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Key Emergency Measure to Address the Continuing Development 
of General Loss of Electricity to the During COVID19 Pandemic 
Time

Vehebi Sofiu 1*, Sami Gashi 2 

Abstract: Supply of Electricity is an urgent demand and one of the biggest challenges that 
Kosovo has for stable electricity for all consumers in the country. The research refers to the 
global events in the case of the spread of the pandemic COVID 19, which means the 
economic recession and the worsening of electricity generating poverty is continuing to this 
day in all over the world. The time of the pandemic has changed the consumption and 
generation of losses of energy and the increase of losses in the network distribution, which 
means 'unsustainable developmental manifestations' and complex constraints of energy 
poverty. Reflecting the share of the decline of the industrial sector, especially energy 
intensive industries, in the total consumption of electricity, industrial use of energy, currently 
a c c o u n t s  f o r  3 0 %  o f  t o t a l  consumption, In the comparisons of electricity 
billing and other technical factors, there is a continuous decrease from the middle of March 
2020, when the closure of state borders and other businesses using electricity began, which is 
in fact in contrast to the increased share of commercial service and residential use in general 
consumption. The main purpose of this work is to promote development policies for 
management decision-making in the energy sector, to support energy supply and energy 
consumption services in the household sector, which in Kosovo is the main consumer of 
electricity. Use of EON technology Reality Virtual Education is the practical part of 
developing processes in the classroom 3.0 virtual learning system and solving emergency 
problems during the pandemic time that has gripped the globe it's a good opportunity. 

Keywords: Energy consumption; electricity losses, sustainable development, AVR platform. 

1



1 Professor at UBT - Higher Education Institution Kosovo 
* Corresponding author: besa.veseli@ubt-uni.net 
 

International Conferences on Science and Technology 
Engineering Sciences and Technology 
ICONST EST 2020 
 
 

Institution of Higher Education, UBT-College, Energy Efficiency 
Engineering 
 
 

Besa Veseli 1 
 

 
Abstract: The main purpose of this paper is to provide data for management decision-making 
in the energy sector, which will support the economic, social and environmental aspects of 
sustainable energy development in Kosovo. The focus of the paper precisely specifies the aim 
of better understanding the relationship between energy supply service and energy 
consumption in the household sector, which in Kosovo is the main consumer of electricity, 
firewood and heating services central. 
 
Of particular importance in this process is electricity, where due to the pandemic caused by 
COVID-19 disease, distance learning is broadcast on Kosovo public television at certain 
times, while due to the closure of many economic activities in some sectors of work is being 
done from home.This current situation that Kosovo and the whole globe are facing has 
increased the demand for electricity among household consumers. 
 
As well as the interconnection of economic development in terms of electricity demand at this 
time when everyone is called to stay home, due to avoiding the spread of the pandemic is 
definitely the demand for communication technology (internet), where it becomes possible to 
realize distance learning and the realization of tasks and requirements for efficient work in 
pandemic times, to make staying at home as easy and enjoyable as possible for all people who 
carry out their work through the Internet. The current situation of the Covid-19 pandemic has 
had an impact on improving air quality. 
 
Keywords: Electric energy, Economic development, Online education, Air quality, Pollution 
parameters, Health effects. 
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Evaluation of Ship Profiles in Istanbul Port Region with Two-
Stage Clustering Analysis 
 

Fırat Bolat1* 
 

 
Abstract: The increase in industrial production and thus world trade has also increased the 
significance of the maritime sector further. Ports are of strategic importance as trade points in 
this sector. Strategies for reducing maritime transport costs and waiting-periods for the ships 
in ports cause increased competition between ports. Clustering theory focuses on the 
industries of certain regions defined as industrial zones. Most of the research on the maritime 
industry focuses primarily on its structure and economic impacts on national economies, 
without providing detailed information on particular economic and technological activities at 
the regional level. However, successful clusters are seen as means for regional and national 
growth. In this context, a two-stage clustering analysis was conducted, considering the 
different characteristics of the ship profiles that visited the area covering three administrative 
ports (Ambarlı, Tuzla, İstanbul) of the Istanbul Port Region. The clustering was made 
according to the type and flags of the ships that visited Istanbul Port Region, the ports they 
visited and the length of stay in the ports they visited. The clustering characteristics of the 
Istanbul Port Region were extracted with regard to the ship profiles. 
 
Keywords: Clustering Analysis, Maritime, Transportation, Istanbul Port Region 
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Knee Joint Reaction Force in Patients with Cerebral Palsy 
 
 

Yaşar Mahsut Dinçel1*, Derya Karabulut 2, Yunus Ziya Arslan2,3 
 

 
Abstract: Understanding the biomechanics of the knee joint in cerebral palsy (CP) patients 
with crouch gait has substantial importance for the treatment decision making. Unlike from 
the clinical gait analysis providing valuable information about kinematics and kinetics of the 
patients, musculoskeletal modeling and simulation methods enable us to calculate joint 
loadings, thereby providing critical insight regarding the degeneration of the knee joints.  
 
In this study, we aimed to investigate the difference between the joint reaction forces of 
patients with CP and healthy individuals. To do so, open-access gait datasets of children with 
CP having mild crouch gait and healthy-matched individuals were analyzed in OpenSim. The 
generic Rajagopal’s full-body musculoskeletal model was scaled to each patient’s 
anthropometric properties. Joint angles and joint moments were obtained using inverse 
kinematics and inverse dynamics approaches, respectively. Joint Reaction tool of OpenSim 
was utilized to calculate the joint reaction forces. Then, root mean square difference and the 
Pearson cross-correlation coefficient were calculated to quantify the difference between the 
joint reaction forces of children with CP and healthy individuals. Since the crouch gait pattern 
primarily affects the knee joint, results were provided only for the knee joint. 
 
We found a significant difference between patients with CP and healthy individuals in terms 
of root mean square difference values, while no statistical difference was detected in terms of 
Pearson cross-correlation coefficient values. The average magnitude of the joint reaction force 
in patients with CP was higher than that obtained from the healthy group (p<0.05). The 
pattern of the joint reaction force of patients with CP was similar to that obtained from the 
healthy group (p>0.05). It can be deduced from the results that the magnitude of the joint 
reaction force differs significantly between patients with CP having mild crouch gait and 
healthy individuals, while profiles of the joint reaction forces of two groups have similar 
patterns. 
 
Keywords: Cerebral palsy, Knee joint, Reaction force, Musculoskeletal modeling, OpenSim. 
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Utilization of aluminum plant's wastes 
 
 

Biljana Zlaticanin1*, Branislav Radonjic1, Sandra Kovacevic2 
 

 
Abstract: Nowadays usage and recycling of industrial wastes have become an important 
research area. Waste management is a very important matter both for environmental 
perspective and the industrial point of view. An aluminium plant is placed near to Podgorica, 
Montenegro, and it is considered the main pollutant of Zeta valley, especially of the ground 
waters. The fly ash and red mud are the primary solid waste produced in the aluminum plant. 
Present work investigates the possible utilization of these wastes. Depending on the quality of 
the raw material processed, 1–2.5 tons of red mud is generated per ton of alumina produced. 
The treatment and disposal of this residue is a major operation in an alumina plant. Red mud 
is stored in a pool coated only with sand, so infiltration of waste substances in the ground 
water is possible. The problems related to waste production are becoming more and more 
important in relation to the progress of industrial development and to the improvement of 
economical conditions. In this research, chemical analyses of the used wastes were 
determined. The possibility of the use of the final products as a building material was 
discussed. 
 
Keywords: red mud, characterization, product development, utilization strategy  
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Building Community Through Slow And Empathic Steps The 
Reconstruction And Extension Of The Dominican Sisters’s School 
Ensemble In Kőszeg 
 
 

Péter Fejérdy 1 
 
 
Abstract: The Hungarian Dominican Sisters had to re-define themselves after 43 years of 
prohibition and persecution. It was their definite aim to rebuild their school and holistic 
educational system once famous all over the country. After the political change in Hungary 
they asked for the return of the building ensemble set up of a cloister, church, school. 
Although the buildings have been historic monuments, their ideal importance for the 
community is the most definite. The Hungarian congregation was established in this Baroque 
palace. 

Our studio was favoured to be a partner in this process of re-definition of the school. During 
the past 10 years of cooperation we could determine goals and ideals in big scale and had 
enough patience to realize a number of them step by step, often fitting to the altering 
conditions and possibilities. Thus we had to meet up-to-date demands of a special education 
programme and the expectations of protection of monuments. It has been an exciting 
challenge. In this process the stable was converted to nursery, the cloister became the pupils’ 
dormitory, the chapter-house was rebuilt to a new chapel. As the biggest intervention the 
construction of a new gym had been finished a year ago. 
 
Keywords: Monument, Reconstruction, Renewal, Community, Collaboration 
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Effect of Light Radiation on Phytosynthesis of Metal 
Nanoparticles

Havva Kaya 1*, Semra Kılıç 1 

Abstract:  The usage areas of metal nanoparticles are getting widespread rapidly. Various 
chemical and physical methods are used to meet the increasing demand in the production of 
nanoparticles. Alternative nanoparticle production techniques have begun to be developed in 
order to avoid the negative effects of these methods on the environment and human health.  

There are many studies proving the antimicrobial and antioxidant effects of metal 
nanoparticles used in biomedical fields, especially in the production of wound dressing 
materials. In addition, the number of studies on the use of metal and hybrid nanoparticles in 
processes for the removal of waste harmful to the environment and human health such as 
dyestuffs, organic and inorganic pollutants is increasing. The reason why the two areas given 
as examples are specifically mentioned is that a separate process is not required for the 
production of metal nanoparticles used in these fields. In these, reduction to nanoparticles is 
sufficient while producing wound dressing material and separation of waste, and no extra 
process is required for isolation of nanoparticles after they are produced. As an agent in these 
techniques, which are accepted as biological reduction of metal nanoparticles; bacteria, 
yeasts, plants and plant extracts are used.  The components responsible for the reduction of 
metal particles in plant-derived nanoparticle synthesis (phytosyntesis) are alkaloids and 
flavonoids what include in plants. In this way, much lower rates pollutants are appear 
compared to chemical methods. Although the production of nanoparticles with phytosynthesis 
is very simple and environmentally friendly, the stages in the formation of the morphological 
shape and particle size of nanoparticles cause some difficulties. PH, temperature, reaction 
time and light radiation are effective in stabilizing the desired characteristics of the 
nanoparticles besides the plant material to be selected. 

In this article, the critical effect of light radiation during the production of nanoparticles by 
phytosyntesis will be emphasized. 

Keywords: Metal nanoparticles, Phytosyntesis of nanoparticles, Light radiation 
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Production of dye synthesized solar cell from vat dyes 

Kamila Sobkowiak1*, Mustafa Karaboyacı2 

Abstract: The aim of this study is to investigate the structure and working principle of dye 

synthesized solar cells and to produce dye synthesized solar cells from vat dyes. The ancestor 

of vat dyes is now indigo, which is a synthetically produced natural dye now, and they have 

reduction-oxidation properties. Dye-sensitized solar cells have been extensively researched in 

recent years with the idea that they will be a promising source of energy in the future, due to 

their low cost, efficiency in low light conditions and absorption on the visible light spectrum. 

In this study, the conductive glass part of the cell was produced with among others sodium 

and bismuth-doped SnO2 and ZnO nano coating by spray pyrolysis method. The performance 

and efficiency of the solar was measured with solar simulator. The thin film coating was 

analyzed by XRD. 

Keywords: dye-sensitized solar cells, transparent conductive glass, spray pyrolysis, doped 

SnO2 thin films, doped ZnO thin films 
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Legislation On Plastic Bag Charging in Turkey 

Başak Uçman1*, Hamza Kandemir2, Hüseyin Yazici3 

Abstract: Plastic bags are made from crude oil, which is made into a hard or a soft material. 
Plastic bags have only existed for one generation. In this short time, their extreme convenience 
has made them widespread for all aspects of life, making them the synonym of waste. However, 
their decomposition is a very long process. In fact, they never fully decompose in seawater. 
Plastic bags cause great damage to the world due to reasons such as not dissolving in nature for 
many years, polluting the environment with toxic chemicals while dissolving and being 
carcinogenic. Recycling of plastic bags costs much more than their production. The recycled 
amount of these bags is only 1%. For this reason, many countries introduce new practices, 
taxation or prohibitions to reduce the use of plastic bags. In Turkey, it is known that between 
30-35 billion plastic bags are used annually, representing 440 plastic bags per capita per year. 
In order to prevent esthetic and environmental pollution caused by the use of plastic shopping 
bags, which are sensitively focused around the world, and to prevent luxury consumption of 
plastic bags, several precautions have been taken in Turkey over years. By the beginning of 
January of 2019, a charging legislation have been introduced to costumers in order to decrease 
annual consumption of plastic bags per capita gradually. According to this legislative 
precaution, plastic bags were started to be sold for 0,25 Turkish Liras at the sales points. Target 
of the government from this legislation is to reduce the annual usage of plastic bags per capita 
up to 90 pieces by the end of 2019 and up to 40 pieces by the end of 2025. The Minister of 
Turkish Environment and Urbanization said that incomes from plastic bags will be used for 
several environmental projects such as bike and pedestrian paths, noise barriers and wastewater 
treatment facilities. 

Keywords: Plastic bags, Consumption, Environmental damage, Trends in the world, Charging  
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The Impact of AIS of International Vision University in the 
Realization of Online Exams in COVID-19 Pandemic 
 
 

Aybeyan Selimi1*, İlker Ali2 
 

Abstract: Non-standard situations such as the spread of COVID-19 endanger the health of 
many people. The crisis with this pandemic has imposed the dilemma of closing many of the 
institutions and banning the physical presence of employees and other participants in the 
functioning of the institutions. One of the systems that are particularly affected by this situation 
is the education system. Due to that, the teaching and realization of exams at universities have 
moved to the online version. In this paper, we give an analysis of the impact of the academic 
information system (AIS) in the realization of online exams in the International Vision 
University. The data used in the research are obtained results of students who participate in the 
online exams. The sample size in our study contains 805 students from five faculties. The 
developed AIS is compatible with the Microsoft Portal. For the realization of online exams, our 
system uses the platform Microsoft Teams and online survey creator Microsoft Forms. In 
conclusion we give further works directions and our proposals for better realization of the online 
educational process.  
 
Keywords: Exams, Data structure, Online platform, Microsoft Portal and Microsoft Teams. 
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The impact of digitalization on business strategy Case Study-
Volkswagen, McDonald’s and Under Armour 
 
 

Mirjeta Domniku1*, Muhamet Ahmeti2 
 
Abstract: Digitalization is changing the world. Data collection interaction, expansion of 
network, artificial intelligence and robotics, is enabling major personal changes, social and 
economic worldwide. Digitization is often being described as an accelerated and unstoppable 
process. However, it is not a force of nature, but a development driven and led by people. 
Therefore, it can and should be worked to get the right shape in businesses and their strategies. In 
order for this to succeed, the processes and effects of this revolution technological needs to be 
understood by the business. 
 
Through this scientific paper we have tried to explain the importance of digitalization in a 
company, by continue with what data are needed to define the strategy and business objectives. 
The research methods we used to collect and analyze data, are a mixture between qualitative and 
quantitative methods. By identifying the factors that influence the success of modern companies 
in it so-called industry 4.0, like the current industrial revolution, the focus of scientific work will 
be on issues of how to plan modern strategy, in which areas to allow influence greater 
digitalization and how to enable business digitization in order to be in keep up with the 
competition. 
 
In conclusion we have given the conclusions and opinion on the opportunities and risks of 
digitalization in business strategy, as well as how open and welcoming they should be 
technological changes. 
 
Keywords: Digitalization, artificial intelligence, robotics, business strategy and technology. 
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Analysis On The Implementation Of Iso 9001 Standard By The 
Construction Industry In Kosovo  
 
 

Muhamet Ahmeti1*, Driton Kryeziu1, Jeton Zogaj1 
 
 
Abstract: Kosovo Construction Industry Companies are operating in a highly competitive 
market and increasing the dynamics of their development. Based on this fact, the necessary 
information regarding the organization and implementation of processes based on standards, 
can have radical impacts on the successful operation of companies. A real competitive 
advantage can only be achieved by achieving a sufficient level of business influence, which 
depends not only on production processes but also on administration, customer service and 
other aspects of business operations. This means that companies in the Kosovo Construction 
Industry must aim to implement standards for meeting the needs and expectations of 
customers, employees, owners and companies in the broadest sense. 
 
ISO 9001 is a Quality Management System. A Certified Quality Management System 
represents the official confirmation of a level of reliable business performance, as well as 
proves the commitment to continuous improvement and meeting customer’s requirements. 
Therefore, the certification of companies in the Construction Industry in Kosovo with ISO 
9001 is very important, moreover ISO 9001 has the priority to ensure that the product or 
service satisfies the customer's requirements on quality, products and services must be 
compatible with applicable regulations. 
 
The benefits of companies implementing and certifying with ISO 9001 are enormous: greater 
understanding of all processes in the organization, improved documentation, raising 
awareness on quality, strengthening trust and connections between the organization and 
customers, saving and increasing the profit, facilitation of service development, staff 
involvement - continuing education, etc. Therefore, in this thesis, the knowledge on the 
implementation of the ISO 9001 standard by the Construction Industry in Kosovo will be 
treated in detail, based on facts and analysis. 
 
Implementation and certification of a Quality Management System according to ISO 9001, in 
the first place is in the best interest of any company that conducts a business in the territory of 
the Republic of Kosovo, in the best interest of society and helps the overall economic 
development. 
 
Keywords: ISO, ISO 9001: 2015, Standard, Quality, Customer, Quality control, Quality 
Assurance, Etc 
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Electrospun Polyacrylonitrile/Polythiophene Fibers for Phosphate 
Anion Sensing 

Neslihan Nohut Maşlakçı1* 

Abstract: Electrospun fibers show excellent potential for diverse applications in tissue 
engineering, wound healing, drug delivery, materials science, chemical industry, energy 
storage, sensor and structural support due to their combination of unique properties such as 
large surface area, high porosity, great electrical conductivity, and high mechanical stability.  

In addition, conducting polymers used in fiber structures exhibit an extraordinary range of 
materials due to their properties such as electrical and electrochemical properties, ease of 
processing, and the possibility of both chemical and electrochemical synthesis. Among 
numerous conducting polymers, polythiophene (PTh) is one of the important conducting 
polymers due to its good environmental stability, unique redox electrical behavior, ease of 
synthesis, and application in many fields. 

In this study, polyacrylonitrile (PAN) electrospun fibers containing polythiophene (PTh) at 
different ratios (1 and 3 wt%)  (PAN/PTh-1 and PAN/PTh-2) were produced using the 
electrospinning technique. The structures, the morphologies and the electroactivities of the 
electrospun fibers were characterized by Fourier transform infrared spectroscopy (FTIR), 
Scanning electron microscopy-energy dispersive X-ray spectroscopy  (SEM-EDS), Thermal 
gravimetry analysis (TGA), the four-probe technique and cyclic voltammetry (CV). 
Thermogravimetric analysis results indicated the presence of PTh within the PAN fibers. The 
electrochemical behavior of indium-tin-oxide (ITO) glasses coated with the PAN/PTh, 
PAN/PTh-1 and PAN/PTh-2 fibers were investigated for different phosphate buffer 
concentrations by cyclic voltammetry measurements. These electrospun fibers containing PTh 
were used for phosphate anion sensing. For the PAN/PTh electrospun fibers, the oxidation 
potential increased with increasing phosphate concentration. The obtained results showed that 
the thermal stability and electrical conductivity of the fibers were affected by PTh. This study 
serves to underscore new recognition motifs in the design of PTh containing PAN fibers as 
anionic sensors. 

Keywords: Anion sensing, electrospinning, fiber, polyacrylonitrile, polythiophene. 
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The Assessment of Antibiofilm Activity of Chemically Modified 
Chitosan Using Quartz Crystal Microbalance 

Neslihan Nohut Maşlakçı1* 

Abstract: Surface properties play an important role in the functioning of biomaterials. It is 
known that bacteria form a layer called biofilm, which consists of polysaccharide, protein, 
and DNA. The biofilm layer causes economic damages in many areas such as medical 
applications, water treatment systems, and dairy businesses.  Moreover, biofilm can lead to 
fatal consequences in infections associated with biomedical implants. Therefore, the biofilm 
formed by growth and cellular attachment on biomaterials can be replaced by surface 
modification of biomaterials. In this way, biomaterials can gain new properties. 

In this study, the plasma modified-chitosan (PCh) was chemically modified with 5-ethoxy-2-
methyl-benzofuran-3-carboxylic acid (E1). The electrospun fibers of modified chitosan were 
produced in the presence of supporting polymers (polyvinyl alcohol (PVA)) using in situ 
electrospinning and quartz crystal microbalance (QCM). 

 The structure of chemically modified chitosan was characterized by Fourier transform 
infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), and 
Photoluminescence spectroscopy (PL) analysis. The morphology of electrospun fibers was 
investigated using Scanning electron microscopy (SEM). Antibiofilm activity against 
Pseudomonas aeruginosa (P. aeruginosa) on a fiber-coated QCM electrode surface was 
examined as a function of time using flow-through QCM. QCM results showed that PCh-E1 
fiber significantly decreases biofilm formation, with possibly greater contributions of E1. 

Keywords: Antibiofilm, chitosan, electrospinning, fiber, quartz crystal microbalance. 
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Regeneration of Landscape Architecture: Requalification of 
Scardamiano Seafront in Aci Castello, Sicily (Italy) 

Fernanda Cantone1* 

Abstract: Regeneration is defined as «reconnection, or reconstruction of a crucial relationship 
for the quality and suitability of the building fabric and its landscape: reconnection or 
reconciliation" between the identity elements of the place, "reanimation of an area deprived of 
its original functions». Regeneration, recalls a wider range of actions and becomes a network 
of knowledge and techniques that sets in motion with several different figures and tasks. The 
architect, in this sense, is still the bearer of solutions but is invited to compare them with other 
figures and other knowledge. 

The economic crisis, with the reduction of the services provided, offers a model of city and 
territory of entrepreneurial type, in which the activities must be rethought to attract resources. 
Cities therefore become competitive because they must decide, independently, their future and 
increasingly involve representatives of the private sector, small and large owners, businesses 
and institutions for the achievement of their end. Urban re-generation process put into play the 
user requests, to involve them in decision-making, to share and discuss with them the 
architectural and redevelopment choices. Users are the community, made up of older people 
whose knowledge is helpful to identify the changes, young people to understand what they 
would like in the future, the adults to understand the problems of the place. Urban regeneration 
cannot take place without actions and policies that recognise the basic rights of all citizens to 
the satisfaction of fundamental needs: work, education, health, housing, participation in the 
public sphere, recognition of different cultural identities». The intention is to give back the soul 
of the city, a civil city, ecological, welcoming and alive, thanks to the new materials that the 
end of the last century has produced. 

The study case is the Scardamian seafront in Aci Castello, a small village that falls in the 
metropolitan area of Catania and that has now been incorporated. The seafront Scardamiano 
joins Aci Castello to the fishing village of Aci Trezza, today thriving tourist village, full of 
gastronomic, tourist and accommodation activities, as well as bathing. This stretch of coast has 
undergone considerable transformations: once there were elegant Art Nouveau villas, today 
some are still alive but crushed between tall and imposing buildings. The area along the sea, 
rich in ancient rocks of thousands of years, not at all valued, is used for bathing, for pleasure, 
for different uses, without a common purpose. The research intends to propose design strategies 
for the seafront, through dynamics of participatory design and feasibility assessments, in terms 
of appreciation by users. The basis is the use of that functional mix that is the fundamental 
element for the realization of effective interventions. 

Keywords: regeneration, seafront, design, technology. 
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1. Introduction

Today, in Italy, the economic crisis, with the reduction of the services provided, offers a model 
of city and territory of entrepreneurial type, in which the activities must be rethought to attract 
resources. Cities of any size become competitive because they must decide, independently, their 
future and increasingly involve representatives of the private sector, small and large owners, 
businesses and institutions for the achievement of their end. 

The construction market is saturated with buildings without quality and urban spaces abandoned 
or without care, immobilized by contradictory regulations, submerged by the most serious crisis 
since the post-war period, it is essential to invest in quality and technology. However, we must 
put at the centre of all “human value”, the capacity of aggregation of the psychological world, 
to be united, to build an architecture of stable and shared relations (Morace & Santoro, 2014) 
for an economically sustainable architecture. The components of this process are to be found in 
the characters of the place and in the spirit of people. 

The idea of regeneration seems to contain in itself on one side the recognition that the Italian 
city is in decline, on the other the awareness that you can intervene through recovery 
interventions (Musco, 2009). In this sense, today, regenerating means reconnecting, 
reconstructing a crucial relationship for the quality and suitability of the building and its 
landscape: «reconnection or "reconciliation" between identity elements of place, "reanimation" 
of areas deprived of its original functions» (Di Giulio, 2013). 

Re-generation is referred to a "process that restores a previous condition of dignity, greatness 
and it returns initial properties". The field of action is the existing landscape that was 
constructed through the overlap of cultures. The concept of regeneration also includes the idea 
of continuity, to prolong the useful life of an asset or urban landscape, by returning the values 
lost in time. It means, above all, restore the quality of urban life and social relationships that 
define a built environment.  

Urban re-generation processes bring into play the user requests, to involve them in decision-
making, to share and discuss with them the architectural and redevelopment choices. Users are 
the community, made up of older people whose knowledge is helpful to identify the changes, 
young people to understand what they would like in the future, the adults to understand the 
problems of the place. The social component suddenly takes root and determines the choices of 
redevelopment. A design that starts from the community, which brings together memory, 
identity and innovation in a systemic and strategic vision. 

Urban regeneration cannot take place without actions and policies that recognise the basic rights 
of all citizens to the satisfaction of fundamental needs: work, education, health, housing, 
participation in the public sphere, recognition of different cultural identities». We must give the 
soul back to the city, a city that is civil, ecological, welcoming and alive, thanks to the new 
materials that the end of the last century has produced. 

The urban regeneration task is to improve the quality of the urban environment, to enhance the 
place identity, to restore lost soul in time; this is possible through forms of association and 
social, planning and thecnological experimentation. In this sense, the intervention project and 
studies on adopted trials play a decisive role in the developing strategy of regeneration. 
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Starting from these basic concepts, some European case studies were examined; the research 
investigated the state of the art in Europe through bibliographical analysis and a critical 
comparison. 

In recent decades, in Europe, urban spaces have been recovered, especially in the heart of cities. 
Among these, the pilot cases are certainly those of Amsterdam and the Bjilmermeer district and 
the Jardin Plantagene in Paris, now well-established and well-known examples. Among the 
most recent, there is an organizational and design complexity that did not exist before and that 
involves multiple actors. It contains forms of facilitated purchasing, privatisation of public 
space and tax relief policies. The European experiences of Berlin, Bordeaux and Oslo are very 
different from each other in terms of strategy and design. 

In Berlin, in 2013, the partnership between citizens' associations (Holzmarkt 25) and the 
Abendrot Foundation won an unused area along the bank of the River Spree, auctioned by the 
waste management company (BSR) in Berlin. The project idea, completed by 2023, is divided 
into four projects and provides for the creation of an incubator, a hotel, an entertainment room 
and a multifunctional village (residences and workshops/ workshops). The residences will be 
rented to various types of users, according to a balanced mix. The area, called Holmarkt, is now 
home to Berlin’s nightlife and attracts many tourists for the curious mix of recycled materials 
and colorful murals.  

Figure 1.  Bordeaux and Berlin, examples of regeneration 

In Bordeaux, the recovery of the General Warehouses, on the bank of the Quai des Queyries 
has become the flywheel for the entire area on which it insists. It was the key project for the 
city’s candidacy for the Capital of Culture in 2013. The the nineteenth-century buildings were 
saved from speculation involving their demolition and through the creation of simplified 
companies and a social investment fund the interventions were financed. At a later date, a 
Darwin Ditation fund was created to support non-profit associations operating in the area 
(Cottino & Domante, 2017). Today Darwin, so is called the place, is a very animated place, 
with its 20,000 square meters of useful surface, an example of innovation on a large scale. It’s 
a green economy center, with an urban farm, an XXL skatepark, free expression spaces for 
graffiti artists, an organic grocery store, a restaurant, work spaces, a motorcycle-polo field, and 
a spa with a charming second-hand furniture shop. It is a unique sociological experience, based 
on innovative and truly sustainable projects. This case study shows the success of a design and 
economic solution in which creativity is stimulated. 
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Figure 2.  Oslo, example of regeneration 

In the Nordic countries, an example is the Aker Brygge and Tjuvholmen districts in Oslo. The 
first is an equipped promenade near the port, on which a regeneration project has been 
implemented; public spaces have been designed to contain a mix of traditional and 
contemporary functions that attracts many types of people. This factor, attractiveness, together 
with the central location, are the elements of success of the project. The public spaces of 
Tjuvholmen (Aspen & Bjerkeset, 2017) were designed with the intention of combining social 
science and design, involving the entire process of formation of public space. Preliminary 
studies investigated routine activities, mundane aspects and daily events of interest (Koch and 
Letham, 2014) 

Outside Europe and in the US in particolar, major regeneration schemes have allowed large 
parts of many cities to be owned and managed by private interests. In exchange of being allowed 
to add extra floors to their buildings, developers commit themselves to provide and manage a 
designated external or internal public space at street level, a so called bonus space. Another 
common and related phenomenon in US cities are Business Improvement Districts (BIDs). 
BIDs are delimited areas, most often in central parts of larger cities, in which businesses are 
required to pay an additional tax for the purpose of funding projects and providing additional 
services (sanitation, security, landscaping and other) that will enhance the general attractiveness 
of the area. 

Consolidated studies (Carmona & Wunderlich, 2012) summarize the American trend: private 
investments aware of having to intervene in public spaces, interventions to improve safety and 
hygiene. The critical issues encountered concern the growing lack of interest of investors in the 
contexts in which they operate, the lack of power of the municipalities, the ever-decreasing 
commitment to safety and hygiene. 

In Italy, the existing bibliography focuses on the fields of application, tools and purposes: urban 
regeneration focuses on the redevelopment of free and abandoned areas due to the problematic 
condition of open spaces, on densification and diversification, on social and environmental 
sustainability, with particular attention to greenery and natural systems. The instruments are the 
elimination of degradation, security and green; the aim is the development of a local social 
useful to strengthen relations, solidarity and, above all, the sense of affection for places. 

Finally, the regeneration concept must coexist with the characteristics of the landscape on which 
to intervene. The landscape can be called "cultural landscape" (definition of the UNESCO 
World Heritage Committee) when it is a geographical area that represents the work of nature 
and man, in which cultural heritage is not confined only to the urban environment but also to 
its rural areas (Bondir & Cugno, 2015). In fact, landscapes that involve a variety of ecosystems 
have a high potential that motivates the development of the economy and tourism in rural areas 
and are fundamental elements of it (Carneiro et al., 2015; Lane & Kastenholz, 2015). However, 
different rural areas and communities have different social and economic needs, resources and 
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characteristics. For this reason, it is necessary to define the adequacy of local needs and 
characteristics. 

2. Material and Method

The research begins inside the “Ecomuseum of the Riviera dei Ciclopi”. This institution, 
approved in 2014 and financed in 2020 by the Sicilian Region, carries out an action of socio-
economic sustainable development, aimed to achieving economic objectives for the protection 
of the social heritage, environmental and institutional of the municipality of Aci Castello. The 
aim is the enhancement of environmental resources, keeping in balance the needs of current 
generations, without devastating the wealth that will serve future generations. The author is 
Coordinator of the Scientific Technical Committee. Inside of ecomuseum institution, great 
attention is given to the regeneration of the coastal area and from this starts the research that 
also has the approval of the municipal administration of Aci Castello. 

2.1. The case study  

Aci Castello is a small town in the metropolitan area of Catania, in south-eastern Sicily and it 
is a village very popular with tourists and temporary residents. 

Figure 3.  Aci Castello And Scardamiano Seafront 

Its history is concentrated around the beautiful Norman castle that stands on a hill overlooking 
the sea and dates back to 1076. Near it was born the town that, around 1500, was surrounded 
by walls. Since the end of '800, with the demolition of the walls, the center has expanded and 
developed in line with the sea, both in the south (Catania) and in the north (Messina) direction: 
there are simple and powerful nineteenth-century buildings with one or two elevations, Art 
Nouveau cottages and large green spaces.  
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Figure.  Ancient representation of Aci Castello Castle 

The '60s, '70s and '80s were characterized by an excessive construction on these coasts: many 
houses are destroyed and many high buildings were built for apartments. The structures have 
limited the view of the sea from many points.  A long coast road has been built to improve 
accessibility to these buildings and it has destroyed the rocks and the vegetational coastal, 
partially. The building speculation has made this place anonymous, characterized by an asphalt 
road and large buildings in reinforced concrete of four, five floors that overwhelm the few 
remaining valuable buildings. 

The case study is the stretch of coast that leads from Aci Castello to the nearby hamlet of Aci 
Trezza, a small fishing village, famous for the novels and novels of the great writer Giovanni 
Verga. A place also rich in history and tradition: the promenade Scardamiano. It consists of a 
low and rocky coast, with a Mediterranean vegetation characterized by the Chritmun 
maritimum (sea fennel); here you see hyaoclastite with pillow and basaltic blocks with 
calcareous incrustations, rich of characteristic holes of the species Lithophaga lithophaga (sea 
date). 

Figure 4.  Scardamiano Seafront, Plan With Destination Of Use 

Among the characteristics of the area emerges the presence of the sea and the ancient lava flows 
that have left an evident mark on the territory and make it one of the most geologically 
interesting territories of the coast. The eruptive activity of Etna has been, since the past, the 
subject of interest for travelers, writers and poets: we remember the myth of Aci and Galatea, 
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set here, or the quotations in the Odyssey of Homer. Travelers such as Schinkel, Houel and 
Goethe have sung its praises and portrayed the landscape, the cinema has set a masterpiece of 
Italian cinema: “La terra trema” by Luchino Visconti. The nearby protected marine area of the 
Riviera dei Ciclopi is important. 

Figure 5.  Local Rocks 

Finally, the strong tourist-residential value of the area should be noted. Aci castle has been a 
tourist destination of second home since the beginning of the last century and the presence of 
the sea has attracted many people who have built their second home here. The result was purely 
commercial activities related to tourism: bathing establishments, diving and boat hire, maritime 
excursions. 

Critical points of the area are the excessive cementification, with excessively high and 
voluminous buildings, without detachment between them and very close to the coast. The coast 
is narrow. In the 1930s, the construction of State Road 114 improved traffic but interrupted the 
natural slope of the neighbouring hill, and produced very important building interventions, 
totally saturating the existing space.  

The area is free of greenery, leisure spaces and is in a state of semi-abandonment. The only 
activity is the transit of cars.  

Figure 6.  Scardamiano Seafront, Yerstarday and Today 

2.2. The research  
Urban regeneration and territorial actions can work only if they include all three pillars of the 
sustainable development triangle: economy, environment and society (Daniloska & others, 
2015). 
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Figure 7.  Scheme Of Method. 

The study, therefore, considers them essential elements for any intervention, especially those 
who have a latent tourist vocation. 

The research is articulated by phases and includes a first moment of study of the “state of the 
art” on the urban regeneration through the deepening of the cases of Berlin, Bordeaux and Oslo; 
a schedule and a comparison between successes and criticalities defines a list of values to be 
analysed and evaluated. These values have been included in the questionnaires placed to a 
sample of 100 people, 50 residents and 50 seasonal tourists, of various age groups, of culture, 
of income. This sociological survey has served to determine on the one hand the needs of users 
and the scenarios for new uses and requests, on the other hand the areas of greatest interest. 

The first phase is a moment of bibliographic study and deals with the theme of urban 
regeneration linked to the concept of cultural landscape, through the filing and analysis of case 
studies of European, Italian and American which were reported to the existents in the 
introduction. 

To address the theme of regeneration from a cultural point of view, the disciplines to be 
involved, in addition to architecture, are sociology, economics, anthropology. In fact, to 
regenerate the consolidated city, it is necessary to study social dynamics through the 
identification of the expectations of rooted users, of new social expectations, of new social 
categories aware of facing a choice of change, of users. In this sense, research explores the 
sociological and design themes. 
In the first condition, analyses have been carried out on some key items for sustainable 
development and regeneration. They are: 
- the expectations of deep-rooted users; 
- new social expectations; 
- the new social categories; 
- the new users. 
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The survey, conducted through interviews, took a sample of resident population and a sample 
of seasonal population (second-home tourism). The questions asked were about impressions 
and desires for their city. From this initial analysis it emerges that the expectations of rooted 
users, that is, of those who have lived for generations in the territory, are linked to respect for 
the territory. Residents would prefer to see the territory less invaded by tourists and closer to 
the needs of residents, seasonal tourists with home in the municipality would like an increase 
in public services: links to Catania, green areas and leisure, cultural and entertainment activities. 
The new social expectations are determined by the needs of the young population, which has 
appropriated the spaces in front of the castle to carry out their afternoon and evening leisure 
activities. Hundreds of young people invade the castle square and take it away from the adults. 
The Scardamiano Seafront is totally ignored. The new social expectations therefore concern the 
demand for new spaces for young people, dynamic spaces, with more functions, not for their 
exclusive use. The advancement of technological progress proposes new social categories: 
communication operators, commercial managers, start-ups, green economy operators currently 
have no place in this place, anchored in a way of thinking and acting too traditional. The new 
users are the young but could be the travelers, interested in the landscape and cultural beauty 
of the territory. For them they need services and attractions. 

From this analysis then emerges the need for a multi-level project that not only turns the 
waterfront into a place of nightlife, as happened in some of the international examples analyzed, 
but that can create economy especially with creativity, as it emerges from the request of many. 
The second condition, the context, in Italy (but not only) is very important. The analyses on Aci 
Castello landscape and its waterfront are: 
- the constraints imposed by the existing system; 
- the needs of users; 
- the compatibility of the intended uses. 

From the interviews it emerges how the sea and the landscape with columnar basalts are the 
elements to preserve and enhance. The requests of the users are the green and the aggregation 
spaces. An analysis of the compatibility to reuse, shows that the Lungomare Scardamiano is the 
ideal place to install new functions and expand the few already settled. The research has 
therefore produced a series of criteria for testing multi-scale and multi-level design ideas. 

At territorial scale, interventions on the territory must concern the green, the meaning of the 
new use, the central and accessible location of the place. At building scale, eligible interventions 
are stratification, diversification, redevelopment, reconnection, infiltration. The project must 
take into account the existing connections, the need for a reorganization of the existing, the 
physical and cultural references to the context. From the point of view of governance, 
cooperation is needed, participation in both the design and management phases, believing in 
the design model, creativity. A contemporary project can be successful if you plan 
communication, if you share with the inhabitants and if you give value to the sense of belonging; 
fundamental are then self-management and self-sustainment. The case of Bordeaux and that of 
Berlin teach that there is profit in the rent of the built structures. Finally, we must not forget the 
concreteness, the pragmatism for the management of resources and for the valorization. 
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Table 1. Elements of Relationship Architecture for Scardamiano Seafront Project 

BUILDING SCALE LANDSCAPE SCALE RELATIONSHIP GOVERNANCE FEASIBILITY
STRATIFICATION  GREENERY CONNECTIONS COOPERATION PRAGMATISM 

DIVERSIFICATION CENTRALITY REORGANISATIONS INVOLVEMENT MANAGEMENT 
OF RESOURCES

REQUALIFICATION MEANINGS CONTEXT 
REFERENCES

BEALIVING IN 
THE IDEA

CREATION OF 
VALUES 

RECONNECTION CREATIVITY SELF 
MANAGEMENT

INFILLING SELF-
SUSTAINATION

3. Results

The project wants to regenerate a heavily degraded area, Lungomare Scardamiano; for this area 
the questions of users are pressing. The seafront should not become only a place for young 
people, but a multifunctional place to meet the needs of multiple groups of users: young people, 
families, elderly. 

Figure 8.  Scardamiano Seafront, Regeneration project 

The elements for a relationship architecture were analyzed in function of the Scardamiano 
seafront and from them arise the design scenarios. Leaving aside the economic component for 
which public/private participation is suggested, the elements through which the project has 
passed are: 
- Diversification: one characteristics of the project is the diversification of functions that is a 
functional mix, to be attractive, economically advantageous, respectful of the needs of users. 
- requalification: it gives social but also design and technological quality to the project. 
Articulation of the spaces for multiple user ranges, possibility of different uses and stackable, 
care in the choice of materials are the elements included in the project. 
- reconnection: you must check the connections that have been studied to improve the 
practicability, accessibility and use of spaces never exploited until now. 
- infilling: the soil has been used selectively, especially to assess the presence of columnar 
basalts. They were highlighted, illuminated in the evening and not covered by platforms. 
- greenery: many spaces have been used for spontaneous and equipped greenery. 
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- centrality: the central location of the area produces great interest. All categories of users can 
utilize the Lungomare, for different reasons and needs. 
- meanings: the seafront acquires meaning, enhances the elements of the landscape, shows them 
off and makes them usable, open to the public. 
- reorganization: the reorganization of spaces and functions is inherent in each project. Both are 
the result of study, analysis and comparisons with the user groups present in the area. The result 
is an articulated and new project for the city. 
- context references: the context is an other central point of the project; finally, it highlights the 
geological character of the area, it proposes a direct contact with the sea with many accesses, 
with functional areas on the sea. 
- involvement: the project is the result of meetings with the community, in particular interviews 
which have highlighted the needs and desires of those who live, who stay in the summer, those 
who spend a few hours of leisure in this place. 
- bealiving in the idea: it is indispensable to realize the project. it takes will.  
- creativity: it is at the design stage of the project but also at the management stage. Spaces for 
activities should be allocated to innovative, attractive activities and not at the earliest possible 
request. Here, the commercial strategy must be rigid and choose economically advantageous 
but new and stimulating activities. 
The feasibility category covers the sectors environment, society and economy. It provides for 
public and private investment and explains the economic capacity of the project. The self-
supporting during the management phase is fundamental: it would be ideal to set up a 
management company; these are choices that can be suggested to the municipal administration. 

4. Discussion and Conclusions

In Italy, it is no longer the time for projects of indefinite spaces and multi-function buildings; 
today, regeneration requires precise functions, economic, cultural and social interests defined 
since the conception phase. The project is also based on the potential of the area and its 
criticality, opportunities and risks. Potential: protected marine landscape (nature reserve), 
central area and passage for many users, ancient and not valued basalts, tourist vocation, near 
the Norman Castle, the stacks of Aci Trezza (visual views), place rich in history. 

Criticality: lack of services for the public and tourists, lack of parking, lack of areas of collective 
interest (solarium, gardens, squares, spaces for young people), few access to the sea made with 
concrete ramps thrown directly on the basalts ancient. Opportunities: improvement of the 
standards of livability of urban spaces, increased interest in places of high cultural value, 
exploitation of activities related to the sea (solarium, boat rental, diving center), access to the 
sea, use of empty areas for functions related to wellness (sports and fitness, play, relaxation). 
Risks: lack of economic resources, lack of political will, deterioration of the coastal zone. 

The project is based on these important considerations. It provides docks for boats, squares and 
green areas, both shaded and sunny, theater on the sea, cafeterias, a cycle path, cultural paths 
between the balsalti, exhibition areas, areas equipped for sport (basketball, volleyball, free 
climbing, fitness), buildings in xlam to accommodate reception functions (info point, bike 
rental, boat rental, ticket sales for shows, refreshment points). 
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Figure 7.  Scardamiano Seafront, Area 1, Project 

The project has a strong design characterization that is seen in the forms given to the spaces 
reminiscent of columnar basalts. The materials are sustainable and reversible, the use of soil 
expanded on the coastal strip without ruining it. 

It is a project that could interest private investors, as well as in Berlin and Bordeaux, who could 
earn from the rents of buildings for business. For once you could regiment commercial licenses, 
choosing not only catering business as it happens too often. 

Figure 8.  Scardamiano Seafront, Area 1, Project 

Compared to the literature under consideration, the project proposes a model that is quite rigid 
in its intentions but flexible in its implementation. The fixed points of the project are the values 
defined by the needs of users but also and above all by the cultural value of the area. In the 
considered studies, the interest was directed only towards the needs of the users and the areas 
were recovered accordingly. Here, the two values are equally important and propose the 
protection of the marine habitat, the tourist and public use of large areas left to carelessness and 
abusiveness. 
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Figure 9.  Scardamiano Seafront, Area 1, Project 

For Italy it would be a new project in the basic motivations, a regeneration towards an efficient 
use of economic resources, an added value for the territory. The research proposes an idea of 
regeneration based on exchanges and increases in resources for the quality of heritage, but 
taking into account the propensity of goods to different possible objectives. Another element to 
consider is the strategy of increasing the value of both exchange and use. 
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Abstract: Many air handling units and industrial refrigeration system needs chilled water year-
round. For this reason, cooling towers are widely used industry. Cooling towers are complex 
devices in which mass and heat transfer occur together. Various improvements have been made 
to increase the cooling tower performance. These improvements are also related to filling 
materials.  Filling material characteristics is important for the cooling tower performance 
because it improves both heat and mass transfer by increasing contact between water and air. 
In this study, the temperature values of the process water were evaluated for different fill types 
and fill heights used in the cooling tower.  

Keywords: Refrigeration, Cooling tower, Experimental analysis 

1. Introduction

Cooling towers are devices used for cold storage applications, industrial and comfort air 
conditioning applications, and closed-circuit cooling of the condenser cooling water of thermal 
power plants and process water used in the industry. In the past, to remove waste heat, water 
from a nearby source or existing water supply was discharged back into the environment after 
using.  However, since the use of environmental waters disrupts the ecological balance and the 
purchased water costs increase day by day, such applications have been replaced by cooling 
towers. 

The main functions of the filling materials used in cooling towers are to increase the contact 
surface between the air stream and the water stream, and to accelerate the heat discharge from 
the circulating water. For this reason, it directly affects the cooling tower performance. To 
operate efficiently, it must provide a high rate of heat transfer, a low resistance to air flow and 
a homogeneous water and air distribution throughout the tower. Filling materials can be many 
different types and can be manufactured from different materials. Generally, three types such 
as splash, trickle and film fills are used the most commonly. Although, film fills are most 
popular, depending on the characteristics of the water and ambient air, splash type or trickle 
filling materials are also preferred. Splash-type filling materials are designed to break down the 
mass of water falling across the tower into many small droplets. Along with the water surface 
exposed to cooling air, the amount of heat transferred to the air stream increases with 
transmission, convection, radiation, and evaporation. As the water falls along the filling 
material, the droplets collide with the successive splash bars that cause the redistribution of 
water and heat due to the formation of new droplets. In this way, the retention time of the water 
falling along the tower is prolonged. On the other hand, film-type filling material allows water 
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to be spread over a wide filling surface in a thin film layer instead of creating droplets. For this 
reason, the working principle of the film type filling material is quite different from the splash 
type filler.  

There are also various studies in the literature on examples of filling types used in cooling 
towers. Tomás et al. 2009, studied experimentally was conducted with a view to comparing the 
performance of fills of alternative materials such as coconut fiber, coconut husk and PET. The 
alternative fills were compared with each other and with the industrial fill, The results obtained 
show that the fills consumed a similar amount of power and support the use of alternative fills 
for cooling towers. Also, Raj et al. 2019, has been experimentally investigated an induced draft 
wet cooling tower using film, glass, and ball fills. Exergy destruction was also calculated for 
each of the fills and it was observed that film fills destruct less exergy as compared with glass 
and ball fills.  Therefore, Singh and Das 2016, studied experimentally on a forced draft 
mechanical cooling tower using trickle, film and splash fills and analyzed some parameters 
such as effectiveness, water evaporation rate and tower characteristic ratio. Besides this, 
Milosabljevic and Heikkilä 2001, derived a mathematical model and computer simulation 
program to predict the performance of cooling tower that can also be used to predict the thermal 
performance of fillings (splash fillings, film fillings and splash-film fillings), it has been 
observed that, the differences of air velocities before filling material were less than %5. Loss 
coefficient correlations also studied in the literature for wet-cooling tower fills. Kloppers and 
Kröger 2003, determined the loss coefficient of a cooling tower fill (splash, trickle and film 
types) by measuring the pressure drop across the fill.  

In this study, an experimental analysis was performed to compare the performance of the 
fillings of alternative materials such as PVC Film type and Splash type. Alternative fillings 
were compared to each other. 

2. Experimental Setup

A real-size open-type cooling tower was used in the experiment. In this type of cooling towers, 
the cooled water is directly open to the atmosphere and the heat taken by the evaporating water 
during the cooling of the water is directly discharged to the atmosphere. The test device allows 
the adjustment of air and water flows through the tower with its frequency inverter and various 
flow control valves located on the pipeline. The heat load of the cooling tower is provided by 
gas fired hot water boiler. In Figure 1, the cooling tower test rig is shown schematically.  
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Figure 1. Experimental setup. 1: Boiler line water pump, 2:Gas fired hot water boiler, 3: Plate heat 
exchanger, 4: Flowmeter, 5-6: Flow control valve, 7: Cooling tower water pump, 8-9-11-
14:Thermocouples, 12: Cooling tower, 10-13:Wet bulb temperature measuring devices. 

For performance tests, temperature, humidity, pressure, and flow measurements were made. Values are 
recorded with datalogger and detailed analyses are studied. The cooling tower features used in the 
experiment are as in Table 1.  

Table 1. The cooling tower features used in the experiments 

Motor power 
(kW) 

Number of fan 
blades 

Fan blade 
diameter (mm)

Number of 
sprinklers

Cooling tower 
dimensions (m)

7.5 4 1500 15 2.4x2.4x4.1

The filling types used are PVC film type filler and splash type filler. Two types of film type filling are 
used. These are MF-22 film type filler and MF-18 film type filler. MF-22 itself is called MF-22 1800 
and MF-22 1200 depending on the filling heights. MF-18 is also called MF-18 1500, MF-18 1200 and 
MF-18 900 depending on their height. The abbreviation MF-22 indicates that it is vertical flow film type 
filler, and water flows directly downward. The last number gives the fill height. The MF-18 model, on 
the other hand, shows that it is a cross flow film type filler and the water flows in a zigzag downward 
direction through the fill. The SPLASH 2700 model is a splash type filler. The efficiency of splash type 
filler is lower than that of film type filler. The filling height of SPLASH 2700 spatter type filler is 900 
mm. Filling materials used in cooling tower and their properties are given in Table 2. 

Table 2. Filling materials used in cooling tower and their properties 

Filling type Filling properties Filling thickness (mm)
FM1 MF-18 PVC Film type fill 900 
FM2 MF-18 PVC Film type fill 1200 
FM3 MF-18 PVC Film type fill 1500 
FM4 MF-22 PVC Film type fill 1200 
FM5 MF-22 PVC Film type fill 1800 
FM6 SPLASH Splash fill 2700 
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3. Results and Discussion

Test results of different types of filling materials for different heights were examined, 
respectively. All temperature values are the average values of the test results. 

In the experiments, only the height of the filling materials was changed and the temperature 
changes of the water in the cooling towers were observed. In the experiment, 900, 1200 and 
1500 fillers of MF 18 type of film type filler were used. As can be seen from the experimental 
results, the average water inlet temperature in the MF-18 900 filling was 30.6 °C and the 
average outlet temperature was 22.6 °C. The temperature difference was 8 °C. The average 
water inlet temperature of the MF 18 1200 filler was 31.5 °C and the average outlet temperature 
was 22.9 °C. The temperature difference was measured at 8.6 degrees. The average inlet 
temperature of the MF 18 1500 filler was 30.6 °C and the average outlet temperature was 23.2 
°C. The temperature difference was measured as 7.38 °C. Considering the temperature values, 
although the inlet temperature water for MF 18 1200 filler at the highest temperature, it 
provided more temperature drop and cooling compared to MF 18 900 and MF 18 1500.  

In the experiments, MF 22 filling type was used at 1200 and 1800 heights. Considering the test 
results, the process water inlet temperature in the MF 22 1200 filling was 36.1 ° C and it comes 
out at 30.6 ° C. The temperature difference was 5.4 °C. The water inlet temperature for MF 22 
1800 filler was 33.3 ° C and it comes out at 28.9 °C. The temperature difference measured 
4.3°C. Considering the temperature values, although the water used in MF 22 1200 filler has 
entered at a higher temperature, more temperature drops, and cooling was provided compared 
to MF 22 1800  

Splash 2700 type of splash type filler was used in the experiment. Considering the experimental 
results, the water inlet temperature of the Splash 2700 filling was 36.2 °C and outlet temperature 
was 29.3 °C. The temperature difference measured 6.9 °C. The efficiency of the splash type 
filling is lower than the film type filling. It is possible to explain the reason as follows; the 
process water of cooling towers using film type filling is completely clean water, the process 
water of cooling towers using splash type filling is more polluted, in other words, there are 
substances (such as very small pieces of metal) in the process water. In addition, splash type 
filling is used at higher temperatures than film type filling.  

Table 3 shows the results of the experiments for all filling types. 

Table 3. Experimental results for filling types 

Water Air 

 Qw,m   Tw,i      Tw,o  ΔT  Ta,i  φa,i  Ta,o  φa,o 
(m3/h) (⁰C) (⁰C) (⁰C) (⁰C) (%) (⁰C) (%) 

FM 1 

44.3 25.3 20.54 4.76 22.2 46.80 23.3 99.80 
44.1 29.19 22.03 7.16 22.4 48.10 26.1 99.90 
43.4 32 23.44 8.56 21.5 53.40 28.4 99.90 
44.2 34.9 24.4 10.5 22.8 52.40 30.8 99.90 

FM 2 

44 25.6 20.7 4.9 20.3 50.10 23.9 99.90 
45.1 28.85 21.89 6.96 20.1 50.20 26.4 99.90 
44.7 31.98 23.31 8.67 20.8 49.90 28.9 99.90 
44 34.7 23.97 10.73 20.4 50.20 30.4 99.90 

FM 3 
45.6 25.7 21.61 4.09 19.9 75.6 27.2 99.9 
45.7 29.5 23.23 6.27 20.2 74.5 29.6 99.9 

32



45.3 32.09 24.01 8.08 20.1 74.3 31.2 99.9 
45.1 34.8 24.28 10.52 20.7 74.5 33.1 99.9 

FM 4 

39.1 30.81 26.81 4 20.9 59.10 28.4 99.90 
39.2 33.46 28.21 5.25 19.5 59.40 31.7 99.10 
39.4 34.3 30.64 3.66 20.9 48.90 32.1 99.00 
39 36.53 31.84 4.69 18.9 68.60 35.4 99.90 

FM 5 

39.8 31.18 28.04 3.14 22 50.50 31.3 99.90 
39.8 32.5 28.95 3.55 22 46.30 31.8 99.90 
39.8 34.41 29.99 4.42 23.3 47.20 34.3 99.90 
39.8 36.07 29.47 6.6 19.4 59.20 35.2 99.90 

FM 6 

57.6 31.85 28.11 3.74 28.7 64.5 30.2 94.5 
34.6 32.77 27.63 5.14 28.8 61.7 29.2 91.8 
57.6 34.77 29.7 5.07 28.5 66.3 31.7 96.4 
57.6 39.67 31.75 7.92 27.7 70.1 33.4 99.9 

 
4. Conclusions 
 
Cooling towers are used in industries and processes such as industrial refrigeration, power 
plants and many manufacturing companies where process cooling is necessary.  Also, cooling 
tower systems can be used to provide comfort cooling for large commercial buildings like 
airports, schools, hospitals, or hotels. There are many parameters that affect the performance of 
cooling towers used in many areas, one of them is fill material. Cooling tower fill material is 
the important factor to extend the cooling water residence time, increase the heat transfer area, 
increase heat transfer, and uniform distribution of water.  
 
In the present work, a cooling tower is studied experimentally to analyze effect of different fill 
materials to tower performance. In the study, 2 different types of fill material (PVC film type 
and Splash Type) were used at different heights. It has been seen from the calculations made 
with the data obtained from the experiments that the higher the filling height, the higher the 
cooling capacity. In future studies, these experimental data should be expanded and supported 
by theoretical study with the Number of Transfer Units (NTU) method for each fill. 
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Abstract: The design, construction and operational industrial processes relating to areas in 
innovative food processing technologies have had a vast amount of research performed over 
the years. However, there are many sustainability challenges environmentally, socially and 
economically in the food system. The objective of this study is to identify current challenges 
faced in the food system, with the aim to obtain an outcome that can provide a sustainable 
solution for future generations inspired through past solutions.  A systematic literature review 
was carried out through an electronic and manual literature search. The following databases 
were searched; PubMed, Lexis Nexis, Blackwell Synergy, FSTA, Science Direct, GALE, 
Google Scholar and other information sources, publications, grey literature, magazines and 
Journals.  This study has identified that there are many challenges faced in the food system, 
however, currently sustainability is reliant on water, energy and raw materials. We should make 
use of natural food resources but by respecting biodiversity impacting positively on current and 
future generations. There have been many attempts to optimize the efficiency of food processes, 
withstand pathogens, improve food functionality, sensorial and nutritional food properties, 
reducing food wastage and spoilage, also supply and cost demands globally. With globalization 
and changes in population growth and climate change there a requirement from society to 
increase access and integrate in water resources that effects energy security, food security and 
water supply security. The economy seeks to create more solutions with less funding and 
environment is required to invest in aiming to sustain ecosystem services. By evolving past 
solutions, we can promote equitable a sustainable growth; food, water and energy security; 
productive environment.  This research has identified innovation gaps in technology validation 
and demonstrations in relevant and operational environments in food systems. Investment 
companies need to take risks on innovative research study ideas by bridging the innovation gap 
and seeking to implement practical solutions to create a sustainable impact on future 
generations. This can only occur when users accept sustainable innovative food processes 
through more marketing, creating awareness of solutions which will generate an interest from 
scalable markets. Necessary action must take place now to save future generations. 

Keywords: Food Science, Engineering, Sustainability, Water, Food Systems 

1. Introduction

Food is a vital part of human survival within this world; thus, food production industries and 
sustainability have an important role to maintain within society. When we refer to the term 
sustainability we can define it as the degree to which a process or enterprise is able to be 
maintained, simultaneously avoiding long term depression of natural resources (Dictionary, 
2020).  We can view this as requiring great effort and determination or a challenging situation 
(Collins, 2020).  Within contemporary life we are encountering many challenges relating to 
food production that stem from population growth, food quality and climate change (Garnett, 
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2013). Design, construction and operational industrial processes relating to innovative food 
processing technologies have had a vast amount of research performed over the years.  

Currently, the global population is over seven billion, however it is estimated that by 2050 the 
global population is expected to exceed nine billion, which will result in a requirement for 70% 
more food. As a result there is an urgent need to create food safety and security to improve food 
chain efficiency and effectiveness  (King, et al., 2017). This will increase pressure on finite 
resources due to an increase in demand for food and dietary changes.  The food system can be 
conceptualised in many ways. It generally refers to the processes that happen between the time 
they are grown or nurtured on the fields and the time they are consumed. The cycle illustrated 
in figure 1 demonstrates limited information but in cooperates distribution, retail and waste. It 
misses components of food systems that are drivers, influencing activities and outcomes. But it 
also misses the stakeholders who are necessary actors in the process.  

Figure 1. (Urbanist, 2013)  

In comparison this holistic diagram in Fig.2 exemplifies a more comprehensive cycle which 
includes the physical supply chain processes, actors, activities, direct and indirect drivers, inputs 
and outputs. We can also see, how they are separated into their environmental, social and 
economic components within the process. Thus, illustrating that there are many sustainability 
challenges environmentally, socially and economically in the food system.  
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Figure 2. (CFET, 2020) 

The objective of this study is to identify current challenges faced in the food system, with the 
aim to obtain an outcome that can provide a sustainable solution for future generations 
inspired through past solutions.   

2. Method

A systematic literature review is carried out through an electronic and manual literature search. 
A variety of databases, information sources, publications, grey literature, magazines and 
journals are searched.  

 The four research questions below are devised from the objective to be addressed in this paper: 

Q1 What are the current challenges faced in the food system? 

Q2 What do we need, to ensure food sustainability? 

Q3 What past solutions have been engineered to ensure food sustainability? 

Q4 What steps can we take, to make sure we have a sustainable solution for future generations? 

36



A number of electronic databases are searched to answer the research questions which include:  
ResearchGate, LexisNexis, PubMed, Medline, Science Direct, Blackwell Synergy, Web of 
Science and Google Scholar.  An initial sensitive seach is conducted using the following key 
words: ‘Sustainability’ ‘Food engineering’ ‘Food systems’ ‘Challenges’ ‘Solutions’.  
Numerous papers are identified; hence, in order to identify literary works that are specific to 
the research questions an inclusion criteria has been introduced.  This includes published studies 
and grey literature on the current challenges faced in the food system.  An exclusion criteria is 
devised comprising of the following points: 

o Papers irrelevant to challenges faced in the food system are omitted
o Papers that focus primarily on food engineering without sustainability are disregarded
o Papers in languages other than English are excluded
o Papers which do not deliver adequate technical information regarding their approach

are ignored

Having completed the search it is necessary to select the primary sources to use within this 
study: a total of thirty-two papers have been identified for investigation. Upon examining the 
papers four have been recognised as duplicates and not used. After reading abstracts and 
introductions a further two papers are rejected leaving twenty-six papers for investigation.  
Having read the full paper, one more paper is removed due to a lack of implementation details.  
Therefore, twenty-five papers are identified and used as primary studies.  

3. Results

This study has identified that there are many challenges faced in the food system, however, 
currently sustainability is reliant on water, energy and raw materials. We should make use of 
natural food resources, but by respecting biodiversity, thus impacting positively on current and 
future generations. There have been many attempts to optimize the efficiency of food processes, 
withstand pathogens, improve food functionality, sensorial and nutritional food properties, 
reducing food wastage and spoilage, also supply and cost demands globally. With globalization, 
changes in population growth and climate change there a requirement from society to increase 
integration and access in water resources. This can effect energy security, food security and 
water supply security. The economy seeks to create more solutions with less funding, aiming 
to sustain ecosystem services through investing in the environment.  By evolving past solutions, 
we can promote equitable a sustainable growth; food, water and energy security; productive 
environment. The sustainability of food production can be reliant upon economic infrastructure. 
For example, transportation, electricity, information technology systems and electricity are all 
necessary for agricultural development (Adenle, Manning, & Azadi, 2017).   

Major challenges 

Results have identified that there are major challenges encountered in food production 
sustainability, food safety and security, engineering and environmental challenges.  The 
challenge that we are faced with in the contemporary world is related to the demand of fossil 
fuels in new energy sources when there is currently limited availability, with attention to 
potential excessive pollution as a result (Carmona-Martinez, et al., 2015).  Bio sensing 
technologies have been utilised in food sustainability to help convert chemical and electrical 
energy from organic wastes and low strength waste waters. However, as a result of rapid 
industrialization , population growth, urbanisation a heightened pollution and unsustainable 
land use results have found that there is global land degradation which has affected 
approximately 1.5 billion people  (Abhilash, et al., 2016). However, biotechnology has evolved 
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to create novel sustainable land restoration strategies using bioremediation through using high 
specific enzymes and only suitable for specific soil types and social conditions.  Approximately  
90% of water consumption, 70% of water obstructions, 30% of energy use and 8% of sewage 
treatment and water transportation is the global food production accounts associated with the 
leakages that's all found in the relationship between food, water and energy (Liu, et al., 2018).  
Efforts have been made to confront the challenges that stand in the way of enhancing food 
production.   

Food safety and security 

Food safety and security has great health implications for human beings and the animal 
kingdom.  It is essential in every step of the food chain from farming strategies to production, 
the processes, packaging, transportation and also the final consumption of food  (Lang & 
Barling, 2012).  Due to this it is imperative to have the highest risk assessment and safety 
analysis measures in place. These can now be conducted through using elaborate technologies 
that at the forefront of technological advancements. They can include microfluidics, sensors 
and other bio sensing technologies which enable detection and management of food toxins, 
pathogens and nutrients (Dong, et al., 2015).  Historically, the analysis of food safety had 
concentrated on intensive labouring, time management and specialist manual labourers.  
However, the use of microfluidics enables pathogens, food borne toxins, allergens, heavy 
metals on contaminants to be detected very quickly (Weng & Neethirajan, 2017). This can be 
a costly process, which can result in limited access to nutritious and safe foods for individuals 
with low financial means (Bazerghi, McKay, & Dunn, 2016). Therefore, individuals with low 
income can suffer malnutrition and starvation resulting in food insecurities.  This can constitute 
to dire public health threats on social and political sustainability.  There have been 
recommendations made for consumers to eat more plant based foods and reduce animal source 
foods  as this is better for their health (Somani, 2020) and the environment (Willett, et al., 2019).   

Food Packaging 

Over the decades there have been developments in intelligent food packaging technologies 
which implement sustainable safety and preserve quality of foods. The use of real time 
monitoring packaging process is have improved to extend food shelf life so that consumers and 
manufacturer demands can be met (Sousa-Gallagher, Tank, & Sousa, 2016). Fortunately, 
nanotechnology has been used through the use of nanomaterials and robotic technologies in 
order to ensure food safety and quality, whilst reducing ecological footprint (Rossi, et al., 2017).  
The necessary protector from oxygen and moisture, spoilage and storage instructions have been 
considered.  There is a dominant usage of titanium dioxide in food preservation as a food 
additive, because it is believed to be nontoxic to human beings.  However, further research in 
this area needs to be conducted in relation to human absorption, digestion and long-term effects 
of titanium dioxide. The food supply chain does not generally focus on the consumer, but 
concentrations more on the traceability of foods until retail point. Thereafter it is left for the 
consumer to take the necessary precautions to ensure the food is stored in the correct conditions 
with the packaging to ensure safe consumption.   

Food wastage 

More than one third of the food produced is lost or wasted along the production chain (Lipinski, 
et al., 2013). This is approximately 24% of the total energy content of food that is produced.  A 
reduction in the amount of food wastage or loss will be able to feed an additional one billion 
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people.  We can see this illustrated through Fig.3, the food recovery hierarchy system that is 
suggested by the US Environmental Protection Agency. Food losses can occur before harvest 
as a result of processing problems which include handling, packing, transportation and retail 
sometimes it is as a result of infrastructure, of legal frameworks that constitute to a longer 
duration resulting in foods rotting. Fortunately, there are now intelligent packaging sensors that 
can reduce food wastage through using time temperature indicators , and radio frequency 
identification, this can ensure freshness and food packaging integrity (Poyatos-Racinero, Ros-
Lis, Vivancos, & Martinez, 2018). 

Figure 3. US Environmental Protection Agency 

4. Discussion and Conclusions

There have been many endeavours to optimize the efficiency of food processes. There have 
been attempts to withstand pathogens through various means.  Through controlling 
antimicrobial resistance, because if this is avoided then the cycle of nutrients transforms into a 
cycle of pathogens.  We need to improve food functionality, sensorial and nutritional food 
properties, reducing food wastage and spoilage, also supply and cost demands globally.  A shift 
in diet to plant-based foods in comparison to excess animal protein being consumed can help 
(Kearney, 2019).   

The food production challenges include food safety and security, whilst simultaneously 
maintaining good quality in a diverse range of foods. There is an issue facing the economy 
when aiming to govern food systems as there are challenges encountered within the supply 
chain and food packing. The environmental challenge identified, encompasses the process when 
dealing with food wastage and the engineering challenge in creating new foods within an 
evolving society with the new generation (Baldwin, 2015).  
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Financial aid resources are required to be invested in further research and development in food 
engineering.  This will enable safe sustainable food production as it can be driven to help 
agricultural businesses to mobilise implementing innovative technological solutions. In turn it 
will also help the economy to thrive and sustain food production. In order to improve food 
security leading to sustainability, we need to ensure there is readily available food or adequate 
food production that is accessible and can be purchased at reasonable prices.  It needs to be 
ensured that the food we consume is safe and has enough nutritional content including energy, 
proteins and micronutrients.  We also need to ensure that the processes are stable through 
longitudinal conditions  (Helland & Sörbö, 2014).  Biotechnology has proven to contribute to 
sustainability therefore further research should be carried out to transcend limitations to aid a 
commercial perspective on impedance biosensors and how they can be used in sustaining food 
production.  

The increase in globalization and changes in population growth and climate change, has created 
a societal requirement to increase access and integration in water resources that effects energy 
security, food security and water supply security. The economy seeks to create more solutions 
with less funding and the environment is required to invest in aiming to sustain ecosystem 
services (Braun, 2010). By evolving past solutions with the use of modern day technology like 
artificial intelligence which can help in packing and food fraud, we can promote equitable a 
sustainable growth in food, water and energy security creating a productive environment. 

Within the contemporary world food engineering is facing many challenges to develop new 
processes and products. This is identified through the amalgamation of new technological 
advancements and emerging knowledge concerning nanomaterials and computational materials 
(Sun, 2016). It should be our goal in society to ensure that the sustainability of foods is safe 
secure and of a good quality. Therefore, it is important that food engineering processes improve 
upon sustainable food production with flexible and efficient processes.  However, good values 
need to be integrated to ensure a reduced energy consumption, increased safety and 
environmental protection.  Particularly as modern-day food engineering has increased social 
accountability, global competition and governmental interventions. There are many challenges 
faced through political economic and environmental issues to ensure a safer global society. 
Biological solutions can potentially facilitate sustainable energy challenges, for example 
biofuels can be developed, bioelectricity can be generated stored and renewed.  Although it may 
incur high cost at the outset, it will be more cost effective in the future compared to exhausting 
current fossil fuels. However future research is required to ensure efficiency on environmental 
impact.   

This study has identified innovation gaps in technology validation and demonstrations, in 
relevant and operational environments, in food systems. Investment companies need to take 
risks on innovative research study ideas, by bridging the innovation gap, and seeking to 
implement practical solutions, to create a sustainable impact, on future generations. This can 
only occur, when users accept, sustainable, innovative food processes.  This can be achieved 
through more marketing to create awareness of solutions, which will generate an interest from 
scalable markets. Necessary action must take place now to save future generations. 
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Characterization of clays from Bijele Poljane (Cetinje, Montenego) 
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Abstract: Clays, used in more than a hundred areas, are among the most important industrial 
raw materials. The suitability of clay for a specific application is based on its mineralogical and 
chemical composition. Generally, clays contain different nonclay minerals as impurities besides 
major and minor clay minerals. In this study, a sample of clay taken from the white bauxite 
deposit (“Bijele Poljane”, Cetinje, Montenegro) was examined in term of its mineralogy, 
morphology and porosity.  

Keywords: clay, characterization, kaolinite, illite 

1. Introduction

Value of clay is recognized in agriculture, civil engineering and environmental studies. This is 
largely because of their high resistance to atmospheric conditions and easy access to their 
deposits near the earth's surface and low price. In developed countries, industrial uses of clays 
have many applications such as coating and filler pigment for paper, filler for paint, rubber and 
plastics, formulation additives in food, insecticides, cosmetics, pharmaceutics, and also as a 
major component in ceramics (Pialy et al., 2009). Clays are natural materials largely used by 
the prehistoric civilization to make household utilities. Presently, they are still used in the 
manufacturing of ceramic products such as bricks, porcelain, sanitary ware, floor and roofing 
tiles. Depending on the layer structure and specific properties, such as high specific surface 
area, ion exchange capacity, or hydration property, clay minerals were widely used in ceramics 
and building materials, paper industries, oil drilling, foundry moulds, and were also used as 
adsorbents, catalysts or catalyst supports, ion exchangers, and decolourizing agents (Erdoğan, 
2015). The final product is strongly influenced by chemical and mineralogical compositions 
and particle size distributions (Kitouni and Harabi, 2011). Therefore, the knowledge of above 
mentioned properties of the natural clay materials is of great interest since it provides useful 
information in the selection of more appropriate raw clay materials associated with industrial 
applications. The particle size of natural clay materials influences their behavior during the 
technological drying and firing processes, and affects many properties of the building clay 
products, such as the plasticity, microstructure and the mechanical properties of fired materials 
(Bauluza et al., 2003). Clay based bricks are mostly used in Montenegro for building.  
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2. Material ve Method

Mineralogical, chemical and microstructural characterization of the clayey rocks from the 
“Bijele Poljane”, Cetinje, Montenegro have been performed. The whole area of the white 
bauxite deposit (“Bijele Poljane” mine) is characterized by the presence of clays. Figure 1 
shows the geological map of the studied surrounding areas. It covers the geological information 
of the major clay deposits of Montenegro. 

Figure 1.  Geographical map showing the location of the study areas (orange color) 

The investigated clay types from the White Bauxite Mine appear in layers and have different 
mineral content: clays with the presence of bauxite minerals, illite-kaolinite clays and clays 
with very heterogeneous mineral content. This mineral content gives the possibility of obtaining 
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different ceramic products (Kostić-Gvozdenović and Ninković, 1997). The most important 
differences in mineral content are mostly related to the content of bauxite minerals, clay 
minerals, iron compounds, quartz and calcite. The characterization of the investigated clays was 
done by the determination of the mineral content, chemical content and granulometric content. 

3. Results

Chemical analysis has shown that the samples are mainly constituted of silica, aluminum and 
iron oxides (Table 1). Higher content of SiO2 and Al2O3 together with total mass loss on ignition 
indicate higher content of clay minerals in the samples.  

Table 1. Chemical composition of clay from Bijele Poljane 

Oxides Al2O3 SiO2 Fe2O3 CaO MgO K2O TiO2 lg. loss
Percentage by 
weight (%) 

24.98 64.42 2.60 1.02 1.12 0.90 0.82 3.30 

The mineralogical profile of the clay sample can be successfully examined using X-ray 
diffraction. The X-ray analysis shows the presence of the following minerals in the clay: 
kaolinite, illite, gibbsite, boehmite, anatase, hematite and clinochlore. Clay minerals are of 
either layered or fibrous structure. Kaolin group clay minerals are layered. Kaolinite - this clay 
mineral is the weathering product of feldspars. It has a white, powdery appearance. Kaolinite 
is named after a locality in China called Kaolin, which invented porcelain (known as china) 
using the local clay mineral. The ceramics industry uses it extensively. Because kaolinite is 
electrically balanced, its ability of adsorb ions is less than that of other clay minerals. Kaolinite 
is made up of silicate and aluminum oxide/hydroxide layers arranged in an alternating fashion. 
The existence of hydrogen bonding interaction between silicate and aluminum layers holds 
them together strongly. The chemical composition of kaolinite is Al2Si2O5(OH)4. The kaolinite 
structure can be seen from Figure 2. 

Figure 2. Structure of kaolinite 

Illite - it is the weathering product of feldspars and felsic silicates. It is named after the state of 
Illinois, and is the dominant clay mineral in mid-western soils. The illite structure can be seen 
from Figure 3. Illite is a clay mineral mica, the structure is a 2:1 layer in which the interlayer 
cation is potassium. The size, charge, and coordination number of K is such that it fits snugly 
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in hexagonal ring of oxygens of the adjacent silica tetrahedral sheets. This gives the structure a 
strong interlocking ionic bond which holds the individual layers together and prevents water 
molecules from occupying the interlayer position. 

Figure 3. Structure of ilite 

The results of the granulometric analysis show the average grain size of 60.32 m in the 
samples. Loss of mass after gravimetric measurement at given temperatures shows that the 
samples have significant amount of water in their structure (≈3.3 wt% (110 ºC)). Based on their 
mineral composition and characteristics possible application could be in different types of 
construction industries. 

4. Discussion and Conclusions

The chemical composition of the clay samples indicated that the presence of SiO2, Al2O3 and 
Fe2O3 as major constituents, along with traces of K2O, MgO, CaO and TiO2. At high 
temperatures the composition of aggregate and natural binder materials, used in the 
manufacture of building materials in the construction industry, deteriorates, and such materials 
undergo mass loss. According to the results obtained from loss on ignition analyses, loss on 
ignition of clays was determined as 3.3%. As stipulated in the standard the maximum loss on 
ignition of a raw material can be 5% by weight. If the loss by weight of a raw material at 
maximum temperature is ≤5%, it can be used as a raw material in bricks, cement, and roof tiles. 
According to the analysis results, it was determined that the clays of the region can be used as 
building materials in bricks, roof tiles, and cement and as a binder. 
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