n.d., pp. 119-139, 2017. 

[4] Demirli, M., Ultav, Z., and Demirtas-Milz, N., “A socio-spatial analysis of urban transformation at a 

neighborhood scale: The case of the relocation of Kadifekale inhabitants to TOKI Uzundere in 

Izmir”, Cities, 48, pp. 140-159, 2017. 

[5] Cahantimur, A., Ozturk, R., and Ozturk, A., "Securing land for urban transformation through sustainable 

brownfield regeneration - the case of Eskisehir, Turkey." Environment And Urbanization 22, no. 1 (n.d.): 

241-258, 2010.  

[6] Çağla, H. and Inam Ş., “Yerel Yönetimler Öncülüğünde Yapılan Kentsel Yenilenme Proje Uygulamaları 

Üzerine Bir İnceleme”, TMMBO Harita ve Kadastro Mühendisleri Odası, 12. Türkiye Harita Bilimsel ve 

Teknik Kurultayı, 11-15 Mayıs, Ankara, 2009. 

[7] Ayhan, F., “Kentsel Dönüşüm Hukuku (Kentsel Dönüşüm Kavramı Ve Tarihsel Gelişimi),” İstanbul 

Üniversitesi S.S.ONAR İdare Hukuku ve İlimleri Araştırma ve Uygulama Merkezi Yayınları, s: 87, 2013. 

[8] Choi, H., and Varian, H. "Predicting the present with Google Trends." Economic Record 88. s1: 2-9, 

2012. 

[9] Carriere-Swallow, Y. and Labbe F., “Nowcasting with google trends in an emerging market.” Journal of 

Forecasting, DOI:10.1002/for.1252, 2011. 

[10] Valdivia, A. and Monge-Corella, S., “Diseases tracked by using Google trends, Spain,”. Emerg Infect 

Dis, 16(1), 168, 2010. 

[11] Troumbis, A.Y., "Declining Google Trends of public interest in biodiversity: semantics, statistics or 

traceability of changing priorities?," Biodiversity And Conservation: 1-11, 2017. 

[12] Pelat, C., Turbelin, C., Bar-Hen, A., Flahault, A., and Valleron, A. J., "More diseases tracked by using 

Google Trends." Emerging infectious diseases 15.8: 1327-8, 2009. 

[13] Carrière‐ Swallow, Y., and Labbé, F., "Nowcasting with Google Trends in an emerging market." Journal 

of Forecasting 32.4: 289-298, 2013. 

[14] Kristoufek, L., " Can Google Trends search queries contribute to risk diversification? " ArXiv önizleme 

arXiv: 1310.1444, 2013. 

[15] Valdivia, A., and Monge-Corella, S., "Diseases tracked by using Google trends, Spain." Emerg Infect 

Dis 16.1: 168, 2010.  

[16] Zhou, X., Ye, J. and Feng, Y., "Tuberculosis surveillance by analyzing Google trends." IEEE 

Transactions on Biomedical Engineering 58.8: 2247-2254, 2011. 

[17] Yılmaz, H. H., Yazıhan, N., Tunca, D., Sevinç, A., Olcayto, E. Ö., Özgül, N., and Tuncer, M.,  "Cancer 

trends and incidence and mortality patterns in Turkey." Japanese journal of clinical oncology 41.1: 10-

16, 2011. 



Taktak et al. PEN Vol. 5, No. 2, June 2017, pp. 217 – 223 

223 

[18] Esbah, H., "Land use trends during rapid urbanization of the city of Aydin, Turkey." Environmental 

Management 39.4: 443-459, 2007. 

[19] Chadwick, M. G., and Sengül, G., "Nowcasting the Unemployment Rate in Turkey: Let's Ask 

Google." Central Bank Review 15.3: 15, 2015. 

[20] Geymen, A.,"On the Use of Terrestrial Laser Scanners to Facilitate Project Studies of Urban 

Transformation in the Historic Peninsula of the Metropolitan Area of Istanbul." Lasers In Engineering 

(Old City Publishing) 20, no. 3/4: 225-239, 2010. 

[21] Güzey, Ö., "The Last Round in Restructuring the City: Urban Regeneration Becomes a State Policy of 

Disaster Prevention in Turkey." Cities, vol. 50, 01 Feb., pp. 40-53, 2016. 

[22] Ozus, E., Turk, S. S. and Dokmeci, V.  "Urban Restructuring of Istanbul." European Planning Studies, 

vol. 19, no. 2, Feb., pp. 331-356, 2011. 

[23] Kampüsü, B., "Yeni Yasal Düzenlemelerle Kentsel Dönüşüm." Planning 26.1: 51-64, 2016. 

[24] Implementing Regulation of the Law No. 6306, 

http://www.csb.gov.tr/gm/altyapi/index.php?Sayfa=sayfa&Tur=webmenu&Id=295  

 

BIBLIOGRAPHY OF AUTHORS 

 

 

 

Asst. Prof. Fatih TAKTAK, born in 1978. He graduated in 1996 as Dipl.-Ing. in Geodesy and 

Photogrammetry Engineering at Selcuk University. He obtained his MsC degree in 2005 at Kocatepe 

University. He obtained his Ph.D. degree in 2013 at Yildiz Technical University. He is since 2014, 

Asst. Prof. of Engineering Faculty, Usak University. He is currentley working on Land Management 

and urban transformation. 

 

 

 

 

 

 

 
Undergraduate:Ondokuz Mayis University / 2001, Master Degree:Ondokuz Mayis University 
/ 2005, Doctorate:Istanbul Technical University / 2012, Assistant Professor:UsakUniversity 
/ 2003, Expertise: Photogrammetry,Image Processing 

 

 

 

 

 

 

 

http://www.csb.gov.tr/gm/altyapi/index.php?Sayfa=sayfa&Tur=webmenu&Id=295


Periodicals of Engineering and Natural Sciences  ISSN 2303-4521 

Vol.5, No.2, June2017, pp. 224~230 

Available online at:http://pen.ius.edu.ba 

  

DOI: 10.21533/pen.v5i2.135 224 

Production of Dye from Green and Brown Walnut Shells  

for Leather Coloration 
 

 
Neslihan Doğan-Sağlamtimur

1
, Ersen Turaç

2
, Ruhsar Arabacıoğlu

1
, Tuğba Çivioğlu

1
 

1Department of Environmental Engineering,Omer Halisdemir University, Nigde, 51240, Turkey 
2Department of Chemistry, Omer HalisdemirUniversity,Nigde, 51240, Turkey 

 

 

Article Info  ABSTRACT  

Article history: 

Received June 13
rd

, 2017 

Revised June 15
th
, 2017 

Accepted June 17
th
, 2017 

 

 Nowadays, it is observed that there is an increasing approach to the use of 

natural substances instead of synthetic ones. As the synthetic materials and 

products are more complex in comparison to natural substances, it will take a 

long time to complete their natural cycles and return to nature, thus, causing a 

lot of environmental pollution.Green and brown shells of walnuts that are not 

only valuable crops but also important components of the Mediterranean 

dietare by-products of the walnut production, having scarce use (especially 

green shell). Thus, using shells as a source of dye will increase the value of 

the walnut production, as well as offering utilization for a by-product, which 

is produced in large quantities. The purpose of this study is to produce dye 

from wastegreen and brown walnut shells, compare quality of these dyesand 

apply themseparately in untreated leather. Before chemical processes, the 

walnut shells were chopped in a grinding mill. They were dried in an oven 

toeliminate the humidity and extracted inSoxhlet apparatus by using ethanol 

solution. Then,the ethanol solution was evaporated in controlled way and the 

produced dyes weremordanted by using potassium aluminium sulphate (PAS). 

The dyes were analysed by TLC and UV-Vis, whereas dyed leathers were 

analysed by colorfastness test. The present study showed that brown walnut 

shell dye having higher color values was better for yield, dye penetration and 

fastness properties compared to green walnut shell dye.Luminous effect was 

observed when these dyes were applied in leather. It is interesting, uncommon 

and economically valuable for leather industry.This study would be a positive 

step to meet the need of leather industry in Turkey and a good example for 

cleaner production. 
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1. Introduction 

Nuts are important components of the Mediterranean diet. Juglans regia Linn (Juglandaceae), which is 

known as the walnut, is a tall deciduous tree of about 20 meters-in-length [1]. Walnuts are widely distributed 

all over the world, and in Turkey, these species are common along the country. The Juglans genus (family 

Juglandaceae) comprises several species and spreadsall over the world. The walnut tree (Juglans regia L.) is 

its well-known member, constituting an important species of deciduous trees found primarily in temperate 

areas. It is cultivated commercially throughout southern Europe, northern Africa, eastern Asia, United States 

and western South America. In Turkey, walnut trees can be found all over the country, being the nuts very 

popular and largely consumed as part of the Mediterranean diet. Walnut green shell is a by-product of the 
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walnut production, being formed in large amounts. Probably due to its scarce utilization, this matrix is very 

little studied [2]. 

Our world is reaching to new high horizons with the growth of mankind, society, science and technology but 

the cost which we are paying or will pay in near future is surely going to be too high. Among the 

consequences of this rapid growth is environmental disorder with a big pollution problem [3]. The pollution 

control is one of the prime concerns of society today. Untreated or partially-treated wastewaters including 

dyes from various industrial effluents into natural ecosystems pose a serious problem to the environment. One 

of the important class of the pollutants is dyes, and once they enter the water it is no longer good and 

sometimes difficult to treat as the dyes have a synthetic origin and a complex molecular structure which 

makes them more stable and difficult to be bio-degraded [4, 5]. Synthetic dyes have complex aromatic 

structures which are widely used in the industries such as textiles, rubber, paper, plastics, food, and cosmetics 

to color their products [6]. These dyes are harmful to fauna, flora, and some of dyes and their products have a 

mutagenic or carcinogenic influence on human beings [7]. Even at low concentrations, dyes could be highly 

noticeable, and can cause an aesthetic pollution and disturbance to the ecosystem and water sources [8]. 

Hence, removal of these compounds from the effluents is necessary.  

The worldwide use of walnut green leaves and shells for natural dyeing of textiles has ancient roots. During 

the last years, an increased interest was noted for the use of natural dyes in textile dyeing process. Recent 

studies drew the specialists’ attention since natural dyes were found to have, besides coloring properties, good 

insecticidal effects-thus helping to the fiber protection [9]. The walnut shell that is used as a coloring agent 

belongs to the group of nutshells, a class of highly insoluble species. It has antibacterial properties.  

Natural dyes are mostly eco-friendly, renewable, biodegradable, less toxic and less allergenic as compared to 

synthetic dyes [10]. Still the use of natural dyes involves some disadvantages such as requirement of large 

amounts of plant material, limited success in dyeing synthetic materials, need for the use of mordants and poor 

light stability [11]. Overcoming these disadvantages, the aim of this study is to obtain natural dye from waste 

green and brown walnut (Juglans regia L.) shells for dye and leather industry.In this study, the leather 

coloration was performed by the dyes produced from green walnut shell (GWS) and brown walnut shell 

(BWS). 

This paper introduces an analytical method for identifying the dyeobtained from these walnut shells 

which is based on the extraction of colorant from them through a solvent using Soxhlet apparatus. In 

this study, dyeability of leather with walnut shell extracts have been investigated. Untreated leathers 

were dyed with dyes produced from GWS and BWS. Mordant wasused as to its effectiveness to 

changethe color of the leather. In the study, it was gathered much information on the chemical 

composition of the dyes produced fromGWSand BWSby using series of analysis. 

2. Material and Methods 

In general, green and brown walnutsareharvested in September when they seem to be richest in active 

principles. In the present work, GWS and BWS (Photo 1) from one walnut cultivar (Kaman) grown in Turkey, 

were studied, regarding their dyeing activities.  

 
Photo 1. GWS and BWS 
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The chemicals used in this study were analytically graded and provided by Merck Co. Following experimental 

steps were performed toproduce natural dye from GWS and BWS: (a) cracking, shelling, chopping and 

grinding of these shells (by using grinding mill) to increase the contact surface and decrease the sample 

size,(b) eliminating humidity from the shells after dried in oven, (c) extraction processing with Soxhlet 

extraction method by using ethanol solution, (d) evaporating this ethanol solution in controlled way, and (e) 

mordanting of obtained dyes by using potassium aluminium sulphate (PAS).   

At first, we employed the Soxhlet apparatus to extract colorants from GWS and BWS byethanol solvent. The 

dissolved colorants in ethanol were collected by means of rotary evaporator. In this study, 100% untreated 

leather was employed as the main substrate.  

Experimental details were as follows 

Extraction- 20 g GWS or BWS, 50 mL ethanol, 300 mL DDW, 110 °C, 4 hr.  

Mordanting- 25 °C, 4 hr. 

Dyeing- 20 g sodium carbonate, 50 g sodium chloride, 10-20 mL dye, 60 °C, 4 hr. 

Thin layer chromatography (TLC) 

TLC method by aluminum sheet, silicagel 60f254 was done. For separation of the components from the 

obtained extract, 0.5 g was diluted with 1 ml benzene; methanol-chloroform 1:1 was used as mobile phase on 

250 mm silicagel plate; eight spots were put at the starting line. The dye was quickly released from the 

starting line leading to a single strong brown spot. The compound type can be identified by mean of 
retardation factor value, Rf .  

Rf = hA/hs where hA was the average distance from the start to the middle of the spots and hs the distance 

from the start line to the solvent end line.  

Colorfastness 

Color characteristics of dyed samples were determined with a Premier Colourscan SS 6200A 

spectrophotometer using illuminant D65 and 10°standard observer in terms of CIELab values (L*, a*, b*) and 

color strength (Table 1). Colorfastness to washing/laundering (machine), water, perspiration, light and rubbing 

tests were conducted according to ISO Standards (15702,11642, 11641, 105-B02 and 11640, respectively) 

(Table 2) [12-16].  

Fastness of the color of leather to machine washing [12] is the resistance to washing under domestic machine 

laundering in water. In washing leather, not only changes in color can occur in the leather, but colored 

substances may bleed from it and may stain adjacent textile materials. In “Colorfastness of Leather to 

Machine Washing Method”, the samples of dyed leather in contact with undyed textiles, e.g. multi-fibre strips 

or wool and cotton, are agitated in a solution of a standard wash detergent (4g/L ECE Colour Fastness Test 

Detergent 77) for 30 min at 40°C. The samples are rinsed and dried.The change in color of the leather 

specimen is compared with the original leather sample and the staining of the textiles are assessed with 

standard Grey Scales.  

The colorfastness of leather to water [13] is the resistance to the prolonged action of water. Pre-wetted pieces 

of wool (W) and cotton (C), or multi-fibre fabric strips, are placed on the test surface of the dyed leather 

sample, which has been thoroughly wet out in water. The composite specimen is then placed between glass 

plates under pressure for 3 hours at 37 °C. The specimen and the textile are dried. The change in color of the 

leather specimen is compared with the original leather sample and of the textile are assessed with standard 

Grey Scales.  

By fastness of color of leather to perspiration [14] is meant its resistance to the prolonged action of an artifical 

perspiration solution. Samples of leather and textile fabrics, e.g. a multi-fibre strip or pieces of W and C, are 

thoroughly wetted out separately in an artifical perspiration solution. The textiles are placed on the side of the 

leather specimen to be tested and the composite specimen is then placed between glass plates under pressure 

for 3 hours at 37°C. The specimen and the textile pieces are dried. The change in color of the dyed leather is 

compared with the original leather sample and the staining of the textiles are assessed with the standard Grey 

Scales.  

Colorfastness of Leather to Light: Xenon Lamp Method [15] is intended to determine the resistance of the 

color of leather to the action of a standard artificial light source. The Xenon lamp has an emission wavelength 

profile close to daylight. The side to be tested of the leather sample is exposed to light from a Xenon Lamp, 

under controlled conditions, along with eight blue dyed wool standards (blue scale). The light fastness is 

assessed by comparing the fading of the leather with the fading of the blue standards. The fading is typically 

made in 2 exposure times to better assist the evaluation. The exposure time can be varied depending on the 
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lamp intensity and the blue scale level required. To measure up to a maximum blue scale level 3 an exposure 

of 20h and 80h (as below) is often sufficient for a quick checking of the light fastness rating.  

Colorfastness of Leather to Rubbing Method [16] is intended to determine the transfer of color and the 

behaviour of the surface of a leather on rubbing with an undyed wool felt.The side of leather to be tested is 

rubbed with pieces of standard wool felt under a given pressure with a given number of forward and backward 

motions. The wool felts can be either dry, wetted out in water or wetted with a solution of artifical perspiration 

at pH 8.The change in color of the felt and of the leather are assessed with a standard Grey Scales.  

Ultraviolet and visible spectroscopy (UV-Vis)  

UV-Vis spectroscopic analyses were performed on a Shimadzu UV-160A spectrophotometer. 

3. Results and Discussion 

TLC 

In TLC, the compound type can be identified by means of retardation factor value, indicating Rf (hA/hs). In 

this study, calculated Rf values of dyes produced from GWS and BWS were found to be 0.5625 and 0.6775. 

Colorfastness 

There were 2 dyes x 1 mordant type x 3 replications for colorfastness to light testing. Mordanting has an 

important effect not only on colorimetric properties but also on leather shades. Brown color and color shades 

were obtained in the presence of mordant (PAS) (Table 1).  

Table 1. Dyes Exposed to Colorfastness to Light Test 

Material Color Palette/ 

Color Swatch 

L a b Red Green Blue H S B 

GWS dye 

 

12 0 0 32 32 32 0 0 13 

BWS dye 

 

24 6 3 68 54 53 4 22 27 

Control 

 

75 3 12 196 181 162 34 17 77 

H: Hue, S: Saturation, B: Brightness  

Mordanted dyesproduced from GWS and BWS were tested for colorfastness to light in accordance with 

related test method to obtain CIELab ratings, determining the specific color coordinates L*a*b*. When 

looking at the effect of exposure, all dyes had significant effect for L* (lightness) when exposed to 24 hours of 

light. L* showed that leather dyed with GWS was darker than leather dyed with BWS after lightfastness 

testing. Leathers dyed with GWS and BWS had significant difference when looking at the L* coordinate. a* 

coordinates were not similar after light exposure for dyed leathers. Leathers dyed with GWS and BWS were 

dark gray and brown (b*), and control sample was beige after lightfastness testing (Table 1).  

Results of colorfastness to washing/laundering, water, perspiration, light andrubbing tests were given in Table 

2 and 3. The change in color of the dyed leathersis compared with the original leather sample and the staining 

of the textiles are assessed with the standard Grey Scales that are used for assessing changes in color of leather 

in colorfastness tests.The scale consists of nine pairs of grey color chips each representing a visual difference 
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and contrast. The fastness rating goes step-wise fromNote 5=no visual change (best rating)to Note 1=a large 

visual change (worst rating). 
Colorfastness (washing/laundering, water, perspiration, light and rubbing fastness) test results for leather 

sample dyed with GWSand control leather sample were the same (gray scale rating of 3 to 5), meaning that 

there was no change between them. However,colorfastness test results of leather dyed withBWSwere different 

(gray scale rating of 2 to 4+) (Table 2, 3). Leather dyed with BWS performed better than the control and 

leather dyed with GWS when tested for light fastness (Table 2).  

Table 2. Colorfastness (washing/laundering, water and perspiration fastness) test results for leather samples 

dyed with GWS and BWS 

M
a

te
ri

a
l 

Washing/laundering fastness Water fastness Perspiration fastness 

W A P N C A 

C
o

lo
r 

ch
a

n
g

e 

W A P N C A 

C
o

lo
r 

ch
a

n
g

e 

W A P N C A 

C
o

lo
r 

ch
a

n
g

e 

L
ea

th
er

 d
y
ed

 w
it

h
 G

W
S

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

3
 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
 

L
ea

th
er

 d
y
ed

 w
it

h
 B

W
S

 

4
+

 

4
+

 

4
+

 

3
/4

 

2
/3

 

4
+

 

2
-3

 

4
+

 

4
+

 

4
+

 

3
/4

 

3
/4

 

4
+

 

4
 

4
+

 

4
+

 

4
+

 

3
/4

 

3
/4

 

4
+

 

4
 

C
o

n
tr

o
l 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

3
 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
/5

 

4
 

W: Wool, A: Acrylic, P: Polyester, N: Nylon, A: Acetate 

Table 3. Colorfastness (light and rubbing fastness) test results for leathers dyed with GWS and BWS 

Material Light fastness Rubbing fastness 

Dry Wet 

Leather dyed with GWS 2 4+ 3/4 

Leather dyed with BWS 3-4 3/4 2 

Control leather 2 4+ 3/4 

 

UV-Vis 

The resulting spectra from UV-Vis analysis of the dyes at one concentration (30 μg/mL) are shown in Figure 
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1. The peaks appear around λ=667, 270 and 632 nm for dye produced from GWSand 303 and 910 nm 

wavelengths for dye produced from BWS. 

 
 

 
 

Figure 1. UV-Vis spectra of the dyesproduced from GWS (above) and BWS (below) 

4. Conclusions 

Natural dyes are excellent for their soft and lustrous pastel colors. They give harmonizing colors. Sometimes 

it is possible to obtain some brilliant colors from natural dyes using mordants. Dyes of natural origin are great 

for color experimentation as any variation in the concentration of dye, mordant, types of water, soil and 

climate give variation in colors. Moreover, using shells as a source of dye will increase the value of the walnut 

production, as well as offering utilization for a by-product, which is produced in large quantities. After many 

experiments, in this research, by adding 50 mL ethanol and 300 mL DDW at 110 °C Soxhlet extraction in 4 

hr, 20 mL (pH=5.4) natural dye was obtained from 20 g BWS as optimum value. In this study, leather 

coloration was performed bythe dyes produced fromGWS and BWS.The results indicated that leathers dyed 

with BWS performed better fastness properties when tested for light fastness,have higher color values and 

better dye penetration compared to those dyed with GWS.Overall, GWS and BWS dyes were not effective in 

dyeing leather considering rubbing, washing/laundering, water and perspiration fastness tests. However, they 

were different colorants. In conclusion, dyes produced from GWS and BWS are interesting and attractive due 

to tonal effects created by them. Luminous effect was observed in the dyed leathers. It is uncommon, 

preferred and economically valuable for leather industry. The main idea of this study is to introduce the 

chemical aspects, application methods and luminous properties of dyes produced from GWS and BWS for use 
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as a sustainable alternative in leather industry.This study would be a positive step to meet the need of leather 

industry in Turkey and a good example for cleaner production. 
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 In this days, sensitivity to environmental issues of people increased together 

with the awareness of the concept of sustainability. The structures, which are 

built in a rural residential area, are integrated with the natural environment. In 

Turkey, local traditional structures are structures that can be produced easily 

in place and materials are being used wisely. These houses which are used 

renewable natural materials carries a lot of features of the sustainable 

approach. Traditional structures have been shaped by the region where they 

are, because of the necessity. In this study, materials and construction systems 

of the traditional buildings which are located in rural areas are discussed and 

the buildings have been evaluated the context of ecology and sustainability. 
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1. Introduction 

The rural settlements which have natural, historical, and traditional values have an important part of our 

cultural heritage. Nowadays, this settlements‟ traditional culture has begun to disappear for several reasons. 

This traditional texture has included some clever solutions about the usage of material and also sustainable 

design value. Constituting the majority of part of the historical texture in rural areas has many examples of 

civil architecture as mostly residential buildings [1].  

Traditional buildings have better relations with the environment than the contemporary ones. Traditional 

buildings in Turkey inherit the values of various civilizations that have lived on these territories for centuries. 

Environmental factors have played an important role in design of these buildings, which rendered them more 

harmonized with the environment [2].  

Turkish houses have features which unite them with antiseismic construction elsewhere. In almost every part 

of Turkey, there exist a large proportion of traditional buildings with ecological properties, energy and natural 

resources save-low environmental impact, which were built at various times in history [2]. 

Sustainability is a new concept with various perspectives in communities. Cities and rural areas are in the core 

of attention for developing. 

There some elements which are needed to establish a sustainable economy in rural areas that are 

infrastructure, clean seeds, guidance in crops and livestock production, and credit as well as cooperatives, 

education, marketing facilities, farm machinery, water supplies, and diverse economic activities. All of them 

are necessary to establish a sustainable and efficient rural development in each village [3]. 

Sustainability, as a new paradigm in the past three decades, showed through some scientific evidence that 

flora and fauna species, water, air, forests, deserts and other ecosystems began to destroy and natural 
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resources were overused. Since sustainability is a multidimensional issue (local, regional, and international 

dimensions), it have to be developed at a level that people live, work and interact with each other and with 

nature such as local level [3]. 

The various sustainability issues are interwoven, and the interaction of a building with its surroundings is also 

important. The environmental issues share, in common, concerns which involve the reduction of the use of 

non-renewable materials and water, and the reduction of emissions, wastes, and pollutants [4].  

Although social, economic, and cultural indicators are of significant importance to the concept of sustainable 

building, this concept is often based on environmental properties [4]. The concept of sustainability with 

respect to buildings is still poorly defined. Much of the focus is on the use of energy in buildings. Although 

sustainable building is a multidimensional concept, attention to the issue often focuses solely on 

environmental indicators, ignoring the substantial importance of social, economic and cultural indicators. 

Building sustainability involves various relations between built, natural and social systems [5]. 

Research in the area of sustainability has produced a significant amount of knowledge that is presented in the 

literature. 

The aim of sustainability assessments is to gather and report information for decision-making during different 

phases of the construction, design, and use of a building. 

2. Rural Area and Rural Structural Types in Turkey 

Rural population (% of total population) in Turkey was last measured at 26.60 in 2015, according to the 

World Bank. Rural population refers to people living in rural areas as defined by national statistical offices. It 

is calculated as the difference between total population and urban population.This page has the latest values, 

historical data, forecasts, charts, statistics, an economic calendar and news for Rural population (% of total 

population) in Turkey [6]. Rural population is given Figure 1.  

 

Figure 1. Rural Population of Turkey [6] 

Buildings built in rural areas show significant differences depending on climatic conditions, preferred or 

locally available construction materials, traditions, income levels of the owners and their social habits. Rural 

housing types show themselves in different forms in different regions of our country. However, a particular 

type is most common in the area and it is said that this type of rural residence dominates the region [7]. In 

rural houses, whatever building materials stone, mud brick or wood, primitive construction technology is 

produced with materials and construction techniques close to each other all over the world [8]. 

Rural and urban settlements are the units that have different attributions and they do not have similar 

localities. These settlements have different lifestyles that have distinctive characteristics according to the 

economical and social activities and the relationship with the nature. Rural areas are qualified according to 

density of rural functions. These functions are showed up in using of land, in style of production style, in 

professional structure, in the characteristics of rural area and in the magnetic field of the producer and the 

service society. Because hegemony of the rural functions means less urban functions at the same time, „rural 

areas‟ can be characterized as places that do not belong to urban areas [9]. 

The meaning of Rural Residence is the structures built by the dwellers themselves without any engineering 

services and with the use of local/regional material and technology. In addition to the rural areas many 

structures, which is located in around the metropolis, have been built without engineering services such as 

architectural design and static calculation. while building these structures people maintain to use 

constructional techniques, which are formed by instinctively rather than technically. The fact that the rural 

residences are still being constructed with the use of similar materials and construction technology all over the 
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world is a factor easing their classification. There are many types of structural systems traditional rural 

domestic architecture in Turkey, resulting from cultural attributes, related to material availability and climate. 

Modern buildings in the cities are generally built as reinforced concrete. Traditional wooden buildings were 

generally constructed in the ancient parts of city [10-11]. 

The rural residences are still being constructed with the use of similar materials and construction technology 

all over the world is a factor easing their classification [11].  

There are different approaches to the classification of rural structures in Turkey. A classification based on the 

carrier characteristics of the building systems is given in Figure 2.2. and Distribution according to regions is 

given in Table 2.1. [12].  

Table 1. Classification of standard buildings in Turkey [12] (Korkmaz, 2007) 

Category  Type  Region Description 

wooden frame 

buildings  

Rural 

“Himis” 

North and West 

Anatolia 

Frames made of unsorted and 

uncomplicated wood logs are 

filled with stone or mud 

brick. The dams are heavy, 

sometimes soil. 

Urban 

“Bagdadi” 

West Anatolia The thin horizontal slats are 

crushed and the wall padding 

is light and plastered to the 

wooden carrier frames that 

are carved and painted 

carefully. 

Masonry 

Structure 

Adobe Central Anatolian Walls made of mud, 

sometimes plastered with 

mud and heavy soil drips. 

Lintel and joinery are used 

from the tree logs. 

Stone Eastern Anatolia There are various types from 

mud mortar rubble to cement 

mortar stones. Sometimes 

only basements are made of 

stone. 

Blend Brick All Region It's a common building 

material. Lightweight, 

economic and also aesthetic 

constructions can be 

achieved. 

coring brick  All Region It is used for making 

buildings such as bricks. The 

building is secured with lintel 

and lentiles. 

mixed All Region Concrete reinforced concrete 

structures on perforated brick 

walls and simple reinforced 

concrete columns with adobe 

filled walls 

Reinforced 

concrete 

Structure 

 All Region On-site pouring carcass 

buildings and fitted 

upholstery. Rarely 

prefabricated buildings are 

also found. 

http://tureng.com/tr/turkce-ingilizce/category
http://tureng.com/tr/turkce-ingilizce/type
http://tureng.com/tr/turkce-ingilizce/description
http://tureng.com/tr/turkce-ingilizce/wooden%20frame%20buildings
http://tureng.com/tr/turkce-ingilizce/wooden%20frame%20buildings
http://tureng.com/tr/turkce-ingilizce/horizontal%20coring%20brick
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Figure 2. Classification of rural buildings in Turkey 

3. Evaluation of Traditional Housing Architecture in the Context of Sustainability 

In our country, where 35% of the population lives in rural areas, sustainable rural development is increasingly 

a challenge. In sustainable rural development with economic, social and environmental dimensions, one of the 

most important problems is the sustainability of the existing structures in the countryside and, together with 

this, the sustainability of local architecture and construction traditions in new constructions [13].  

Local architecture is adaptable or exhibits features that can be improved over time as needs and conditions 

change. It is the basis for the sustainability of the interpretation of architectural designs in terms of the value 

of the local architects' own structure and the current technology. While local characteristics are being 

maintained, building a balance between the past and the future, depending on changing conditions, makes the 

architecture sustainable [14]. (Ovalı and Delibas, 2016). 

The purpose of sustainable construction is "The creation and management of healthy environments based on 

the effective use of resources and ecological design". While traditional construction in rural settlements 

focuses on cost, performance and quality objectives, sustainable construction focuses on these goals in 

addition to minimizing resource consumption and environmental degradation and creating a healthy 

environment [13]. Sustainable structure can be summarized as a reflection of sustainability and sustainable 

development in the construction sector. Three sustainability indicators stand out in sustainable structures. 

These; Ecological sustainability, economic sustainability and social / cultural sustainability. 

There exist several studies about rural structures and some of them given in Table 2. Table II summarizes 

scientific works available in the literature considering sustainability of the rural structures. 
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Table 2. Some works available in the literature about sustainability of rural structures 

Authors Year Fields of 

application 

Objectives of the evaluation 

Tascı and 

Pekdogan 

[1] 

2015 Sustainability, 

ecology, rural 

settlements, 

To evaluated rural area and 

structures in terms of settlement 

of topography, relationship 

between green texture and 

housing, space organization also 

building materials and building 

forms variances 

Altinkaya 

at all. [15] 

2011 Sustainable housing, 

rural settlement 

To evaluated Sustainability in 

Rural Settlements 

Kusat [16] 2014 Rural development, 

Rural area, 

Sustainable 

development 

To evaluated sustaınable rural 

development 

Gorgulu 

and Koman 

[13] 

2013 Rural housing, 

sustainable rural 

development, rural 

setlements, masonry 

construction. 

To determine a masonry wall 

type for rural housing in the case 

of Kayseri 

Sagıroglu 

and 

Karayazı 

[17] 

2017 Rural Dwellings, 

Sustainability, 

To Preservation of Traditional 

Rural Dwellings 

Ovali and 

Delibas [14] 

2016 Environmental 

sustainability, 

vernacular 

architecture 

Analysis of rural area Within the 

Scope of the Sustainability of the 

Vernacular Architecture 

Arpacioglu 

at all. [19] 

2016 Rural Sustainability, 

Adobe, Traditional 

Construction, 

Energy Efficiency 

To Conservation of Village 

Houses in the Context of Rural 

Sustainability 

4. Conclusion 

Preserving the local architectural heritage and transferring it to future generations is important in terms of 

sustainability. Local architecture must be studied and assimilated in order to determine the knowledge of 

production cultures based on experience and to convey the knowledge acquired in the production cultures 

created today. 

Traditional settlements have been produced from existing sources, from readily available and transformable 

materials. They use the available resources to maintain thermal comfort without additional measures and thus 

carry sustainability principles. It is observed that traditional textures have a certain ecological sensitivity when 

their production and usage stages in the historical process are examined. 

from a theoretical basis. 
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 Raman and FT-IR spectra of N,N-Dimethylaniline (DMA) molecule, which is 

a monoazo disperse dye, were recorded in the regions of 0 to 2085 

cm
−1

(Raman) and 350-4000 cm
-1

 (FT-IR).Vibrational frequencies calculation 

and molecular electronic potential surfacehave been computed by 

usingdensity functional B3LYP method with the 6-31+G(d,p) set for the 

ground state geometry of the title molecule.Total potential energy 

distributions (TED) was obtained with Scaled Quantum Mechanical 

calculationsto make thefundamental assignment.Assigned fundamental modes 

of DMA molecule were compared with the previous reported experimental 

values.  
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1.  Introduction 

For dying of natural and synthetic fibresare widelyused azo dyes[1], [2].For example, disperse dyes using has 

been continuouslyincreasing in the textile industry after the discoveryof synthetic fibres[1].Also,many high 

technology fields are using azo dyes, such as electronic devices, linear and nonlinear optics, reprography, 

sensors.Disperse dyes are the most important dyes group for dyeing of hydrophobic fibers[3]–[5].Molecular 

structure analysis of a monoazo disperse dye, N,N-dimethylaniline (DMA, as shown Fig. 1) molecule was 

fully characterized by Arslan et al.[6].  

 
Figure 1. The optimized molecular structure of the DMA molecule (The structure were drawn using CYLview 

1.0b[7]). 

Calculated and experimental IR and Raman spectrums show that the all-inclusive picture on electronic 

possessions [8] and the correct structure information about thestudied molecule. Vibrational frequencies 

mailto:berna@mku.edu.tr
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investigation and detail IR and Raman spectroscopy analysis help for proper assignments of compound 

molecules. Then, the complete vibrational assignments and the simulated IR-Raman spectra of the 

fundamentals were constructed by using Density Functional Theory (DFT) and the scaled quantum 

mechanical force fields (SQMFF) procedure product of its potential energy distribution values. 

2. Material and method 

2.1. Experimental 

The Infrared (IR) spectrum was recorded in the region 350-4000 cm
-1 

by using Perkin Elmer Spectrum Two 

with U-ATR FTIR spectrometer. In this study, the Raman spectrum was measured by using Renishaw inVia 

confocal Raman microscope (Gloucestershire, UK) and a nearinfrared diode laser (785 nm)maximum at 

500mW, 1200 lines/mm source. A 1024×256 pixels CCD array detector detected Raman scattering signals. 

Raman range from 0 to 2085 cm
−1

 was detected with a 50× objective. 

2.2. Computation 

In this work, the calculations were carried outoptimized geometry, fundamental frequencies and amap of 

molecular electrostatic potential calculations by using DFT the B3LYP method and 6-31+G(d,p) basis set by 

utilizing the Gaussian 09 W[9] program package for studied molecule. The frequency calculations showed 

that the structure is in the state of the true minimum of potential energy. 

The cartesian coordinates force fieldswere converted to the internal coordinates [10], [11] for the 

corresponding optimized structure. In the scaled quantum mechanical force fields[12]methodology, an internal 

coordinate representation of the cartesian force constants, which are obtained using B3LYP/6-31+G(d,p) 

level. Then the elements of the internal force constant matrix (Fij(scaled)) are scaled based on scaled factors (si 

and sj), 

 Fij(scaled)=(si)
1/2

Fij(sj)
1/2

 (1) 

In this study, initial scaling factors (si) are used as recommendedby Baker[13], [14]in Table 1. Then direct 

scaling of the F=[Fij] matrix is used for fitting the calculate fundamental wavenumbers to the corresponding 

experimental.  

 Fij=(sisj)
1/2

Fij (2) 

Table 1. Using initial scale factors (si) 

Vibrations  Bonds Scale factor 

Stretching 1 C-N, N-N, C-O  0.9207 

 2 C-H  0.9264 

Bending 3 C-C-H 0.9431 

 4 C-X-X 1.0144 

Torsion 5 X-X-X-X 0.9523 

Scaling factor optimization method is defined by merit function[14]; 

 𝜒2 𝑠𝑖 =    𝜐𝑖
𝑒𝑥𝑝

− 𝜐𝑖
𝑡ℎ𝑒𝑜𝑟 (𝑠𝑖) 𝑤𝑖 

2
 (3) 

In addition, thetotal energy distribution (TED)isdetermined stretching, bending or torsion percentages 

contribute to a particular normal mode. The Infrared and Raman spectrum were plotted in terms of Gaussian 

band shapes with 7 cm
-1

 bandwidth by using the SQM outputs. For scaling to getting these internal coordinate 

force were carried out with the scaledquantum mechanical force fields procedure by utilizing the Parallel 

Quantum Solutions (PQS) program [15].  

Molecular electrostatic potential V(r)is definedbythe electronic density function: 𝜌(𝑟′)and ZA is the 

charge on the nucleus A, located at RA[16]–[18]. 

 V(r) =  
𝑍𝐴

 𝑅𝐴−𝑟 
−𝐴  

𝜌(𝑟 ′ )

(𝑟 ′−𝑟)
d 𝑟′  (4) 
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To observe and get information about variably charged regions of the molecule, the map of molecular 

electrostatic potential was investigated using theoretical calculations. 

3. Results and discussion 

3.1. Vibrational assignments 

The computed vibrational assignments were used for identifying the vibrational modes clearly in Fig.2., Fig.3. 

and Table 2.  In this study, all weighted 105 fundamental frequencies RMS and mean average deviation are 

7.46 and 3.78 respectively. The RMS values of the calculated SQM in the pre-fingerprint region (<500 cm
-1

), 

fingerprint region (500-2500 cm
-1

) and post-fingerprint region (>2500 cm
-1

) are 3.45, 6.89 and 15.57, 

respectively. Hence, overall agreement between the SQM and experimental frequencies can be made with 

confidence. The both experimental and calculated IR and Raman spectrum of the title compounds are 

graphically illustrated in Fig. 2. and Fig. 3. The calculated SQMFF Raman and IR absorption spectrum 

bandwidth were plotted with 4 cm
-1

 in this study (in Fig. 2 and 3). The observed and calculated vibrational 

frequencies with the TED assignments were given in Table 2. Discussion for the characteristic spectral region 

is summarized as below. 

 

Figure 2. A comparison of the experimental (solid phase) Raman spectrum of DMA molecule with the 

calculatedRamanspectrum obtained at the B3LYP/6-31+G(d,p) level of theory within the SQMFF 

methodology. 
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Figure 3. A comparison of the experimental (solid phase) IR spectrum of DMA molecule with the calculated 

IR spectrum obtained at the B3LYP/6-31+G(d,p) level of theory within the SQMFF methodology. 

3.1.1. C-H vibrations 

The aromatic C–H stretching vibrations are expected to appear wavenumber range 3100–3000 cm
–1

[19]. 

Calculated SQM values of these bands at 3024 cm
-1

 to 3056 cm
-1

 are due to the C-H ring vibrations. C–H 

stretching vibrational modes in CH3 groups are defined by the absorption bands in the 3000–2850 cm
–1

 range 

[19]. CH3 symmetric stretching is assigned at 2910 cm
–1

week band, while the calculated wavenumber is 2890 

cm
–1

. 

3.1.2. N=N vibrations 

Although azo compounds are no significant N=N stretching bands are expected in infrared spectroscopy, the 

N=N stretching band is generally strong intensity in Raman spectra[19]. Because of the azo compounds being 

non-polar in nature, the azo group is difficult to identify by infrared spectroscopy. In this study, N=N 

stretching vibrations are assigned 1368 cm
-1

 Raman and 1408 cm
-1

 and 1360 cm
-1

 IR[20]. The bands observed 

at 1488 cm
-1

 (IR), 1487 cm
-1

 (R), 1508 cm
-1

 (IR) and 1531 cm
-1

 (IR), 1532 cm
-1

 (R) in our before studies[21]. 

In this study, 1389 cm
-1

 strong Raman and 1425 cm
-1

 very weak IR band are observed, while the SQM 1418 

cm
-1

. 

3.1.3. C-N vibrations 

The characteristic functional of amine C-N range is expected 1240-1020 cm
-1

[19]. The bands observed at very 

strong 1139 cm
-1

 and medium 1201 cm
-1

 Raman shift and also observed bands: 1179cm
-1

, 1160cm
-1

, 1137 cm
-

1 
in the IR spectrum. The theoretically calculated CN vibrations (1122 cm

-1
, IR and R, 1185 cm

-1
 medium IR 

and R) are in good agreement with the experimental bands.  
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Table 2. The assingments of the fundamental vibrations for the title molecule and comparison between the 

calculated DFT, SQM and observed experimental results 

 

No Freq
a

IIR
b

IRaman
c

Freq
d

IIR
e

IRaman
f

TED(Total Energy Divibution)(>5%)
h

105 3233 18.4 162.8 3056 18.3 162.3 CH sym v(95)

104 3230 12.3 52.2 3054 12.4 47.7 CH sym v(91)

103 3230 0.2 75.0 3053 0.1 79.9 CH sym v(95)

102 3216 3.2 54.6 3040 3.2 55.2 CH asym v(99)

101 3214 11.8 150.6 3039 11.8 150.2 CH sym v(98)

100 3211 1.2 75.5 3035 1.2 76.0 CH asym v(98)

99 3201 2.8 59.8 3026 2.8 59.7 CH asym v(99)

98 3199 6.1 57.6 3024 6.2 58.0 CH asym v(99)

97 3161 17.5 199.1 2988 17.4 199.2 CH3 asym v(100)

96 3156 43.5 270.2 2983 43.6 270.0 CH3 asym v(94)

95 3143 1.6 7.2 2971 1.6 7.3 CH3 asym v(93)

94 3108 8.4 51.0 2938 8.4 51.1 CH3 asym v(100)

93 3057 72.6 145.6 2890 72.7 145.7 2910 w CH3 sym v(99)

92 3056 0.0 165.5 2889 0.0 165.0 CH3 asym v(100)

91 3045 3.5 252.3 2879 3.5 251.8 CH3 sym v(100)

90 3014 152.4 318.4 2849 151.3 319.1 CH3 sym v(94)

89 3007 91.7 192.8 2842 91.6 192.6 2825 vw CH3 asym v(93)

88 1744 295.0 632.9 1681 286.1 617.4 1668 m 1670 w CO v(83)

87 1658 518.5 316.9 1599 513.9 272.6 1604 m CC v(55)

86 1647 138.5 4089.2 1589 162.7 4278.9 1590 m 1591 m CC v(53) + NN v(5)

85 1610 24.9 106.7 1557 41.2 276.0 CC v(63)

84 1593 27.2 94.7 1543 26.5 107.0 CC v(60)

83 1559 354.4 73.4 1518 219.5 6.9 1521 m CH3 b(50) + HCN b(17) + CN v(6)

82 1538 2.0 1271.2 1501 36.7 241.9 CH3 b(35)

81 1532 118.5 727.6 1499 72.4 92.3 1487 vw HCH b(22)+NC v(9) +NN v(5)

80 1523 0.8 95.4 1478 14.8 36.0 HCH b(44)+HCNC t(21)

79 1501 185.9 1100.6 1476 119.1 2155.0 HCC b(18)+ NN v(15) + CC ring v(13)

78 1497 15.0 35.9 1469 0.0 7.2 CH3 b(58)

77 1493 18.8 215.5 1467 11.9 13.1 CH3 b(60)

76 1488 0.0 7.2 1458 134.1 1257.4 CH3 b(34)

75 1486 11.7 13.3 1456 13.9 75.2 CH3 b(63) + t(31)

74 1476 6.4 325.5 1451 14.4 6060.0 1446 vw 1442 w NN v(15) + CC ring v(8)

73 1475 115.3 3765.5 1430 50.7 2769.4 1415 w NN v(10) + CC ring v(7) + CH3 b(35)

72 1452 3.4 181.6 1418 46.7 2371.7 1425 vw 1389 s NN v(8) + CC ring v(19) +  t(35)

71 1440 171.8 4393.3 1390 239.6 6536.5 1388 vw CC ring v(21) + HCC ip b(20) + NN v(16)

70 1396 503.6 828.6 1359 30.9 37.8 1362 m 1365 m CH3 b(89)

69 1391 118.9 42.3 1349 549.6 907.7 CN v(37) + CC ring v(6)

68 1378 137.6 496.6 1333 169.7 673.8 CC ring v(62)

67 1365 36.8 725.8 1318 55.5 868.9 1315 w 1314 m CC ring v(74)

66 1341 42.5 681.0 1291 42.9 882.9 1310 vw 1297 vw HCC ring b(70)

65 1326 0.1 73.3 1274 2.2 60.6 1262 m HCC ring b(73)

64 1293 10.9 204.6 1246 68.4 324.9 1252 m 1250 vw CN v(24) + CC v(14)

63 1280 538.7 705.7 1239 517.7 423.4 1232 m 1240 vw CN v(24) + CC v(26)

62 1274 77.4 159.0 1224 39.3 89.0 CN v(39) + CC v(22) + HCC(7) + HCN(5)

61 1229 1.8 2467.0 1185 11.7 3657.5 1179 w 1201 m CN v(25) + CC v(14) + HCC ip b(6)

60 1198 46.3 14.8 1155 30.2 21.2 1160 w HCN b(33) + CN v(8)

59 1185 133.6 73.3 1136 168.5 186.4 1137 m 1139 vs CN v(8) + HCC ip b(34)

58 1165 510.4 25.9 1122 480.5 8284.2 CN v(17) + HCC ip b(27)

57 1148 15.7 311.8 1105 10.9 136.5 HCC ip b(58) + CC v(18)

56 1141 0.0 0.9 1096 0.0 1.0 HCN b(78)

55 1138 0.1 0.3 1092 0.2 0.5 HCN b(80)

54 1132 15.7 245.4 1088 12.4 100.2 CC ring v(22) +  HCC ip b(58) 

53 1089 3.1 608.9 1056 5.4 1099.5 1070 m

CC ring v(25) +  CC v(10) +

 OCC b(7)+ CCC b(16)

IR Raman

SQMB3LYP/ 6-31+G(d,p) Observed
g
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Table 2.(Continued)

 

No Freq
a

IIR
b

IRaman
c

Freq
d

IIR
e

IRaman
f

TED(Total Energy Divibution)(>5%)
h

52 1082 26.3 5.0 1039 26.2 5.1 HCN b(36) + CN v(29)

51 1044 0.6 0.4 1008 0.3 0.7 1014 vw 1010 m HCC b(43) + t(37)

50 1022 2.7 251.5 998 5.1 297.7 HCC ring ip b(66) + CC(31)

49 1013 0.2 15.1 994 0.4 0.1 t(67) + HCC b(11)

48 1010 0.2 0.3 989 0.2 38.2 984 w CCC ring op b(75) + CC ring v(21)

47 982 0.4 0.3 967 0.3 0.3 t(78)

46 977 0.2 0.8 962 0.1 0.7 t(81)

45 967 1.6 0.1 952 1.3 0.1 954 m t(78)

44 964 38.0 7.6 933 69.2 27.0 949 m CN v(32) + CNN b(14)

43 960 98.9 150.4 927 44.2 179.5 925 w CC v(25) + HCC b(27)

42 937 0.5 20.2 919 24.1 19.5 CC v(28) + CNN b(24)

41 873 48.1 0.4 851 49.4 0.4 851 m t  ring op(76)

40 850 6.1 77.1 828 23.4 0.4 835 m t ring breath(75)

39 849 20.5 0.4 824 6.5 66.7 822 m CC v(36) + CN v(19) + CCC ring ip b(5)

38 837 37.8 0.0 817 33.6 0.0 817 vs t ring op(62)

37 810 0.6 0.9 790 0.5 0.8 t ring op (93)

36 761 0.3 79.6 746 1.6 114.1 751 CN v(13) + CC v(11) + CCC ip ring(6)

35 745 2.0 0.5 728 2.1 0.3 737 w 719 t(6)

34 732 0.1 3.9 715 0.0 4.2 t(7)

33 707 23.6 1.8 689 22.9 1.2 694 w CCC ring b ip(27) + CN b(27) + CC v(20) 

32 653 4.1 2.5 646 4.4 2.7 641 CCC ring b ip(27)

31 642 2.3 43.2 635 2.8 48.4 637 w 629 CCC ring b ip (35)

30 608 36.1 2.3 602 34.5 3.1 599 CC v(18) + OCC b(33)

29 603 21.7 0.4 587 22.7 0.4 585 s HCC b(13) + t(34)

28 559 4.2 1.8 557 3.7 3.3

NNC b(11) + CNC b(9) + 

NCC b(7) + OCC b(6)

27 548 13.5 1.9 540 12.1 14.4

NCC b(16) + CNC b(12) + 

NNC b(8) + OCC b(5)

26 541 12.3 14.8 537 12.7 1.8 531 s t(37)

25 502 0.9 0.1 490 0.9 0.1 489 t inter ring(11)

24 488 9.4 15.1 485 7.9 12.9 485 w

CNC b(26) + CCC b(15) + 

OCC b(6) + NCC b(5)

23 466 0.5 36.3 462 0.4 35.0 466 w

CNC b(29) + NCC b(6) + 

NNC b(5) + OCC b(5)

22 446 0.0 0.3 435 0.0 0.3 436 vw 440 vw tros(70)

21 426 0.9 23.8 424 0.9 30.0

CCC b(19) + CNC  b(17) +

OCC b(10) + NC v(6)

20 420 0.0 0.0 409 0.0 0.0 t(77)

19 396 0.5 0.7 387 0.5 0.7 t(43)

18 354 9.0 0.7 350 8.6 1.0

CC v(15) + CN v(6) + CCC b(12) +

OCC b(11) + CNC b(8)

17 315 1.3 3.0 313 1.9 3.5 313 m NCC b(43) + CNC b(20)

16 313 2.0 3.4 308 1.4 3.0 t(38)

15 257 2.5 0.3 251 2.5 0.4 CH3 t(60)

14 232 7.7 1.0 233 7.9 1.1 NCC b(28) +  CCC b(26) + CNC b(19)

13 204 0.1 0.2 199 0.1 0.2 CH3 t(72)

12 188 6.1 1.4 186 6.5 1.9 179 w CN v(14) + CNN b(6) + CCC b(26)

11 171 0.9 1.9 167 0.9 1.9 t(51)

10 162 0.1 0.2 157 0.1 0.2 156 vw t(100)

9 147 0.8 1.7 147 0.6 2.0 NCC b(30) +  NNC b(6) + CCC b(16)

8 143 0.5 0.9 140 0.5 0.8 t(45)

7 74 0.2 1.4 72 0.1 1.4 t(52)

6 69 1.4 0.3 68 1.6 0.3 t(40)

5 62 2.8 1.0 60 2.8 1.0 t(73)

4 48 0.5 0.9 49 0.5 0.9 CNN b(90)

3 41 0.8 1.9 40 0.8 1.9 t(63)

2 25 2.5 1.2 24 2.4 1.2 t(61)

1 18 0.1 0.3 18 0.1 0.3 t(80)
a 

Harmonic Vibrational Frequencies;
 b 

Infrared Intensities; 
c 

Raman Intensities;

d
SQM Frequencies; 

e
Infrared Intensities; 

f
Raman Intensities; 

g
 vw, very weak; w, weak; m, medium; s,vong; vs, very vong

h
The number after the modes are the % potential energy calculated using normal coordinate analysis; v, stretching; b, bending; t, torsion

IR Raman

B3LYP/ 6-31+G(d,p) SQM Observed
g
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3.2. Molecular electrostatic potential 

The map of molecular electrostatic potential (MEP) surface visualizes the reactive sites of the DMA (in Fig. 

4).The electrostatic potential increases red toblue potential region 

(red<orange<yellow<green<cyan<blue)positive and negative respectively. Map of electrostatic potential 

contour positive and negative potentials for the DMA compoundare figured out in Fig. 5, at B3LYP/6-

31+G(d,p) level. 

 
Figure 4. The 3D map of MEP surface of the DMA molecule. 

 

 
Figure 5. The 2D map of MEPcontourof the DMA molecule. 

4. Conclusions 

The experimental and theoretical values of the vibrational frequencies of the studied molecule were compared. 

The RMS and mean average deviation of DMAfundamental vibrations were found as 7.46 and 3.78, 

respectively. This shows that the calcaulated frequencies are in good agreement with the experimental ones. 
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