
PROCEEDINGS

INTERNATIONAL  CONFERENCE ON 
MECHATRONICS, SYSTEM ENGINEERING 
AND ROBOTICS & ENERGY EFFICIENCY 
ENGINEERING

OCTOBER
27 - 29 

 
DURRËS,  ALBANIA

Leadership and Innovation
Education | Research | Training | Consulting | Certification

6    UBT ANNUAL  INTERNATIONAL
CONFERENCE

th



 

 

 

 

Proceedings of the 

6th UBT Annual International 

Conference  
 

 

 

 

International Conference for Mechatronics, System 

Engineering and Robotics & Energy Efficiency Engineering 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Edited by 

Edmond Hajrizi 
 

October, 2017 

  



 

 

 

 

© UBT – Higher Education Institution 

6th UBT Annual International Conference  

Durrës, Albania 27-29 October 2017 
 

 

 

 

 

Editor: Edmond Hajrizi 
 

 

 
 
 
 
 
Organizing Committee: Edmond Hajrizi, Felix Breitenecker, Kozeta 
Sevrani, Xhemajl Mehmeti, Bertna Karahoda, Eda Mehmeti, Jorida 
Xhafa, Emine Daci, Mimoza Sylejmani, Visar Krelani, Krenare Pireva, 
Sema Kazazi, Alisa Sadiku, Gjylbehare Llapi, Rineta Jashari, Bejtush 
Ademi, Ramiz Hoxha, Muhamet Sherifi, Lirigzona Morina, Murat 
Retkoceri, Artan Tahiri, Lulzim Beqiri, Muhamet Ahmeti, Ferid Selimi, 
Naim Preniqi, Skender Ramadani, Egzon Berisha, Trimor Racaj, Ukë 
Sejfijaj, Rrezon Hasani, Gent Bicaj 
 

 

 

 

 

 

 

 

 

 

 

 

Authors themselves are responsible for the integrity of what is being published. 
Copyright © 2018 UBT. All rights reserved. 

Publisher, 
UBT 

  



 

 

EDITOR SPEECH 
 

 

UBT Annual International Conference is the 6th international interdisciplinary peer 

reviewed conference which publishes works of the scientists as well as practitioners in 

the area where UBT is active in Education, Research and Development. 

 

The UBT aims to implement an integrated strategy to establish itself as an 

internationally competitive, research-intensive university, committed to the transfer of 

knowledge and the provision of a world-class education to the most talented students 

from all backgrounds.  

The main perspective of the conference is to connect the scientists and practitioners 

from different disciplines in the same place and make them be aware of the recent 

advancements in different research fields, and provide them with a unique forum to 

share their experiences. 

It is also the place to support the new academic staff for doing research and publish 

their work in international standard level. 

 

This conference consists of sub conferences in different fields: 

- Education and Psycology 

- Life Sciences and Technologies (Health and Food) 

- Management, Business and Economics 

-Humanities and Social Sciences (Law, Political Sciences, Media and 

Communications) 

- Computer Science and Information Systems 

- Mechatronics, Robotics, Energy and Systems Engineering 

-Architecture, Integrated Design, Spatial Planning, 

-Civil Engineering and   Infrastructure 

 

This conference is the major scientific event of the UBT. It is organizing annually and 

always in cooperation with the partner universities from the region and Europe. 

 

As professional partners in this conference are: Kosova Association for Control, 

Automation and Systems Engineering (KA CASE), Kosova Association for Modeling 

and Simulation (KA SIM), Quality Kosova, Kosova Association for Management, 
Institute for Development of Education and Academic Affairs (IDEAA) 
This conference is sponsored by EUROSIM - The European Association of Simulation. 

 

We have to thank all Authors, partners, sponsors and also the conference organizing 

team making this event a real international scientific event. 

 

This year we have more application and publication than last year. Congratulation! 

 

Edmond Hajrizi, Chair 

UBT- Higher Education Institution
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Emerging Role of Robot-Assisted Occupational Therapy 
for Children with Down Syndrome 

Venera Krasniqi, Nevena Ackovska, Katerina Zdravkova 

Ss. Cyril and Methodius University of Skopje, Department of Computer Science 

Skopje 1000, Republic of Macedonia 

Abstract. Robotic technology is becoming increasingly popular as a platform for both education 

and entertainment. It also provides us with new conceptual directions which might have 

incredibly positive impact on children with physical growth delays and intellectual disabilities. 

In this research project, the educational robot Roamer Too from Valiant Technologies has been 

used to explore the development of social skills of children with Down syndrome. In conjunction 

with an interactive collaborative environment, this device represents a unique opportunity for 

these children to fully engage in learning, play, communication, build relationships and have fun. 

The results of this study indicate that educational robots help to develop kids’ social and learning 

psychologies, moving from a more standard knowledge acquisition by absorption toward acts of 

exploration, collaboration, and creation. As a result, children reflect social initiations, 

communicative competence and joint attention. 

 

Keywords: Robot, children, Down syndrome, education, social 

 

 

Introduction 

 

Down syndrome is a chromosomal disorder that a child is born with and has for life. Children 

with Down syndrome have generally learning weaknesses. However, the degree of that 

impairment differs from one child to another. The majority of children with Down syndrome will 

learn reasonably well, given a few adaptations to the learning context. There is a list of few ideas 

that are used for maximizing the learning potential of children with Down syndrome such as: 

keeping simple the teaching process, keeping things real while demonstrating a step, teaching 

without testing them while providing opportunities for play and exploration [1][2][3]. Play 

experiences are very helpful for teaching new skills. They are natural and appealing to the child. 

Even when children are on their own, the play situation is where they learn how things work and 

how their bodies can adapt [1]. Exposing the child to many different types of play situations helps 

to facilitate working knowledge in different areas.  

      Considering these facts, and knowing that children with and without disabilities naturally find 

robots to be engaging and respond favorably to social interactions with them [4][5][6], even when 

the child typically does not respond socially with humans, it is very appropriate to use the 

occupational therapy to boost their social and communicative initiatives. Occupational therapy is 

concerned with a child’s ability to participate in daily life activities, to help improve a child’s 

motor, cognitive, sensory processing, communication, and play skills with the goal of enhancing 

their development and minimize the potential for developmental delay [7]. When this therapy is 

combined with educational robot kits (such as, for example, Roamer robot [8]) and adequate 

curricula [9] children will develop a stronger understanding of mathematical concepts such as 

number, size, and shape in much the same way way—if not better—than traditional materials do. 

Roamer Too robot [8] is a flexible and modular robot which allows students to easily modify it 
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in order to meet the needs of the learning activity. In this project, the Roamer was fed with logical 

statements in a set order to execute a sequence of commands, with the end result being to follow 

a predetermined path, from a simple straight line to ever-increasingly complex patterns and 

sequences. 

     The overall objective of this paper is to see whether the Early Year Roamer Too robot will 

help children to be more interactive and cooperative among themselves when they work in group 

or individually at various activities, particularly mathematical activities (drawing various 

geometrical objects). With this project we believe to contribute in identifying problems that need 

to be solved in educational robotics and avenues on how robotics might be used to make special 

needs education more effective. More specifically, how Roamer Robot will be effective when 

used in extracurricular activities with children having a Down syndrome.     

 

 

Methodology 

 

To explore more effectively the attitude of children towards the educational kits, in this case the 

Roamer robot, we have employed the “Focus Group” methodology to gather the data. Just as in 

the dynamics of real life, through the focus groups the children are able to interact, influence each 

other and discuss openly. Taking into consideration the lack of data in Kosovo, we have 

developed focus groups in one of the branches of Centre for Children with Down Syndrome 

(CCDS), which is located in Ferizaj, Kosovo. This project involved a total of 11 (eleven) children 

with some of them participating in individual sessions. Individual sessions are held for children 

who have more obstacles in speaking. The study was done with the permission of parents with 

whom, one author (V. K.) and psychologist of the center talked individually.  

    Aiming to have the best possible authenticity, we divided the groups in two. First group was 

composed of four children whereas second group was composed of seven children. The reason 

why we made this group division was to see where the children will feel more comfortable 

learning and working with Early Year Roamer Too robot when they are alone and thus feel more 

free to express themselves, even if they make errors when they press any button, or when they 

are grouped in team, learning and working together. 

 

 

Results and discussion  

 

The focus groups we established at the CCDS helped us to investigate the effectiveness of 

Roamer robot in interaction and cooperation among children while they work in group or 

individually at various activities in the center. First group was composed of four children with 

Down syndrome with whom one author (V. K) had the opportunity to work separately. All 

children who participated in this study came in individual sessions (outside the regular one) to 

work extra hours with their psychologist Yllka Mani. From 4 (four) children who participated in 

the study, 3 (three) of them were males and 1 (one) of them female. The children age vary from 

7-10. 
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Table 1. Frequency distribution for the characteristics of the sample, first group 

 

Participant 

(n=4) 

Gender Age 

1 Male 10 

2 Male 9 

3 Male 7 

4 Female 8 

 

The nationality of 4 children is Kosovar and all of them are residents of Ferizaj. With every child 

with whom Venera Krasniqi worked, author (V.K) introduced herself and then the “Roamer robot 

Too”. She started describing the steps of robot activation (how the robot can be turned on and 

off). Then, continued with commands (always referring to the commands with shapes and colors) 

so they will be able to recognize and remember better their purpose. The same steps were repeated 

in three other weeks with other three children, starting from the first day, where the author 

describe and explain the robot activation up to the exercises practiced with the robot commands.  

 

All the steps taken in first group were repeated in the second group too. In the second group, 

however, a total of 7 (seven) children with Down syndrome participated in the study.  

                                         Table 2. Summary of second group data 

 

Number of 
participants 
(n=7) 

Gender Age 

1 F 8 

2 M 9 

3 M 7 

4 M 7 

5 M 7 

6 M 13 

7 M 10 

A feature of working with this group is that, all exercises were demonstrated with mutual 

cooperation between them as compared to the first group where children were had to work 

individually because they were in their individual sessions with psychologist. When we 

introduced the robot (as in the first group), all children were motivated and enthusiastic. They all 

were watching and listening carefully what the principal investigator (PI) Venera Krasniqi was 

saying. The PI tried to talk slowly and each sentence related to the robot was accompanied with 

the demonstration (touching the robot) because concrete or-hands-on approaches are more 

effective.  
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All children that were included in the focus groups are registered also in regular schools (i.e. they 

are involved in a regular teaching process). Activities within the CCDS are extracurricular 

activities that adapt individual scholar needs for every children. Typically achievements of 

children with Down syndrome in math are at a lower level than those in reading ability. Given 

these facts, the purpose of this paper is to see whether the Early Year Roamer Too robot will help 

children to be more interactive and cooperative among themselves when they work in group or 

individually at various activities, and particularly mathematical activities (drawing various 

geometrical objects). Throughout this project, an interactive evaluation procedure has been used, 

which has been defined as the way in which participants stayed on task during the activity, how 

they communicated with each other and the principal investigator, and the nature of manipulation 

of the robot. To characterize the interaction, three indicators were used (a) engagement, (b) 

substantive conversation, and (c) knowledge production. The first one describes to which extent 

participants demonstrate a high level of motivation by remaining on task. The second indicator 

captures the participant’s occurrence of interactions and discussion during the activity. Third is 

an indicator that describes the degree to which participants were able to manipulate information 

and materials (e. g., the robot) to solve problems and create their own learning. The interactive 

process has been evaluated by using a five-point scale evaluation, with one representing a “low” 

level and five a “high” level. 

  

Figure 1.  (a) Mean and (b) standard deviation of the three evaluation indicators for the first 

group. Blue, orange and gray bars correspond to participant engagement, substantive 

conversation and knowledge production, respectively 

 

The children in the first group showed a medium level of interactivity demonstrated by ratings 

for each indicator ranging from 4, 5 for level of engagement, 2, 75 for substantive talk and 2, 25 

for knowledge production. Even though children stayed on task, the results of the first group 

show that individual sessions are not too effective.  
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Figure 2.  (a) Mean and (b) standard deviation of the three evaluation indicators for the 

second group. Blue, orange and gray bars correspond to participant engagement, substantive 

conversation and knowledge production, respectively. 
 

 

Second group showed a high level of interactivity demonstrated by high ratings for each indicator 

ranging from 3.86 for knowledge production, 3.71 for substantive talk to 4.71 for level of 

engagement. On the average, participants stayed on task, even though less engaged in substantive 

occurrences of verbal interactions, they had the opportunity to manipulate the robot and work 

with it. 

 

 

Conclusion 

 

Initial judgements were performed to determine how effective Early Year Roamer Robot is when 

interacting with young children having Down syndrome, with the goal of understanding the 

potential of such a robot to encourage skill acquisition (motor, language, intellectual, social, etc.) 

during the child development process. Eleven children between ages 7 to 13 years old participated 

in this study. Four of them took individual sessions with the robot while the rest worked as a 

team. The quantitative results were somewhat indecisive but are leading to on-going 

improvements in the design. In general, it was found that children with Down syndrome enjoy 

playing with robots (robotic toys) and respond differently to them than to human educators or 

non-interactive toys. This research shows that children exhibit a high level of interactivity, 

demonstrated by high ratings of the evaluation indicators. Interaction indicators such as 

engagement, substantive conversation and knowledge production were higher when working in 

a team than in individual sessions, indicating thus that team work boosts both children motivation 

and competitiveness more effectively than individual sessions. The Early Year Roamer Robot 

helps children to reflect social initiations, communicative competence, and joint attention. 

 

 



10 

 

References 

 

1. C. Brennan, "Including Children with Down syndrome in Early Childhood Care and 

Education Settings," Down Syndrome , Ireland, Dublin, Ireland, 2005. 

2. A. S. Inc., "Supporting Learning in the Student with Autism," 2012. [Online]. Available: 

https://www.autismspeaks.org/sites/default/files/sctk_supporting_learning.pdf 

3. Mr.Virendra Sharma MP Chair, Dr Hywel Francis MP Vice‐Chair, Lord Wigley Treasurer 

and Dan Rogerson MP Secretary, "Down syndrome: Good Practice Guidelines for 

Education," All Party Parliamentary Group on Down Syndrom, London, UK , 2012.    
4. Joanne E. Roberts, Johanna Price and Cheryl Malkin, "LANGUAGE AND 

COMMUNICATION DEVELOPMENT IN DOWN SYNDROME," Wiley-Liss,Inc, 

North Carolina, 2007. 

5. A. M. Howard, "Robots Learn to Play: Robots Emerging Role in Pediatric Therapy," 

Twenty-Sixth International Florida Artificial Intelligence Research Society Conference, 

Atlanta, 2013. 

6. Theberge-Turmel, Francois Michaud and Catherine, "MOBILE ROBOTIC TOYS AND 

AUTISM," Research Gate, pp. 5-8, 2013. 

7. D. E. Manual, "Supporting the Student with Down Syndrome in Your Classroom," 

Down Syndrome Association of West Michigan, Michigan, 2010  

8. Grange Mills and Weir Road, "ROBOTS BY VALIANT TECHNOLOGY," Valiant 

Technology Ltd, Balham, London. 

9. Gillian Bird, Sandy Alton and Cecilie Mackinnon, "Accessing the Curriculum – Strategies 

for differentiation for pupils with Down syndrome," Down Syndrome Education Online, 

England, 2010. 

  



11 

 

Maturity Level of Kosovo Manufacturing Industry with 
regard to Industry 4.0 

Fatmir Azemi1, Edmond Hajrizi2, Bekim Maloku3 

1Mechanical Engineering Faculty in Slavonski Brod, JJ Strossmayer University of 

Osijek, Trg Ivane Brlić Mažuranić 2, 35000, Slavonski Brod, Croatia. 
 2 UBT – Higher Education Institution, Lagjja Kalabria, 10000 p.n., Prishtinë, Kosovo 

3 SHMT”Lutfi Musiqi” Rruga “Kruja” 42000 p.n., Vushtrri, Kosovo 

fatazemi@hotmail.com; ehajrizi@ubt-uni.net;bekim.m70@hotmail.com 

Abstract. In this paper the concept of Maturity Level of Kosovo Industry will be presented 

according to the Industry 4.0. Digitalization of factory has impact the entire business environment 

and lead to Smart Enterprises. To create a model of Smart Factory, first we have analyzed the 

existing situation of Kosovo Manufacturing Industry with regard to revolution of Industry. In this 

paper we will describe the results of a recent research at the Kosovo manufacturing companies 

and are included metalworking and furniture industry, where is developed a Maturity Level for 

Kosovo Industry. To describe the Maturity Level of Kosovo Industry we have delivered 

questionnaire and have been done interviews with CEOs (Chief Executive Officer). The average 

score of Industrial Maturity Level for Kosovo Industry is 2.14 which represent 2nd Industrial 

Revolution, but some of enterprises belong to 3rd Industrial Revolution. Also, the main barriers 

of this low level of Maturity Level of Kosovo Industry are highlights based on questionnaire and 

interviews with CEOs, such as: lack of training programs, language barriers, high cost of 

purchasing/maintenance of technology, unskilled workers, and est. 

 

Keywords: Industry 4.0, Smart Enterprises – Factory, Digitalization, Kosovo Industry 

 

 

Introduction 

 

We stand on the brink of a technological revolution that will fundamentally alter the way we live, 

work, and relate to one another. In its scale, scope, and complexity, the transformation will be 

unlike anything humankind has experienced before. We do not yet know just how it will unfold, 

but one thing is clear: the response to it must be integrated and comprehensive, involving all 

stakeholders of the global polity, from the public and private sectors to academia and civil society 

[1]. 

The First Industrial Revolution is characterized by the used water and steam power in England 

in the late 18th century. The Second Industrial Revolution, which began in the middle of 19th 

century (1850-1970), used electric power to create mass production. A next industrial era, which 

is described as the Third Industrial Revolution used electronics and information technology to 

automate production. Now a Fourth Industrial Revolution is building on the Third, it is 

characterized by Internet of Things, Cloud based Manufacturing, a convergence of physical and 

virtual world by a fusion of technologies that is blurring the lines between the physical, digital, 

and biological spheres. 

To achieve a full Industry 4.0 implementation companies needed to be full digitalized, equipped 

with new technology available, to create and utilize a digitalized production. This is challenge 

not for developing countries but even for developed countries. So, Kosovo enterprises cannot just 

mailto:fatazemi@hotmail.com
mailto:ehajrizi@ubt-uni.net
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wait until all the technology will be available, but it would get initiatives to starting the use of 

existing technology in process of digitalization factory, developing new ones to help industrial 

companies take advantage of the digitalization benefits of Industry 4.0. Several associations and 

initiatives around the world are focused on applied digitalization, like Industry 4.0 – Germany, 

Made in China 2025 – China, Industrial Internet Consortium (IIC) – US, Industrial Value Chain 

Initiative (IVI) – Japan, The project Innovative Smart Enterprises (HR-ISE model) – Croatia, est. 

The main objective of this paper is to get initiatives in creating and preparation environment in 

Kosovo enterprise for Industry 4.0. In this way, we have measured a Maturity Level for Kosovo 

Industry and the research has been done at the manufacturing companies respectively are 

included metalworking and furniture industry. 

 

 

Literature Review 

 

According to industry experts we are now experiencing the next industrial revolution, the 4th 

one. The term Industry 4.0 was first used by a group of expert at the Hannover Fair in April 2011 

(Kagermann, Lukas und Wahlster 2011) and   officially presented at the 2012 Hannover Fair in 

Germany as one of ten “Future Projects” that form Germany’s High-Tech Strategy 2020 [2],[3]. 

Industry 4.0 is characterized by digitalization of products and services, the application of internet 

of things, the technological integration of Cyber Physical Systems using the Technologies of 

Information and Communication in industrial processes of manufacturing and logistics, and 

things like that.    

To achieve this Industrial Revolution enterprises should change in classical organization of 

industrial work methodologies and development of new business models, in productive system, 

manufacturing of goods, maintenance of services, also changing working relationship with 

human being. Several initiatives around the world are focused on those things and governments 

have already their strategy for the future competitiveness at the global market, such as the 

Industrial Internet Consortium (IIC), Japan’s e-Factory, Intelligent Manufacturing (China), as 

well as the German Industry 4.0 platform are each defining a reference architecture model for 

overall factory of the future infrastructures. 

 

 

Method 

 

To describe the current state of Kosovo manufacturing enterprises regard to the industry 

revolution, have been gathered data from enterprises at metalworking and furniture industry. 

Beside other questions, the question nine present the level of communication at the departments 

within enterprises. This model of question is based in the model survey that has been done in 

Croatia Industry, Ivica Veza, et al.[4]. 

Respondents have been answered in each departments for level of communication from score 1 

to 5, and answers have been converted from 1 to 4 which representing one of the four of historical 

industrial revolution. Using that model, on average score has been calculated for each of 13 

departments of manufacturing.   

To gather data, we have delivered 219 questionnaires, some of them have sent via e-mail and 

some of them we have sent personally, but we have received 106 questionnaires from the 

enterprises, have been chosen two types of enterprises: furniture and metalworking industry. 

Also, a large number of interviews have been done with CEOs (Chief Executive Officer) of 

enterprises. 
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The questionnaire was designed to provide a description of usage and impact of ICT in Kosovo 

industry, but question nine describes the level of communication through departments in the 

enterprises, which is our objective of presentation in this paper, also the main barriers to using 

computers and other information technologies facilities at the enterprises. Questionnaire 

administration offers a suitable method for posing an equivalent set of questions to a large number 

of people. 

 

 

Results 

 

Overall average represents industrial maturity level of Kosovo metalworking and furniture 

industry (Figure 1), and distribution of enterprises according to their industrial maturity level is 

presented in Figure 2. 

 

Fig. 1. Average level of industrial maturity for specific departments of production for Kosovo 

metalworking and furniture industry 
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Fig. 2. Distribution of enterprises from Kosovo metalworking and furniture industry according 

to their industrial maturity level 

 

Figure 1 shows that average score of Industrial Maturity Level for Kosovo metalworking and 

furniture industry is 2.14 which represent 2nd Industrial Revolution. Since most of the enterprises 

have score between 1.50 and 2.49 (figure 2), they belong also to 2nd Industrial Revolution. Some 

of enterprises belong to 3rd Industrial Revolution, and none of the enterprises are in 4th Industrial 

Revolution, i.e. Industry 4.0. So, current state of Kosovo manufacturing industry is not Industry 

4.0, but Industry 2.14.  

We have compared those results with results from Croatia Manufacturing Industry (figure 3), it 

seems that Kosovo Manufacturing Industry is approximately in same state as it was Croatia 

Manufacturing Industry in 2013 (Kosovo Manufacturing Industry is Industry 2.14, Croatia 

Manufacturing Industry is Industry 2.15 [4], but Kosovo Manufacturing Industry is a couple of 

years later than Croatia Manufacturing Industry. Figure 4 presents compared both Kosovo and 

Croatia manufacturing Industry, but distribution of enterprises according to their maturity level. 

Also, from this graph seems that Croatia Industry is a little forward from Kosovo Industry. 

 

 
 

Fig. 3. Croatia and Kosovo manufacturing industry level with regard to Industry 4.0 
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Fig. 4. Distribution of enterprises from both Croatia and Kosovo industry according to their 

maturity level 

 

Barriers in the usage of computers and other information and communication 

technology facilities 

 
Respondents were asked about the main factors that cause resistance to the use of ICT (ICT -

Information and Communication Technology). Figure 5 presents a summary of the responses to 

ten different factors relating to perceived barriers to using computers and other information 

technologies facilities at the enterprises. 

Six factors should be highlighted out as important barriers: lack of training programs 98.90 %, 

language barriers 92.30%, high cost of purchasing/maintenance of technology 84.60%, unskilled 

workers 81.30 %, and with 80.20 % inadequate education and lack of creative administrative 

leadership. Results of the survey also show that: limited size of firm's operations (27.50 %), fear 

of losing job (28.60 %), technophobia (25.30 %) and over-expectation of technology (25.30 %) 

are less important barriers.  
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Fig. 5. Graphical presentation of barriers and obstacles in usage of computers and other 

information and communication technology facilities 

 
Based on barriers and obstacles withdraw from survey (interview and questionnaire) the four 

different topics at organisation are needed to develop and investigated: The Culture (People), 

Processes, Technology and Environment. Figure 6 describes the current state of Kosovo industry 

and the way to transform their industry in direction to industry 4.0. 
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Fig. 6. Current state of Kosovo manufacturing industry and the path to Industry 4.0 

 

 

Discussion 

 

Technological developments have forced enterprises to take important steps towards changing in 

classical organization of industrial work methodologies and development of new business 

models. Several initiatives around the world are focused on creating of their model and strategy 

for the future factory regarding to Industry 4.0. Based on results from this paper Kosovo 

Manufacturing Industry is far away from Industry 4.0 with Industrial Maturity Level 2.14 which 

represents the Second Industrial Revolution. The main goal of this work was to measured 

Industrial Maturity Level of Kosovo Manufacturing Industry as well as barriers and obstacles in 

usage of ICT at the enterprises. Also, we compared those results with results from Croatia 

Manufacturing Industry, it seems that Kosovo Manufacturing Industry is approximately in same 

state as it is Croatia Manufacturing Industry , but Kosovo Manufacturing Industry is a couple of 

years later than Croatia Manufacturing Industry. Meanwhile, Croatia has already taken some 

steps in the develop model of Innovative Smart Enterprise, project INSENT [4], Kosovo 

officially not yet. 

 

 

Conclusions and future work 

 

Customized products with quality, low cost and shorten time to market will be the demands of 

costumers for the future enterprises. New manufacturing processes should be addressed those 

challenges. Information and communication technologies, such as Internet of Things, Big Data, 
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Cyber-Physical-System and things like this should be implemented in the manufacturing 

enterprises to achieve Smart Factory of Industry 4.0 [5]. Industrie 4.0 (English translation: 

Industry 4.0) stands for functional integration, dynamic reorganization, and resource efficiency 

[6]. 

We have measured industrial maturity level for Kosovo Industry and we have drown a conclusion 

that industrial maturity level for Kosovo Industry is 2.14, which represent the Second Industrial 

Revolution. But, some of enterprises belong to the Third Industrial Revolution; they are scored 

between 2.5-3.49. We can conclude that current state of Kosovo manufacturing industry is not 

Industry 4.0, but Industry 2.14 with some of potential of enterprises of Industry 3.0. Therefore, 

Kosovo manufacturing industry is far away from Industry 4.0 and required cooperation between 

Government, Businesses, People and Standard Bodies. The main obstacles and barriers of this 

low level of maturity level of Kosovo Industry based on questionnaire and interviews with CEO 

are: lack of training programs, language barriers, high cost of purchasing/maintenance of 

technology, unskilled workers, and inadequate education and lack of creative administrative 

leadership. This paper work is done in process of our initiatives to create a model of smart factory 

for Kosovo enterprises, and the future work will be done in this direction. Therefore, in the future, 

our focus is to develop and investigate personnel, processes, technology and environment 

regarding to Industry 4.0. 
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Abstract: After a short introduction the  basic ideas of production 4.0 will be presented. 

Production 4.0 is not new. We had it under the headline “Agile Manufacturing” in the late 

Nineties. The idea beyond was to produce different products on one line economically.  

The role of robots in production 4.0 will be shortly outlined. The main goal of this contribution 

is to make some additional remarks to the existing kinds of robots and introduce some new 

categories probably necessary in the future for agile manufacturing.  
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Introduction 

 
Robots are always a frequently used as an example for Mechatronic Systems. Currently the field 

of robotics is in the stage of  very fast development not only because of the latest trends in 

production automation. 

The last step Production 4.0 is not new. We had it under the headline “Agile Manufacturing” in 

the late Nineties. The idea beyond was to produce different products on one line economically. 

At that time it was not realizable because of the missing IT hard- and software. 

Main ideas are 

 Products and machines will be equipped with processors, sensors and wireless 

communication facilities  

 Communicate with each other and with other production machines, and are self-

organizing as well as partially even self-optimizing. . 

 Information through data glasses: The emergence of “Gray-collar workers”: 
Channeling of “data cemeteries” 

One of the main goals of production 4.0 is to create “Smart Factories”. They beginning to appear 

and employ a completely new approach to production. Smart Factories allow individual customer 

requirements and the dynamic business and engineering processes enable last-minute changes to 

production.  

These smart products are  

 uniquely identifiable,  

 may be located at all times  

 know their own history and the current status 

 able to find alternative routes to achieving their target (final) state 
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Development trends 

 

In manufacturing automation Industry 4.0 is the next phase in the digitalization of the 

manufacturing sector. 

It is sometimes called the 4th industrial revolution. 

 

It is driven by:  

 Rise in data volumes 

 Computational power 

 Connectivity 

 Virtual to real world data transformation  

 

 
Not only for this one of the most ambitious aims of robotics is to design autonomous robots 

(industrial, mobile, humanoid) that could reach – and even surpass – human intelligence and 

performance in partially unknown, changing, and unpredictable environments. 

 

This goal is closely connected with the developments of Artificial Intelligence (AI). AI will be 

able to lead the robot to fulfill the missions required by the end users. To achieve this goal, over 

the past decades scientists have worked on AI techniques in many fields, including: 

1. Artificial intelligence 

2. Perception and analysis of the environment 

3. Natural language processing 

4. Human interaction 

5. Cognitive systems 

6. Machine learning and behaviors 

7. Neural networks 

Therefore in the overview (Fig.1) conventional as well as “advanced” robots fullfill total or 

partially some of the features mentioned above are tried to systemize. 
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Fig.1 Robots 
 

Clearly this new automation philosophy requires highly cooperative industrial, mobile and 

probably in the future humanoid robots – a so called multi-robot system. 

  

A multi-robot system is a distributed system that consists of a collection of autonomous 

computers, connected through a network and distribution middleware which enables them to 

coordinate their activities and to share the resources of the system so that user perceives the 

system as a single, integrated computing facility. Nevertheless, multiple robot systems are 

different from any other distributed systems because of their implicit “real world” environment, 

which is more difficult to model. 

 

A system involving several robots is a distributed system as distribution exists in a spatial and 

informative way as well as regarding decision making. Spatial distribution exists as each robot is 

located in a different position. Besides, informative distribution is clear as information belongs 

to each robot so that not all information is common to all agents. At the end, the last decision 

about the task is always inside each robot that would execute the tasks depending on its intern 

situation. 

 

The term collective behavior denotes any behavior of agents in a system having more than one 

agent. Therefore, cooperative behavior is a subclass of collective behavior characterized by 

cooperation, this is, the ability to work or act together for a common purpose. 

Hence it follows that a multi- robot system displays cooperative behavior if due to some 

underlying mechanism, there is an increase in the total utility of the system. There are three 

fundamental aspects for cooperative behavior: the task the robots must perform, the mechanism 

of cooperation and the system performance 

 

In this context, one of the fundamental aspects of the robots is their capability to learn: to learn 

the characteristics of the surrounding environment, that is, the physical environment, but also the 

living beings that inhabit in. This means that robots working in a given environment have to 

distinguish human beings from other objects. 
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In addition to learning about their environment, robots have to learn about their own behavior, 

through a self-reflective process. They have to learn from experience, replicating somehow the 

natural processes of the evolution of intelligence in living beings (synthesis procedures, trying 

and error, learning by doing, and so on). 

 

21th century robots will be used in all areas of modern life. The major challenges are: 

 To develop robotic systems that can sense and interact useful with the humans. 

 To design robotic systems able to perform complex tasks with a high degree of 

autonomy. 

 
The role of these robots of the future could be improved by embedding them into emerging IT 

environments characterized by a growing spread of ubiquitous and cloud computing, 

communications and of ad-hoc networks of sensors forming what has been termed “ambient 

intelligence”. 

 

 

 Selected Examples 

 

In the following some examples are described and shortly discussed which will be used in the 

very near future in industry or in daily life of humans. 

 

Dual arm robots 

 
Dual arm industrial robots are known since more than 5 years. They have usually only an upper 

body with two arms and a gripping unit. Because of their 60 – 70 degrees of freedom (DOF`s) 

industrial applications are for complex handling and assembly tasks. 

  

One “cost oriented” example is Baxter an industrial android (humanoid robot) that can work right 

next to line employees on the factory floor, often working on highly repetitive tasks such as 

precision packing. 

 Learns easily: No teach box is needed. Nontechnical users can physically guide Baxter 

through the motions that they want it to perform. 

 Versatility: Can perform a wide range of simple tasks. 

 No programming required: No need to hire third-party application developers. 

 Adaptability: Can adapt automatically to changes in the work environment. 

 Safety: Users do not need to deploy protective cages. 

 Interchangeable end effectors: Choice of tools that can be easily swapped at the end of 

either arm. 

 

Cooperative robots 

 
Robots can accomplish different tasks in different environments, tasks that are tedious, difficult 

or even impossible for a human operator. If several robots are combined in order to create a multi- 

robot system, the range of tasks they can perform increases even more, as these systems can carry 

out actions that no single robot could since they are always spatially limited, no matter how 

capable they are. 

 

http://whatis.techtarget.com/definition/teach-box
http://searchsoftwarequality.techtarget.com/definition/application
http://whatis.techtarget.com/definition/end-effector
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A multi-robot system is a distributed system that consists of a collection of autonomous robots, 

connected through a network and distribution middleware which enables them to coordinate their 

activities and to share the resources of the system so that user perceives the system as a single, 

integrated computing facility. Nevertheless, multiple robot systems are different from any other 

distributed systems because of their implicit “real world” 

environment, which is more difficult to model.  

 

Collaborative robots – COBOTS  

 
 In order to perform collaborative tasks Cobots are designed to be safe around humans (using 

sensors, force limiting and rounder geometries than traditional robots), to be lightweight (for 

them to be moved from task to task) and to be easy to implement and use without skills in 

programming. Above all, a collaborative robot is not a replacement robot; it assists workers rather 

than replaces them. 

 
As detailed by the international ISO10218 standard, robots can have four types of collaborative 

features. These are Safety Monitored Stop, Hand Guiding, Speed and Separation Monitoring and 

Power and Force Limiting. 

 

Safety Monitored Stop is implemented in environments where the robots operate mostly alone, 

with occasional human interference. The feature will cause the robot to pause (though not 

shutdown) when the safety zone is violated (i.e. a human enters its workspace). 

 

The speed and separation monitoring feature is an extension of Safety Monitored Stop. Instead 

of adopting a single behavior throughout the robot’s entire workspace, the latter is gradated into 

several safety zones. 

Hand Guiding enables the robot to move while the worker is in its workspace (as is possible with 

Speed and Separation Monitoring). Using an end-of-arm device capable of detecting applied 

forces, the robot can be guided by a worker for hand guiding and rapid path teaching. 

 

Power and Force Limiting feature is probably the safest of them all as these type of robots are 

purposefully designed to operate around humans rather than adapted to do so. As the name 

suggests, the forces and energy applied to a human are limited so as to avoid any inflicted harm. 

 

Driverless mobile robots 

 
Delivery robots are mobile robots that are capable of locomotion. „they have the ability to move 

around  the environment and are not fixed to one physical location. Mobile robots can be 

"autonomous" (AMR - autonomous mobile robot) which means they are capable of navigating 

an uncontrolled environment without the need for physical or electro-mechanical guidance 

devices. Alternatively, mobile robots can rely on guidance devices that allow them to travel a 

pre-defined navigation route in relatively controlled space (AGV) - autonomous guided vehicle). 

By contrast, industrial robots are usually more-or-less stationary, consisting of a jointed arm 

(multi-linked manipulator) and gripper assembly (or end effector), attached to a fixed surface.” 

 

Flying Robots 

 
An unmanned aerial vehicle (UAV), especially drones are aircrafts without a human pilot aboard. 

Besides these two names they are RPAS (remote piloted aircraft systems) and model aircraft. The 

term “drone” seems to be more common for military use whereas “UAV” is more common for 

hobby use. 
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Drones are controlled by autonomously onboard computers or by from a remote control of a pilot 

on the ground or in another vehicle. They can carry a lethal or nonlethal payload. 

The purpose of this device is to replace the human and to do the uncomfortable, 

risky or unpleasant jobs Drones are often preferred for missions that are too "dirty 

or dangerous” for manned aircraft. 
 

Snake Robots 

 

Snake robots, also known as hyper redundant mechanisms, use their many degrees of freedom to 

achieve locomotion. They vary a lot in their form and dimensions. They can be four stories long 

or small enough to move around the organs inside humans. Some important characteristics of 

snake-bots are their small cross section to  

length ratio which allows them to move through tight spaces and second being their ability to 

transform their body shape to perform different behaviors such as climbing staircases or trees. 

 

Snake robots are manufactured by chaining a number of individual links. This trait helps them to 

avoid failure and emulates their real life counterpart as the snake-bot can continue to function 

even though some parts of its body are ruined. 

 

Their ability to maneuver a variety of terrain types, redundancy and also their ability to complete 

seal of their  

bodies are some of their main features. Snake-bots unique characteristics give them an advantage 

in maneuvering the environment. Snake-bots are in development to assist in search and rescue 

operations. Whenever there are a number of hindrances and obstructions in the environment that 

need to be overcome, the locomotive flexibility of snake-bots make them highly reliable for such 

a scenario. 

 

 

Summary and outlook 

 

After a short introduction the necessary basic ideas of production 4.0 are presented. The role of 

robots in form of cooperative robots (Multi- agent systems) is shortly outlined. One of the main 

goals of production 4.0 is to create “Smart Factories”.  They beginning to appear and employ a 

completely new approach to production. Smart Factories allow individual customer requirements 

and the dynamic business and engineering processes enable last-minute changes to production. 

 

Clearly this new automation philosophy requires highly cooperative industrial, mobile and 

probably in the future humanoid robots – a so called multi-robot system. For this cooperative and 

collaborative robots are necessary. These are shortly described as well as some others used or 

probably will be used in the future not only in agile manufacturing. 

Open questions are social and ethical aspects of these production philosophies.    

 

 

 Reference 

 

7. Kopacek, P. (2017): Unpublished lecture material. TU Wien/IHRT 



25 

 

 

State Feedback of Complex Systems Using Fuzzy 
Cognitive Maps 

Mpelogianni Vassiliki1,Ioannis Arvanitakis2 and Peter P. Groumpos3 

1,2,3 Department of Electrical and Computer Engineering, University of Patras, Rion 

26500, Greece 

v.mpelogianni@ece.upatras.gr 

Abstract. Complex systems have become a research area with increasing interest over the last 

years. The emergence of new technologies, the increase in computational power with reduced 

resources and cost, the integration of the physical world with computer based systems has created 

the possibility of significantly improving the quality of life of humans. While a significant degree 

of automation within these systems exists and has been provided in the past decade with examples 

of the smart homes and energy efficient buildings, a paradigm shift towards autonomy has been 

noted. The need for autonomy requires the extraction of a model; while a strict mathematical 

formulation usually exists for the individual subsystems, finding a complete mathematical 

formulation for the complex systems is a near impossible task to accomplish. For this reason, 

methods such as the Fuzzy Cognitive Maps (FCM) have emerged that are able to provide with a 

description of the complex system. The system description results from empirical observations 

made from experts in the related subject – integration of expert’s knowledge – that provide the 

required cause-effect relations between the interacting components that the FCM needs in order 

to be formulated. Learning methods are employed that are able to improve the formulated model 

based on measurements from the actual system. The FCM method, that is able to inherently 

integrate uncertainties, is able to provide an adequate model for the study of a complex system. 

With the required system model, the next step towards the development of a autonomous systems 

is the creation of a control scheme. While FCM can provide with a system model, the system 

representation proves inadequate to be utilized to design classic model based controllers that 

require a state space or frequency domain representation. In state space representation, the state 

vector contains the variables of the system that can describe enough about the system to 

determine its future behavior in absence of external variables. Thus, within the components – the 

nodes of the FCM, ideally those can be identified that constitute the state vector of the system. 

In this work the authors propose the creation of a state feedback control law of complex systems 

via Fuzzy Cognitive Maps. Given the FCM representation of a system, initially the components-

states of the system are identified. Given the identified states, a FCM representation of the 

controller occurs where the controller parameters are the weights of the cause-effect relations of 

the system. The FCM of the system then is augmented with the FCM of the controller. An 

example of the proposed methodology is given via the use of the cartpendulum system, a common 

benchmark system for testing the efficiency of control systems. 

s 

Keywords: complex dynamic systems, feedback control, fuzzy cognitive maps 

 

Complex Systems 

"Complex Systems" is the new approach to science studying how relationships between parts 

give rise to the collective behaviors of a system, and how the system interacts andforms 

relationships with its environment. Social systems formed (in part) out of relationships between 

people, the brain formed out of neurons, molecules formed out of atoms, the weather formed out 
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of air flows are all examples of complex systems. Studying complex systems cuts across all of 

science, as well as engineering, management, and medicine. It is also relevant to art, history, 

literature and other humanities. It focuses on certain questions about relationships and how they 

make parts into wholes. These questions arerelevant to all systems that we care about. There are 

three interrelated approaches to the modern study of complex systems: [1] 

(1) How interactions give rise to patterns of behavior; meaning the patterns that emerge 

from the interactions that exist between the systems components 

(2) The space of possibilities of describing a system; regarding on one hand its complexity 

and on the other hand the observer how undertakes the task to describe a system 

(3) The formation of complex systems through pattern formation and evolution; apart from 

the patterns that exist between the components of a system there is also the way a system 

evolves through time and the ways such an evolution can change the way it operates and 

ultimately its description. 

However, the common question with complex systems is not only how we can study them but 

also how we can control them. 

 

 

State Feedback Control Method 

A common methodology of mathematically describing a complex dynamic system is the state 

space representation. For discrete linear time-invariant systems the standard state space approach 

goes as follows: 

𝑥𝑘+1 = 𝐴𝑥𝑘 + 𝐵𝑢𝑘 

     (1) 

𝑦𝑘 = 𝐶𝑥𝑘 + 𝐷𝑢𝑘 
 

Where x is the vector of state variables, u is the input vector, y is the output vector, A is the 

system matrix, B in the input matrix, C is the output matrix and D is the fed forward matrix. 

In order to design a control methodology for such a system one of the most common 

methodologies is the state feedback methodology. State feedback (FSF), or pole placement, is a 

method employed in feedback control system theory to place the closed-loop poles of a plant in 

pre-determined locations in the s-plane[2]. Placing poles is desirable because the location of the 

poles corresponds directly to the eigenvalues of the system (matrix A), which control the 

characteristics of the response of the system. Given the representation of a system from Eq.1 then 

the poles of the system transfer function are the roots of the characteristic equation given by 

 
|𝑠𝐼 − 𝐴| = 0 

Full state feedback is utilized by commanding the input vector u. Consider an input proportional 

to the state vector 

u=-Kx 

Then the state feedback of a system can be described from the following figure. 

 

https://en.wikipedia.org/wiki/Feedback
https://en.wikipedia.org/wiki/Closed-loop_pole
https://en.wikipedia.org/wiki/Plant_(control_theory)
https://en.wikipedia.org/wiki/Eigenvalue
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Figure 3: State feedback control scheme 

There are many methodologies of computing vector K. In this paper we will study the possibility 

of calculating the values of the feedback controller from a fuzzy cognitive map. 

 

 

Fuzzy Cognitive Maps for Modelling Complex Systems 

 

Fuzzy Cognitive Maps (FCM) constitute a computational methodology that can examine 

situations during which the human thinking process involves fuzzy or uncertain descriptions. A 

FCM presents a graphical representation through a signed directed graph with feedback 

consisting of nodes and weighted arcs [3]. The nodes of the graph stand for concepts that are used 

to describe, via cause and effect, the relations and behavior of a system in a simple and symbolic 

way. They are connected by signed and weighted arcs which represent the causal relationships 

that exist between the concepts (Fig. 1). Each concept, Ci (variable), is characterized by a number 

that represents its value and is calculated through the transformation of a fuzzy value to the 

interval [0,1]. The values of the interconnections', weights, are initially linguistically defined by 

experts and then transformed into values which belong to the interval [-1,1] through a specially 

designed algorithm [4]. In this way FCMs embody the accumulated knowledge and experience 

from experts who know how the system behaves in different circumstances. 

 

 
Figure 4: Fuzzy Cognitive Map 

The sign of each weight represents the type of influence between concepts. There are three types 

of interconnections between two concepts Ci and Cj: 

 Wij>0, an increase or decrease in Ci causes the same result in concept Cj. 
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 Wij<0, an increase or decrease in Ci causes the opposite result in Cj 

 Wij=0, there is no interaction between concepts Ci and Cj 

 

The degree of influence between the two concepts is indicated by the absolute value of Wij 

During the simulation, the value of each concept (Ai) is calculated using the following rule: 

 

𝐴𝑖(𝑘 + 1) = 𝑓(𝐴𝑖(𝑘) + ∑ 𝐴𝑗(𝑘)𝑤𝑗𝑖)       (2)

𝑛

𝑗=1,𝑗≠1

 

Where k represents the iteration step, n is the number of concepts and f is the sigmoid function 

given by the following equation: 
1

1 + 𝑒−𝜆𝑥
      (3) 

 

Where λ>0 determines the steepness of function f. 

 

The FCMs' concepts are given some initial values. Then the values of the concepts are calculated 

using Equation 1. This iterative process ends when a steady state is achieved; the concepts' values 

converge to a single value [5]-[7]. 

 

 

Fuzzy Cognitive Maps as a Control Design Methodology 

 

Complex processes are characterized by high dimension, comprisedof subsystems that are 

strongly interconnected and mutually dependent.For suchsystems soft computing modeling 

techniques are proposed toaddress uncertainty issues. A large number of complex processesare 

not well understood and their operation is “tuned” by experiencerather than through the 

application of pure mathematic principles. Our goal is to be able to combine experience with 

mathematic principles in order to effectively and efficiently control complex systems. For this 

reason, we propose to use a Fuzzy Cognitive Map to calculate the weights of the vector K of a 

feedback controller. To make this possible we have to design a FCM with input concepts the 

states of the system and output concepts the inputs of the system. Through learning processes the 

weights of the FCM will be adjusted to give the correct cause and effect relationships between 

the concepts. These weights will then be translated into the values of K matrix of the feedback 

controller. In the following figure there is an overview of the proposed system.  

 



29 

 

 
 

Figure 5:State Feedback Control with 

 

Closing Remarks 

 

Today’s systems are complex and they are usually comprised of a large number of interacting 

and coupling entities that are called subsystems and/or components. These systems have 

nonlinear behavior and cannot simply be derived from summation of analyzed individual 

component behavior. In the case of complex dynamical systems, conventional modeling and 

controlling methods have a limited contribution. The modeling of complex systems requires new 

methods that can utilize the existing knowledge and human experience. Furthermore, these 

methods are equipped with sophisticated characteristics such as failure detection, optimization 

and identification qualities. Such a method is the soft computing methodology of fuzzy cognitive 

map (FCM) which has been improved and enhanced using a new construction algorithm, and is 

implemented for modeling complex systems. However, today’s FCM theories have a good 

number of drawbacks. 

In addition, FCM have not been used for controlling complex dynamic systems. There are almost 

no studies investigating feedback control of complex dynamic systems using FCM. This paper is 

probably the first attempt to address this very challenging and critical issue.  For the first time a 

control design methodology for  

complex dynamic systems have been proposed here. Early simulation studies show that the 

proposed methodology is very promising. These results have not been yet examined and verified 

as the state feedback problem requires. Soon these results will be verified and will be presented 

on next year’s conferences. We hope to present these results at next conference of UBT in Durres 

in 2018. 
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Abstract: Environmental pollution has a direct or indirect effect, and is mainly caused by human 

activity or environmental processes that have harmful effects in the environment and human life. 

In Kosovo the air pollution in Kosovo is quite evident in the industrial areas. The power plant of 

KEK (TCA and TCB), from the Cement Factory and ferronickel etc. In the vast majority of cases, 

the pollution is caused by the emission of sulfur dioxide (SO2), azotes (NOx), ozone, lead and 

other heavy metals, such as carbon monoxide (CO), dust, PM10,PM2,5 and steamy organic 

components. The aim of this inquiry is to study the air pollution in urban and industrial areas and 

to take further measures for estimation of air emissions. This scientific paper will with analyze 

the effect of ferronickel in environment and the facilities in Kosovo Energetic Corporation as the 

main cause air pollution in urban areas. Based on the arguments provided from this study it is 

concluded that the main pollutants in urban and industrial areas are the power plants (Kosova A 

and Kosova B). industrial complex of Mitrovica, the circulation of cars in urban areas, 

Ferronickel in Drenas, the Cement Factory Sharcem of Han iElezit. The process of monitoring 

the air quality it is conducted by the Hydro-Meteorogical Institute and some of the economic 

operators such as Ferronickel and KEK. 

 

Key words: monitoring air quality, air pollution, urban and industrial areas 

 

 

Introduction 

In Kosovo, the quality of air is damaged in developed urban areas and especially in industrial 

areas. In Kosovo, the greatest impact on the environment is caused by KEK power plants (TCA 

and TCB), Feronikeli, Sharrcemi, other plants with small capacity and heating system. A great 

concern for environmental pollution is also inherited industrial waste and urban waste dump, etc. 

The most influential areas in the environment are the areas where the thermo-energy and 

metallurgical as well; Obiliq, Drenas, Mitrovica, Pristina, Hani i Elezit 

Today, the industry in the country is mostly polluted by sulfur dioxide (SO2) emissions, nitrogen 

oxides (NOx), ozone (O3), lead (Pb), carbon dioxide (CO2), dust, smoke, particles PM10, PM2.5, 

volatile organic compounds VOCs) and dioxins. 

In fossil fuel facilities, mainly fossil fuels are used, such as coal and high sulfur compound oil 

derivatives. The transport sector is characterized by a large number of outdated vehicles and the 

use of low quality fuels (in most cases). In addition, the industry sector in most cases uses old 

equipment. The agriculture sector contributes to air pollution mainly through the burning of 

biomass. Areas where their waste and uncontrolled burns are thrown out represents a serious 

source of air pollution. 

In addition, the sources of pollutant emissions in the air comes from all industrial and commercial 

categories, other activities, motor vehicles and also sources from biogenic vegetation emissions. 

In Kosovo, the quality of air is damaged in the developed urban areas, especially in industrial 

areas. The greatest impact on the environment is caused by KEK's thermal power plants (TCA 
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and TCB), industries (metallurgy, mines, cement factories, etc.) and small ones, but pollution is 

also caused by individual heating facilities. Mitrovica is also counted among the major sources 

of pollution basen on the consequences of industrial waste left over from the Trepça complex,. 

 

 

Material and methods 

 

The measurements were made at the automatic air quality monitoring station located at the IHMK 

site, which is equipped with automatic analyzers of sulfur dioxide (SO2), nitrogen oxides (NOx), 

carbon monoxide (CO ), ozone (O3), suspended particulate analyzer PM10 / PM2.5 (with 

fractionator for PM10 and PM2.5, depending on which faction is placed to be monitored). While 

the data for the city of Drenas were taken from the air monitoring station in Drenas. 

The purpose of  this study is to present the data on atmospheric pollution in the cities of Pristina 

and Drenas and the factors that influence the environmental pollution. These parameters have 

been measured: sulfur dioxide (SO2), nitrogen oxides (NOx), carbon monoxide (CO). 

 

 

Results and discussions 

Assessment of NO2 pollution Nitrogen dioxide (NO2) as well as Sulfur dioxide (SO2) are an 

integral part of smog and causes of acid rain. They are generated by combustion of coal, oil and 

its derivatives. Each of them penetrates very easily into the human body and can cause lung 

disease, and increase the likelihood of viruses, as well as irritation of eyes or skin. The presence 

of NO2 in urban areas is mainly due to the increase in road and rail transport. 

The table below shows the average annual NO2 concentration values against the allowed average 

annual value. 
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Assessment of air pollution by sulfur dioxide (SO2) 

Sulfur dioxide is released from burning fossil fuels (industry, households, transport). Sulfur 

dioxide causes acidification of soils, streams and lakes and affects damage to construction 

materials, including cultural heritage. 
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Air Pollution Assessment by Carbon Monoxide CO 

The main sources of CO air pollution are: Vehicles (as the largest CO emission), fuel burning 

(coal burning, liquid fuels, natural gas and wood) Industrial processes (refineries, furnaces, paper 

factories and facilities for the production of construction materials). 

The high concentration of CO can provoke many pathological changes in people (in the blood, 

nerves, sight, etc.) and can cause death. Data have shown that CO concentration in the air between 

7.8 ppm- 13.9ppm increases the number of deaths by heart attack. 
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Suspended PM 10 particles (μg / m3) 

PM particles are particles found in the air that include dust, soot, smoke, and liquid droplets. 

Particles can stick to the air for long periods of time. Some particles are large that can be seen 

through the eyes like soot, dust or smoke. Others are so small that  can only be detected with an 

electronic microscope. 

Many artificial sources (operator, industry, transportation, etc.) and natural emits PM directly to 

the environment or emit other pollutants that react to the atmosphere to form PM. These solid 

and liquid particles come in a wide range of sizes 
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Conclusions 

The rapid economic and social changes in our country after the 1999s were accompanied by 

significant changes in the structure of air pollution and pollution sources. In most cases, pollution 

occurs in the form of sulfur dioxide (SO2) emissions, nitrogen oxides (NOx), ozone (O3), lead 

(Pb) and other heavy metals, carbon monoxide (CO), dust, smoke, particulate matter PM10, 

PM2.5, volatile organic compounds (KOA / VOCs), dioxins, etc. 

The annual average (μg / m3) of NO2 in both cities , both in urban and suburban communities, 

is below the annual limit value (40μg / m3). 

The concentration of SO2 in the air in both the ports of Drenas and Pristina is within given  

standards  by the Directive 2008/50 / EC on air quality. At the monitoring station in Drenas in 

the monitoring period during 2011, the concentration of SO2 is higher compared to the SO2 

concentration at the monitoring station in Pristina during the same year. 
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Improving efficiency, reduction pollution and CO2 

emission from Power Plant Kosovo 
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Abstract. Earth’s atmosphere is composed of a variety of chemical compounds that act as 

greenhouse gases. Carbon dioxide (CO2) is of primary concern due to growing global emissions 

in recent history. Since the expansion of coal use during the industrial revolution and the 

expansion of petroleum use during the 20th century, CO2 emissions have risen steadily. The 

protection lack of environment during the last 16 years,(especially earlier in history) as well as 

the conflict in Kosova has the origin of huge problems regarding present environmental situation 

in  Kosova. The most important emissions to air from the combustion of fossil fuels are SO2, 

NOx, particulate matter (PM), heavy metals and greenhouse gases such as CO2. The problem 

with dust emissions is serious and apparently cannot be solved without major redesign of the 

boilers. Ash from the both power plants is currently transported by open belt conveyors and is 

deposited at dumpsites. No environmental protection measures in the dumpsites are taken to 

prevent ash spreading by wind. 

 

Keywords: Atmosphere pollution, reduction of pollution and CO2 emission 

 

 

Introduction 

 In recent years, global warming has been a major issue due to continuous growth of greenhouse 

gas emissions from different sources. It has been estimated that the global temperature will rise 

between 1.4 –5.8 °C by the year 2100 (Williams, 2002). The contributors to greenhouse effects 

are carbon dioxide (CO2), chlorofluorocarbons (CFCs), methane (CH4), and nitrous oxide (N2O). 

The contribution of each gas to the greenhouse effects is CO2- 55%, CFCs - 24%, CH4 - 15%, 

and N2O - 6% (Demirbas, 2008). Carbon dioxide (CO2), a major greenhouse gas which is mainly 

blamed for global warming occupies a large volume of the total emissions. Figure 1 shows the 

trend of CO2 emissions over the years (Demirbas, 2005). 



40 

 

 
Fig. 1. World CO2 emissions between 1990 and 2025 

 

Different industrial processes such as power plants, oil refineries, fertiliser, cement and steel 

plants are the main contributors of CO2 emissions. Fossil fuels such as coal, oil and natural gas 

are the main energy sources of power generation and will continue to generate power due to the 

large reserves and affordability. It is expected that coal utilisation in power generation will 

continue to increase in this century too. Demirbas (2005) reported that about 98% of CO2 

emissions result from fossil fuel combustion, and 30%–40% of world CO2 emissions are 

generated by coal combustion among all the fossil fuels. The coal fired power plants generate the 

majority of the electricity and produce the highest rate of CO2 per kilowatt hour (Department of 

Energy and Environmental Protection Agency, Washington DC, 2000). 

About 46% of the world’s power generation is estimated to be from coal combustion, including 

50%, 89% and 81% of the electricity generated in the United States, China and India respectively 

(Parker et. al., 2008). It is estimated that combustion of coal for power generation will be 

responsible for about 41% of the world’s CO2 emissions by 2025. 

 

 

The coal fired power plant 

Electricity can be produced by various sources such as fossil fuels, nuclear fission, renewable 

sources etc. Figure 2 shows a typical schematic diagram of electricity production from burning 

coal. A typical pulverized coal (PC) combustion power plant is equipped with three units, boiler 

block, generator block and flue gas clean up block. The boiler block is the main unit where coal 

is burned with air to generate high pressure steam; the generator block contains the steam 

turbine/electric generator set, condenser and cooling water; and the third block is the flue gas 

clean-up unit which removes particulate matter (PM) and other pollutants from the flue gas to 

control emissions.` 
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Fig. 2. Diagram of electricity generation from coal (World Coal Institute, 2010) 

 

 

Carbon dioxide capture   

 Post-combustion capture 

 

CO2 can be captured from the flue gas of a combustion process. This can be flue gas coming from 

any (pressurized) combustion in a boiler, gas turbine or industrial process yielding CO2. Various 

capture mechanisms, or combinations of them, can be applied, being: phase separation, selective 

permeability and sorption. The last mechanism, sorption, is the most widely suggested 

mechanism to be used at large point sources. This mechanism encompasses chemical or physical 

absorption and also adsorption. In the CO2 capture processes based on this mechanism a sorption 

medium, or a sorbent, is used. When these sorbents are in solution they are called solvents. The 

current research, development and demonstration (RD&D) focus is on using chemical and 

physical solvents to separate the CO2 from the gas stream. Retrofitting existing power plants with 

CO2 capture will highly likely be done with a chemical absorption based post-combustion capture 

technology. 

 

 

CHANGE IN KEY ATMOSPHERIC EMISSIONS DUE TO CO2 

CAPTURE 

Key direct atmospheric emissions of specific interest for biomass and coal fired concepts are 

CO2, NOx, NH3, SO2, HCl, HF, VOC, PM, Hg, Cd, and other heavy metals. For gas fired 

concepts CO2 and NOx are the most dominant atmospheric emissions. Equipping power plants 

with CO2 capture technologies affects both the formation and fate of many of these emissions. 

We limited our study to three main  

capture systems for the removal of CO2 : post-combustion, pre-combustion and oxyfuel 

combustion. The chemical absorption technologies that we reviewed in detail include 

technologies using alkanolamines, such as monoethanolamine (MEA), and MHI’s KS-1 solvent. 

Other technologies reviewed are based on absorption using chilled ammonia (NH3), alkali salts 

(i.e. potassium carbonate -K2CO3) and amino salts. The post-combustion system can be applied 

to various energy conversion technologies. In this study we focus on its application to Pulverized 

Coal (PC), Natural Gas Combined Cycle (NGCC) and Pressurized Fluidized Bed Combustion 
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(PFBC) power plants. The energy conversion technology that is envisaged using pre-combustion 

that is mainly investigated in this study is the Integrated Gasification Combined Cycle (IGCC) 

power plant. The energy conversion technologies using oxyfuel combustion that have been 

reviewed in this study more extensively are rather conventional PC and NGCC power plants. 

Advanced technologies briefly touched here include, for instance, chemical looping combustion. 

A summary of emission factors for key atmospheric emissions reported in literature for these 

technologies is presented in Fig. 2. The main effects of CO2 capture on atmospheric emissions 

are summarized below for the key atmospheric emissions. 

 

Carbon dioxide 

 

CO2 emissions predominantly depend on the type of fuel, on the efficiency of the energy 

conversion and of the removal efficiency of CO2. The removal efficiency for the oxyfuel 

combustion concept is found to be the highest on average (95-98%), yielding the lowest CO2 

emissions for the gas fired conversion technologies (0-60 g/kWh). Post- and pre-combustion 

show about equal removal efficiencies of 87-90% and 89-95%, respectively. The typically higher 

conversion efficiency for gasification or reforming results however in typically lower net CO2 

emissions for the pre-combustion concepts (21-97 g/kWh) compared to the postcombustion 

concepts (55-143 g/kWh). Often no distinction is made in the consulted literature between various 

sizes8 of emitted particulate matter in emission reporting. In this review, therefore also no 

distinction could be made between size fractions. The high variance for post-combustion capture 

technologies for solid fuel fired power plants stands out in Fig. 2. An increase in emission per 

MJ primary is never assumed. Together with the energy penalty due to CO2 capture, PM 

emissions may however increase per kWh. The low particulate matter emissions found for the 

oxyfuel combustion technology are partly due to the enhanced removal efficiency of the ESP that 

is possible during oxyfuel combustion. Particulates may also be partially co-injected with the 

CO2 stream. Another possibility is that particulates are vented from the CO2 treatment section. 

Yet another option is that PM is removed with the condensate stream that is formed when SO2 

and NOx are removed as sulphuric and nitric acid, as mentioned earlier. All together, PM 

emissions are estimated to be very low. IGCC power plants are assumed to have lower PM 

emission factors compared to other conversion technologies and types of power plants.  

Life Cycle Assessment (LCA) is today one of the most used tools for evaluating the potential 

environmental impact of products and materials. LCA is a technique for assessing the 

environmental aspects and potential impacts associated with inputs and outputs of a product 

system. In the case of CCS, a full LCA includes the production of the fuel carrier (e.g., mining 

of coal), fuel transport, power production, CO2 capture, CO2 transport and CO2 storage. 

 

 

 CO2 equivalent emissions 

The main goal of CCS is to reduce CO2 emissions and consequently, Global Warming Potential 

(GWP). For pulverized coal-fired power plants with post-combustion capture technology using 

MEA a range in GWP over the life cycle of 79-275 gCO2eq/kWh is reported (range for PC 

without CCS is in the range 690 to 1100 gCO2eq/kWh). Where PCs without CCS have a share 

of power plant operation in life cycle GWP of about 80-95%, installing CO2 capture decreases 

this share to about 43-60%. Thus, the deployment of CCS results in a pronounce increase in the 

share of indirect CO2eq. emissions in the complete life cycle15. In the case of IGCCs with pre-

combustion CO2 capture, GWP values reported are in the range 110 to 181 gCO2eq/kWh (the 

range for IGCCs without CCS is 666 to 870 gCO2eq/kWh). Lignite-fired IGCCs with CCS have 

almost 20% less absolute emissions compared to hard coal-fired IGCCs with CCS. Installing 
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CCS results in a reduction of about 82 to 87% for lignite-fired IGCCs with CCS relative to IGCCs 

without CCS, while for hard coal-fired IGCCs the relative differences are in the range of 69 to 

81%. Interestingly, hard coal-fired power plants with CCS technology are reported as having 

between 20% (IGCC with CCS) and 30% (PC with CCS) more GHG emissions than similar 

lignite-fired power plants with CCS, while without CCS technology the hard coal-fired power 

plants have about 10% lower emissions than lignite-fired power plants.  

 

 Particulate matter 

 

PM10 emissions reported for the life cycle of PC power plants with post-combustion using MEA 

range between 0.013 and 0.434 gPM10/kWh while PM2.5 for the same type of plants are reported 

between 0.05 to 0.07 gPM2.5/kWh. PC plants without CCS report PM10 in the range 0.009 to 0.35 

gPM10/kWh and PM2.5 in the range 0.009 to 0.35 gPM10/kWh. Contrary to the results found for 

GWP, no clear difference is reported for hard coal-fired and lignitefired power plants. Only two 

studies (Viebahn, Nitsch et al. 2007;RECCS 2008) report the contribution of the different part of 

the CCS chains. In these studies, the contribution of the PC plant with CO2 capture is estimated 

at 33% and 45%, which is lower than the estimated contribution of a similar PC plant without 

CCS (60% and 65%, respectively). 

The amount of studies reporting PM emissions for other CO2 capture technologies is limited. The 

value is lower than those reported for PCs due to the high removal of PM in the syngas (to avoid 

detrimental effects in the turbine). NEEDS (2009) reports PM values for NGCCs equipped with 

MEA based postcombustion technology in the order of 0.005-0.006 gPM10/kWh and 0.009-0.010 

gPM2.5/kWh (the values for a NGCC without CCS are in the range of 0.003-0.012 gPM10/kWh 

and 0.007- 0.008 gPM2.5/kWh). 

In this case, PM emissions are mainly associated with NOx emissions (which are PM precursors) 

from the power plant and the winning of natural gas. Values for oxyfuel power plants with CO2 

capture are also reported by NEEDs (2009). For PM10 the range reported is 0.012 to 0.025 

gPM10/kWh while for PM2.5 this is 0.07 to 0.36 gPM2.5/kWh. 

Based on the available literature Låg et al. (2009) suggested exposure guidelines for four amines; 

particularly for AMP and MDEA there are few high quality studies. The guidelines presented are 

therefore just indicative. The uncertainty factors were chosen in accordance with EU guidelines. 

Based on inhalation exposure risk, the general population, over time, should not be exposed to 

levels in the air higher than: 

 

- MEA: 10 μg/m3 

- AMP: 6 μg/m3 

- MDEA: 120 μg/m3 

- Piperazine: 5 μg/m3 

 

 

Finally, it has been stated that it is highly relevant to know which precise amine is used in CCS, 

because each individual amine has different effects and potential risks. Furthermore, use of more 

than one amine infers that the exposure guidelines should be evaluated again, since amines seem 

to  

have similar adverse effects and might therefore also show additive or synergistic effects. 

 

CONCLUSIONS AND WAY FORWARD 

Depending on the applied CO2 capture technology, trade-offs and synergies can be expected for 

key atmospheric emissions, being: NOx, SO2, NH3, particulate matter, Hg, HF and HCl. For all 
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three (pre-, post- and oxyfuel combustion) capture systems it was found that SO2, NOx and PM 

emissions are expected to be reduced or remain equal per unit of primary energy input compared 

to power plants without CO2 capture. Increase in primary energy input as a result of the energy 

penalty for CO2 capture may for some technologies and substances result in a net increase of 

emissions per kWh output. The largest increase is found for the emission of NOx 

and NH3 when equipping power plants with post-combustion capture. A decrease is expected for 

SO2 emissions, which are low for all power plants with CO2 capture. Additional research 

(measurements and modelling) and regulatory efforts (norm setting) are required to cope with 

‘new’ emissions from predominantly post-combustion CO2 capture technologies. Laboratory and 

field experiments are necessary to obtain more precision in the estimates of emission levels, as 

little information exists in open literature. It is recommended to focus research on the 

determination of atmospheric degradation paths, precise degradation yields, and degradation 

products’ lifetime in the atmosphere. Development of models is necessary to quantify the mass 

fluxes and chemical interactions, and finally to integrate them in a dispersion model to quantify 

the load and possible environmental consequences. We recommend to set up extensive 

environmental monitoring programmes at currently planned CO2 capture (demonstration) plants 

aimed at creating a better understanding of the formation and fate of solid, liquid and atmospheric 

pollutants. 
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Abstract: The requirements of the EU directives for the renewable energy market, in particular 

wind turbines, enable sustainable development to meet the requirements for electricity 

generation. Global changes and environmental disasters resulting from industrial pollution do not 

allow a sustainable development of alternative natural resource exploitation. Balkan states and 

Kosovo are obliged to increase energy efficiency, to increase the discipline related to flow of 

fossil fuel emissions, which means less CO2 and greenhouse gases, and to advance the renewable 

energies by 20% up to 2020.Wind generation turbines are used to transform energy from a 

rotational mechanical action to generate electricity. Wind speed is the main parameter of which 

is shifting in the design of wind turbines that will be located in each geographic position in the 

country, the number of turbines to be placed, the location and spatial distribution in the territory 

of Kosovo. With a new energy strategy, with a near future orientation, Kosovo could be 

cautiously able to spend 100% of the RES, by following the rapid steps of economic 

development, including the development of the relevant education system in the new fields of 

innovative technologies, within the developmental competences. To reach a description of the 

new energy strategy of Kosovo's energy potential, it would bring economic stability with respect 

to the development of renewable energies related to the geographic factors that have been taken 

into account for the generation of wind energy. 

Keywords: climatic conditions, turbine, geographic position, energy strategy. 

 

 

Introduction 
 

Due to the high dependence of wind speed power (wind energy dependence on cubic speed) 

requires accurate wind measurement in the country. Measurements should be made using 

anemometers that are attached to the poles, approximately at the peak of the axis to which the 

wind turbines will be housed (although in recent years there has been an increase in so-called, 

remote measurements using LIDAR). Usually, continuously, so many columns need to be 

erected in the country for a period of at least six months, and it is recommended that 

measurements take place for some years. 

Due to the high wind energy dependence, the measurements should be performed using the 

anemometer that is attached to the poles, approximately at the apex of the axis to which the 

wind turbines will be housed. 

Kosovo has launched a comprehensive strategy to meet its energy demand in an 

environmentally sustainable manner: 

• Decommission Kosovo A by 2017 to comply with the Energy Community Treaty to which 

Kosovo is a signatory. 

• Develop the country’s renewable resources. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwiSkcr82YvWAhVE2RoKHYx7CqYQFghcMAI&url=https%3A%2F%2Fwww.facebook.com%2FUniversitetiUBT%2F&usg=AFQjCNHzlSd3nH7ZiBD4eyXlQ5stjBXf3Q
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• Rehabilitate Kosovo B to comply with EU environmental standards. 

• Private Sector investment in new electricity generation capacity. 

- 500 MW and a new lignite mine. 

• Privatize Kosovo’s electricity distribution. 

• Increase Energy Efficiency 

- Energy Efficiency Law approved. 

• Meet Energy Community requirements – regional energy market 

- Kosovo has ratified the Energy Community Treaty and transposed EU’s energy acquis 

as required under the Treaty into its national legislation [1-2]. 

 

Generation of Electricity from TPP 

 

Electricity generation in Kosovo is mainly dominated by lignite-fired power plants “Kosovo A 

and B”. These two power plants have a nominal capacity of 1,478 MW. But, because of their age, 

in particular the TPP “Kosovo A”, the available capacity of these units is much lower than the 

nominal values. Together, the overall available capacity of these plants blocks is around 900 

MW.  

Currently, the power generated from lignite-fired power plants covers about 97% of total 

consumption in Kosovo [2]. 

Apart from TPPs, the generation is also supported by hydropower plants, like that of “Ujmani”, 

and some smaller plants, with a capacity totaling about 50 MW, 98% of electricity generation in 

Kosovo comes from two old, inefficient and highly polluting lignite-fired power plants: Kosovo 

A (445 MW, 40 year old) in poor condition and is the worst single-point source of pollution in 

Europe. Proposed to be shut down. Kosovo B (550 MW, 30 years old) needs rehabilitation to 

meet EU environmental standards. Outages in generation and power shortages hurt households 

and economy. Peak capacity gap (~ 950 MW by 2017 on closure of Kosovo A) [3-4]. 

could be less than 8%). High commercial losses (~ 24%, should be less than 5%). 
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Table 1: Capacity of block of the thermal power plant in MWh 

Blocks of the 

thermal 

power Plant 

Capacity of block of the thermal 

power plant in MWh 

Type of fuel 

Starting year 

of the work ( 

long-standing) 

Installe

d Threshold 

Net 

available 

TC KOSOVO A 

Block A1 65 58 0 

LIGNITE/FI

RED OIL 1962 

Block A2 125 113 0 

LIGNITE/FI

RED OIL 1964(44) 

Block A3 200 182 110-120 

LIGNITE/FI

RED OIL 1970(38) 

Block A4 200 182 110-120 

LIGNITE/FI

RED OIL 1971(38) 

Block A5 200 187 125-130 

LIGNITE/FI

RED OIL 1975(33) 

TC KOSOVO B 

Block B1 339 309 240-260 Lignite – Oil fuel 

1983(2

5) 

Block B2 339 309 200-280 Lignite – Oil fuel 

1984(2

4) 

 

Electricity sector in Kosovo is dominated by thermal production of KEC j.s.c., a vertically 

integrated system, with the exception of the transmission system that is not a part of KEC, with 

the overall effective capacity of 740 - 1000 MW (with an installed capacity of 1878 MW). Most 

of the generating capacity of KEC j.s.c. is in two thermal power plants of – Kosovo A and 

Kosovo B. Technically installed capacities of these two thermal power plants, despite their 

long-standing, approximately is between 24 - 46 years.  
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Two scenarios of the GDP’s rate of growth in [%]  for the period 2009-2018 -  Energy Sector 

Strategy and Legislation in Kosovo 

 

 

The National Development Strategy 2016-2021 adopted by the Government in January 2016 

provides four priority measures for the development of the energy sector:  

1. Build new and sustainable power generation capacities; 

2. Establish an open and competitive energy market;  

3. Decrease energy consumption through energy efficiency 

measures; and  

4. Rational use of renewable energy sources.  

Each of these energy objectives has concrete actions behind them. 

 

The National Development Strategy 2016-2021 was used as a basic reference for the drafting of 

this Energy Strategy. 

Law No. 03/L-184 on Energy. 

Law No. 03/L-185 on the Energy Regulator Law No. 03/L-201 on Electricity. 

Administrative Instruction No. 01/2013 on Renewable Energy Targets. 

Administrative Instruction No. 02/2013 on Use and Support of Energy Generation from 

Renewable Sources. 

Law No. 2003/3 on Forests in Kosovo. 

Law No. 2004/9 on an Amendment to Law No. 2003/3 on Forests in Kosovo. 

Law No. 03/L-153 on Amending and Supplementing the Law No. 2003/3 on Forests in 

Kosovo. 

The Government of Kosovo is committed to implement all obligations from the Energy 

Community Treaty (ECT) and the Stabilization and Association Agreement (SAA) related to 

the creation of a free and competitive energy market. Creation of a common energy trading 
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zone between Kosovo and Albania, as a first step towards integration in a regional energy 

market, has been selected by the Government of Kosovo as one of the top priorities. 

So far only three small wind turbines are connected to the grid. About 5 years ago these second-

hand turbines were installed in “Golesh” with a capacity of 1.35 MW, but they are not 

supported by the feed-in tariffs because of old technology used. 

• However, the potential of wind energy in Kosovo has been supported by the Government of 

Kosovo by encouraging private investment in energy from RES. 

• Ministry of Economic Development (MED) has built the legal framework that sets the targets 

of renewable energy; the Energy Regulatory Office (ERO) has built the regulatory framework 

and has determined the feed-in tariffs for RES. 

• The feed-in tariff with which the manufacturer sells power produced from wind farms is 85 

EUR/MWh. The biggest wind energy park in Kosovo 35 MW – first phase of the plan. 

It will help in achieving the targets of the Renewable Energy established by the Ministry of 

Economic Development - 25% by 2020.The project will be a great support, in particular for the 

development of the production and industrial sector[3-4]. 

• Reducing unemployment. 

• Lowering import electricity. 

• Increase security for electricity. 

• Contribute to lowering the carbon footprint on atmosphere and reduce air pollution. 

 

Determination of Wind Location for Power Plants  

 

Due to the high dependence of wind speed power table 1 (wind energy dependence on cubic 

speed) requires accurate wind measurement in the country. 

 

Table 1: Sensitivity to the production of electricity at wind speeds        

 

Wind  

speed 

m/s 

Wind speed in  

normal operation of 

6 m/s 

Energy production of 

10MW Wind Farm 

(Mwh/year)² 

5 83 11.150 

6 100 17.714 

7 117 24.534 

8 133 30.972 

9 150 36.656 

10 167 41.386 

 

Electricity production  

in normal operation 

pre 6 m/s (%) 

Consumption capacity  Of 6 

m/s part 

(%) 

 63 100 

 100 100 

 138 102 

 175 105 

 207 110 

 234 120 
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The wind farm is planned to be implemented in cadastral boundaries of Zborc  figure 2, Lower 

Godanc and Upper Godanc, in a space of about 300 Ha.Usually, continuously, so many columns 

need to be erected in the country for a period of at least six months table 2, and it is recommended 

that measurements take place for some years. 

 
Figure 2: Map of location of Wind Park in Shtimje 

 

Table 2: The results of the wind measurement in monthly increments 

Measurement of wind speeds for each month in Shtimje 
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Meteorology of wind 

 Measurement of wind speeds for each month in Shtimje    
 

The basic driving for ceofai rmovementis a difference in air pressure between two regions. This 

air pressure is described by several physical laws. One of these is Boyle’slaw, which states that 

the product of pressure and volume of a gas at a constant temperature must be a constant, or 

𝑝1𝑉1 = 𝑝2𝑉2. Another law is Charles’law, which states that, for constant pressure, the volume of 

a gas varies directly with absolute temperature. 
𝑉1

𝑇1
=

𝑉2

𝑇2
      (2) 

If a graph of volumeversus temperature I smade from measurements, it will be noticed that 

a zero volume state is predicted at−273.15o Cor0K.Thelaws of Charlesand Boylecanbe 

combined into the ideal gas law. 

 

In this equation, R is the universal gas constant, T is the temperature in Kelvins, Vis the 

volume of gasin m3,n is the number of kilomoles of gas, and p is the pressure in 

Pascals(N/m2). 
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At standard conditions, 0oCand one atmosphere, one kilomole of gas occupies 22.414m3and 

the universal gas constant is 8314.5J/(kmol·K)where J  represents a joule or a newton meter 

of energy. The pressure of one atmosphere at 0oC is the n 

 
(8314.5J/(kmol·K))(273.15K)

22.414 𝑚3
=101.34 Pa     (4) 

 

Thes eregionsare formed by complex mechanisms, which are still not fully understood. 

Solar adiation, surface cooling, humidity, and the rotation of the earth all play important 

roles [3-4].  

pV= nRT      (3) 

 

 

Technology of wind turbine 

 
Wind turbines operate on a simple principle. The energy in the wind turns two or three propeller-

like blades around a rotor figure 3. The rotor is connected to the main shaft, which spins a 

generator to create electricity [5-6].  

 

 
Figure 3: The peripheral parts of the generator 

 

The future of wind turbines technologies 

 

Modern wind turbines are increasingly cost-effective and more reliable, and have scaled up in 

size to multi-megawatt power ratings. Since 1999, the average turbine generating capacity has 

increased, with turbines installed in 2014 averaging 1.9 MW of capacity. WETO research has 

helped facilitate this transition, through the development of longer, lighter rotor blades, taller 
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towers, more reliable drive trains, and performance-optimizing control systems. Over the last two 

decades, the program has worked with the industry to develop a number of prototype 

technologies, many of which have become durable commercial products [7]. 

 

 

The future of wind turbines – no blades 

 
It’s no longer surprising to encounter 100-foot pinwheels spinning in the breeze as you drive 

down the highway. But don’t get too comfortable with that view. A Spanish company called 

Vortex Bladeless is proposing a radical new way to generate wind energy that will once again 

upend what you see outside your car window. Their idea is the Vortex, a bladeless wind turbine 

that looks like a giant rolled joint shooting into the sky. The Vortex has the same goals as 

conventional wind turbines: To turn breezes into kinetic energy that can be used as electricity. 

But it goes about it in an entirely different way. Instead of capturing energy via the circular 

motion of a propeller, the Vortex takes advantage of what’s known as vorticity, an aerodynamic 

effect that produces a pattern of spinning vortices. Vorticity has long been considered the enemy 

of architects and engineers, who actively try to design their way around these whirlpools of wind. 

And for good reason: With enough wind, vorticity can lead to an oscillating motion in structures, 

which, in some cases, like the Tacoma Narrows Bridge, can cause their eventual collapse [8-9]. 

 
Figure 4: The Vortex of wind turbine being developed without any blades. 

 

The standard Wind spire figure 5 is 30-feet tall and 4-feet wide, designed to come in under the 

typical 35-foot height restrictions of local municipalities. Due to the vertical axis design, sound 

levels were tested at 6 decibels above ambient, rendering it virtually inaudible and the 1.2kW 

Wind spire installed at the farm will produce approximately 2000 kilowatt hours per year in 11 

mph average wind [10-13]. 
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Figure 5: Wind spire vertical Axis Turbines 

Quiet Wind Turbines 

The Eco Whisper wind turbine. This sharp-looking little contraption may only have a 20 kW 

generating capacity figure 6, but the company claims that the turbine is "virtually silent". It's also, 

allegedly, more efficient [9-10]. 

 
Figure 6: Quiet Wind Turbines 

 

The company that has design this technology, said the turbine is "virtually silent," thanks to its 

unique design, in which the 30 blades are angled outward from the hub, and surrounded at their 

ends by a ring. This ring, the company says, "prevents air 'spilling' off the tip of the blades," the 

source of much of the noise that traditional turbines produce. The company also lists greater 

efficiency and lower start-up speeds as advantages compared to competitors [13-15]. 

 

 

Conclusions 

 

Wind speed is the main parameter of which moves in the design of the wind turbines to be located 

in the country, the number of turbines to be installed and the spatial distribution. Wind speed also 

serves as a starting point for all calculations on the feasibility and potential of energy during 

economic output. The sensitivity of the power contribution depends on the wind speed and 

subordinates over the wind speed presented with the appropriate data as in the table. 
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 This makes it particularly important in order to accurately measure wind speed in countries 

where this rate is lower. 

It should also be emphasized that it is important to take notes of wind speeds for longevity and 

air density in locations where the intensity of wind turbulence for certain locations is constant, 

which in itself impacts wind energy production, but it will also affect the pre-determination of 

the energy load on rotor blades in a way that the wind generator to be with a fixed life expectancy.  

 Two methods are used for long term forecasting of wind potential at locations: 

1. Location data are collected from the collection of long-term data with reference points of 

metrological station data. 

2. Use of data, in particular, from measurement of location. 

Wind turbine technology brings sustainable development, 

Kosovo has a suitable geographic position for the exploitation of this resource RES, 

The new innovation technology increases the generation capacity 

Kosova has the necessary legislation feed in tariff for wind energy 

Wind speed is the main parameter of which moves in the design of the wind turbines to be located 

in the country, the number of turbines to be installed and the spatial distribution. Wind speed also 

serves as a starting point for all calculations on the feasibility and potential of energy during 

economic output. The sensitivity of the power contribution depends on the wind speed and 

subordinates over the wind speed presented with the appropriate data as in the table. 

This makes it particularly important in order to accurately measure wind speed in countries where 

this rate is lower. 

For certain locations the importance is the direction of the wind from which the wind blows 

(windmill) in order to determine the optimum value of the wind generators, so that maximum 

wind can be used in all directions. 
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Abstract: Nearly zero-energy building means a building that has a very high energy 

performance. In its simple concept, net-zero energy building is a building that produces as much 

energy as it consumes over the year leading to net-zero energy on annual basis. The concept, in 

practice, is realized using a combination of energy efficiency measures on the building side along 

with local renewable energy production. Definitions and the basic principles of designing ZEB 

were briefly analyzed. A case study is performed and very interesting results are given. 

 

Keywords: Zero-Energy Building, energy efficiency, fuzzy control, energy savings 

 

 

Introduction 

The indiscriminate exploitation of the planet's energy sources has nowadays led to an 

uncontrollable form of climate change, with negative consequences for both man and 

environment. In an effort to curb this situation, energy savings in both the building sector and 

other sectors of activity (industry, transport, etc.) is a primary objective and an indispensable 

component of any modern energy policy. As the building sector consumes 40% of the energy 

required at European level, the European Union has made considerable efforts to significantly 

reduce these consumption levels. In addition, a series of European Community Directives 

(91/2002, 32/2006, 31/2010) have been issued on the control and improvement of the energy 

performance of buildings. These guidelines give guidance to European Countries and specify the 

procedures for issuing energy performance certificates for buildings, setting minimum energy 

requirements for new buildings and other. The European Council adopted a package and the 

European Parliament voted it and the 27 Heads of State and governments finally agreed to 

implement the 20-20-20 EU Energy targets: by 2020, reduce by 20% the emissions of greenhouse 

gases, increase by 20% the energy efficiency in the EU and to reach 20% of renewable energy 

sources (RES) in total energy consumption in the EU. 

In Greece, in recent years, an effort has been made to improve the situation in energy policy and 

planning issues, focusing on energy savings and the use of renewable energy sources. The first 

effort was made with the Laws 3661/2008 and 3851/2010 and it received a more complete form 

with the publication of the Energy Efficiency Regulation of Buildings. 

It is characteristic that, as part of the European savings efforts in the building sector, provisions 

have been incorporated into the requirements of Zero Energy Efficiency Buildings both in the 

corresponding Community Directives and in Greek legislation (KO 31/2010 and L.33851 / 2010). 

These provisions provide for the construction of all new buildings by 2021 at the latest with zero 

consumption standards. In particular, for public new buildings, the time horizon is even less [1]. 

The present study examines the possibility of integrating two different systems of solar energy 

utilization into a residential building in the area of Patras in order to achieve its energy self-

sufficiency and hence its classification in the category of Zero Energy Building. More 

mailto:lazaros@energy-greece.com
mailto:groumpos@ece.upatras.gr
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specifically, the integration either of photovoltaic and hybrid photovoltaic - thermal collectors 

was examined. We decided to examine these systems against other RES technologies because of 

their easier integration into building infrastructure and the greater familiarity that users of the 

buildings usually have with both photovoltaic and solar thermal systems. 

The modeling of the operation of the two systems was done with the help of the Matlab, taking 

into account the relevant literature and data available from the manufacturers of related 

equipment. Different formats were developed to model the two technologies due to the different 

mathematical equations governing the operation of each of the proposed system.  The modeling 

process was carried out for four representative months of the year (January, April, July and 

October), and thereafter the annual results were calculated in order to calculate the energy 

contribution of each system separately. 

It was considered a single-family house in the area of Patras with thermo-insulating protection of 

its structural elements to meet the requirements and specifications of Zero Energy Buildings. 

Then, using the software for conducting energy inspections and studies, the actual energy needs 

of the building were calculated for each end-use (heating, cooling and DHW). 

The required climatic data (solar radiation and ambient temperature) were obtained from the 

PVGIS website, from which it is possible to derive such information in a 15-minute increment. 

For this reason and throughout the computational process, the same time step was followed. In 

the case of photovoltaic panels, data were required in relation to the nominal output and also the 

correlation of output power with collector temperature. For the hybrid collector, it has also been 

necessary to look for data on its thermal efficiency as a function of the intensity of the solar 

radiation and the flow of water through it. All of these elements were derived from the 

manufacturer's technical leaflets. 

Based on the calculated energy needs of the house, in the case of photovoltaic panels, the annual 

electricity output of different size arrays was calculated to determine the total array size required 

for building autonomy. Similarly, in the case of hybrid photovoltaic - thermal collectors, the 

electrical and thermal production of a different number of connected photovoltaic - thermal 

collectors was calculated.  The appropriate combination of parallel branches was chosen to ensure 

energy autonomy with the smallest possible number of hybrid collectors. 

The results of the computational process have shown that while in the case of photovoltaic panels 

the performance per unit area is independent of the total number of collectors, for the hybrid 

collectors both the electrical and thermal efficiency per m2 are decreasing by increasing the total 

number of series of connected collectors. In addition, the autonomy of the residential building in 

question is possible with a smaller number of hybrid collectors due to the extra thermal energy 

available in this case. The cost of each proposed solution, based on the cost per collector as 

derived from online search, is significantly greater for the hybrid system, despite the smallest 

total number of collectors required. However, given the fact that in the case of the photovoltaic 

system the existence of an additional system for heating and production of DHW (for the 

purposes of the present work was considered a central air-to-water heat pump), the final cost of 

the two proposed solutions is similar. 

 
 

ZEB: Definitions, Issues and Challenges 

 

Today there is NOT a common definition accepted for the zero energy building (ZEB) concept. 

[2] A zero-energy building, also known as a zero net energy (ZNE) building, net-zero energy 

building (NZEB), or net zero building, is a building with zero net energy consumption, meaning 

the total amount of energy used by the building on an annual basis is roughly equal to the amount 

of  energy created on the site (with any means). These buildings consequently do not increase the 

amount of greenhouse gases in the atmosphere. They do at times consume non-renewable energy 
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and produce greenhouse gases, but at other times reduce energy consumption and greenhouse gas 

production elsewhere by the same amount. 

Most zero net energy buildings get half or more of their energy from the grid, and return the same 

amount at other times. Buildings that produce a surplus of energy over the year may be called 

"energy-plus buildings" (EPB) and buildings that consume slightly more energy than they 

produce are called "near-zero energy buildings" (NZEB). The zero net energy consumption 

principle is viewed as a means to reduce carbon emissions and reduce dependence on fossil fuels 

and although zero-energy buildings remain not very common even in developed countries, they 

are gaining importance and popularity. 

Although most zero-energy buildings use the electrical grid as a backup for energy storage 

however some are independent of grid. Energy is usually harvested on-site through a combination 

of energy producing technologies like solar, Photovoltaics and wind. Reducing the overall use of 

energy is accomplished with highly efficient HVAC and lighting technologies. The last 10 years 

the zero-energy goal is becoming more practical as the costs of alternative energy technologies 

decrease and the costs of traditional fossil fuels increase. In addition, smart materials are used for 

better insolation of the houses thus helping in energy savings. 

The development of modern zero-energy buildings became possible not only through the progress 

made in new energy and construction technologies and techniques, but it has also been 

significantly improved by academic research, which collects precise energy performance data on 

traditional and experimental buildings and provides performance parameters for advanced 

computer models to predict the efficacy of engineering designs. Furthermore, new advanced 

control methods have been develop such as fuzzy control and Fuzzy Cognitive Map theories 

which contribute substantially to energy savings. Zero Energy Building is considered as a part of 

smart grid. The zero-energy concept allows for a wide range of approaches due to the many 

options for producing and conserving energy combined with the many ways of measuring energy 

(relating to cost, energy, or carbon emissions). 

 

 

Construction of Zero Energy Building 

For a near-zero energy building, zero energy building or even positive-energy building, it is 

necessary the design of the building to be according to the principles of bioclimatic architecture, 

in order to minimize their energy needs and adapt them to environmental requirements [3]. 

Once the maximum energy savings have been achieved with the bioclimatic design of the 

building, the application of passive systems and the use of energy efficient appliances, the 

remaining energy requirements are covered by renewable energy production. At that time, it only 

becomes meaningful to install RES systems and the building has a truly zero ecological footprint. 

Execution of ZEB- Designing Parameters: the design of buildings and spaces (interior – exterior 

– outdoor) is based on local climate, aimed at providing thermal and visual comfort, making use 

of solar energy and other environmental sources. Basic elements of this design are passive solar 

systems which are incorporated onto buildings and utilize environmental sources (for example, 

sun, air, wind, vegetation, water, soil, sky) for heating, cooling and lighting the buildings. This 

design takes into account the local climate and includes the following principles: 

1. Heat protection of the buildings in winter as well as in summer, using appropriate 

techniques which are applied to the external envelope of the building, especially by 

adequate insulation and air tightness of the building and its openings. 

2. Use of solar energy for heating buildings in the winter season and for day lighting all 

year round. This is achieved by the appropriate orientation of the buildings and 

especially their openings (preferably towards the south), by the layout of interior spaces 

according to their heating requirements, and by passive solar systems which collect 

solar radiation and act as “natural” heating as well as lighting systems. 
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3. Protection of the buildings from the summer sun, primarily by shading but also by the 

appropriate treatment of the building envelope (i.e. use of reflective colors and 

surfaces). 

4. Removal of the heat which accumulates in summer in the building to the surrounding 

environment using by natural means (passive cooling systems and techniques), such as 

natural ventilation, mostly during nighttime. 

5. Improvement – adjustment of environmental conditions in the interiors of buildings so 

that their inhabitants find them comfortable and pleasant (i.e. increasing the air 

movement inside spaces, heat storage, or cool storage in walls). 

6. Ensuring insolation combined with solar control for daylighting of buildings, in order 

to provide sufficient and evenly distributed light in interior spaces. 

7. Improvement of the microclimate around buildings, through the bioclimatic design of 

exterior spaces and in general, of the built environment, adhering to all of the above 

principles. 

 

 

Study Case and Discussion of Results 

In this study we examined the performance of two systems of exploitation of solar energy in 

terms of their contribution to the autonomy of a detached house in the Patras area. More 

specifically, the performance of photovoltaic as well as hybrid photovoltaic - thermal collectors 

was investigated.  

Calculation methodology: 

First the calculation period was considered. The modeling was done for each system for four 

representative months of the year (January, April, July and October) and the results were 

recalculated over one year. 

The input data was taken from the state records. The climatic data to be used as inputs to the 

calculations (solar radiation and ambient temperature) were obtained from the PVGIS web site, 

which provides such data for the calculation of photovoltaic system performance. Here are the 

change charts of these two parameters for the four months of the year. 

Performing a number of simulations some very interesting results were obtained [4]. Unlike the 

case of photovoltaic panels, the reduction of the electric output of hybrid collectors per kWp and 

collector surface does not remain stable as their number increases. This is because the next 

collector always has less output power than the previous collector, because it works at a higher 

temperature than that due to the in-line hydraulic. Electricity production has a downward trend 

as the number of collectors increases. For the two scenarios (4 and 8 collectors respectively), the 

decrease reaches 4%. 

An energy analysis was also performed obtaining also some very interesting results. The analysis 

was done on a small house of a total area of 160 m2, which includes a basement of 80 m2. The 

building met the requirements of Greek constraints in terms of thermal insulation. Two scenarios 

were considered. 

Scenario 1: Applying a photovoltaic system to enable the study building to fully meet its energy 

needs. The calculations are made by energy offset in an annual cycle, as would be the case with 

a system that operates on the netmetering logic and on the basis of the actual energy consumed 

It is assumed that a heat pump (COP = 3,5) is used to meet heating needs in combination with an 

under floor emission system. To meet the cooling needs, heat pumps of split type (EER = 3,0) 

are used, while the same heat pump used for heating the building (COP = 3,5) is utilized to meet 

the needs of Hot Water. 

Scenario 2: Applying the hybrid photovoltaic - thermal system to enable the study building to 

fully meet its energy needs. Calculations are made just like in Scenario 1. To meet heating needs, 

the thermal content of the hybrid system is combined with an under floor emission system, while 
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the installation and an auxiliary system with resistors (efficiency 1) is provided if the output of 

the hybrid system is not sufficient. 

As in Scenario 1, cooling needs are met with split type heat pumps (EER = 3.0). The needs for 

Hot WaTER are also covered by the thermal content of the hybrid system, with provision for a 

resistive auxiliary system. For the photovoltaic system there is a requirement to cover electricity 

consumption of 7120 kWh. It turns out that at least 4.5 kWp of installed capacity is required to 

meet this consumption, ie 25 photovoltaic panels. The total annual output in this case is 7192 

kWh. 

In terms of exploiting the results of the analysis that preceded the energy autonomy of a typical 

house, based on the assumptions made, it has emerged that meeting energy needs can be achieved 

with a significantly smaller number of hybrid collectors compared to conventional photovoltaic 

generators. 

In particular, 18 units of hybrid collectors are required against 25 units of photovoltaic generators. 

This is logical, since the hybrid collectors offer additional thermal energy and their electrical 

output has almost been identical to that of the photovoltaic. 

Therefore, in residential installations where there is room space, the selection of hybrid 

photovoltaic - thermal collectors is clearly preferable to photovoltaic. In this example, 25.69 m2 

of hybrid collectors are required against 34.45 m2 of photovoltaic generators. 

 

 

Closing Remarks  

In this study an overview of the new emerging concept of Zero Energy Buildings was provided. 

Definitions and the basic principles of designing ZEB were briefly analyzed. 

In the case of hybrid collectors, the collector-generated power output (kWh / m2) does not remain 

constant with the increase in the number of collectors but decreases by a small percentage each 

time a new collector is added to the connected wiring. In the case of photovoltaic panels, the 

surface-generated power output remains unchanged as the number of panels increases, because 

the operating temperature depends only on the ambient temperature, the intensity of the solar 

radiation and the installation conditions, parameters common to all collectors. In the case of 

hybrid collectors, the same behavior is also present in their thermal production.  

Despite the slightly lower nominal electrical efficiency of hybrids (12.4% vs. 13.1%), electricity 

production per unit area (kWh / m2) over a year is almost identical for both systems, which should 

be is attributed to the improved temperature conditions under which the hybrid collectors 

operate.The proposed system is very useful for future studies of Zero Energy Buildings. More 

research is needed in this scientific field.  
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Abstract. Complex systems modeling is a rapidly developing research field which incorporates 

various scientific sectors. However, as the systems’ complexity increases pure mathematical 

modeling techniques prove to be a rather laborious task which demands wasting many resources 

and in many occasions, could not lead to the desired system response. This realization led towards 

the evolution of computational intelligence, Neural Networks, Fuzzy Logic etc.  

FCM came as a combination of Neural Networks and Fuzzy Logic. All these years they have 

been applied on a variety of systems such as social, psychological, medical, agricultural, 

marketing, business management, energy, advertising etc, both for systems modeling and 

decision-making support systems, with very promising results. Based on the experts’ knowledge, 

the interrelations among the system variables are determined and the system response is defined. 

Through years, improvements have been made and learning algorithms were embodied to the 

initial approach. However, all these decades, researchers have mentioned some weak points as 

well. In the last years substantial research has been made in order to overcome some of the well-

known limitations of the FCM methodology. 

This paper will apply a revised approach of the Fuzzy Cognitive Maps method on a techno-

economic study of an autonomous hybrid system photovoltaic and geothermal energy The aim 

of the study is to provide maximum performance with the minimum total cost. Computational 

Intelligence and especially Fuzzy Cognitive Maps are a very promising field in modeling 

complex systems. The latest approaches of the method show that FCM can open new paths 

towards higher efficiency, more accurate models and effective decision-making results. 

 

Keywords: Fuzzy Cognitive Maps, Hybrid Energy System, System Modeling. 

 

 

Introduction 

In recent decades, along with the computer science evolution, systems modeling and control have 

led to innovative applications regarding various scientific fields such as social, psychological, 

medical, agricultural, marketing, business management, energy, advertising etc. 

Cognitive Maps were firstly introduced by R. Axelrod in 1976, as a formal way of representing 

social scientific knowledge and modeling decision in social and political systems [1]. Since then, 

Cognitive Maps have been applied in a number of different scientific areas.  

In 1986, Kosko introduced a soft computing methodology as an extension of Cognitive Maps and 

named it Fuzzy Cognitive Maps (FCM) [2]. Combining the reasoning of Fuzzy Logic and the 

system approach of Artificial Neural Networks (ANN), FCMs are a modeling method which has 

been under research during the last decades and they have been applied in modeling various 

systems, giving very promising results. Learning Algorithms, being an important part in the 

training procedure of ANNs, were also applied on FCMs, improving their response. There is a 
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variety of algorithms which were developed, some of them are based on the initial Hebbian 

Algorithm ([3]) and some of them based on the Generic Algorithms and many others ([4]). 

Learning Algorithms usually use historical data in order to appropriately train the system and 

avoid the need of human intervention. In addition, they contribute to the achievement of 

dynamical system response, which is very important especially in the case of complex systems.  

 

 

Fuzzy Cognitive Maps 

Classical Theory 

 

FCMs became popular because they are very simple and close to human reasoning. These 

systems have many parameters and also they are difficult to model using a mathematical 

approach. For that reason, FCMs are considered to be appropriate to solve complex problems 

without using complex mathematics. On the other hand, they are based on experts’ opinion and 

their human decision making approach of problems. 

Combining the theory of both Neural Networks and Fuzzy Logic, FCMs use a graph to represent 

a given system as a collection of concepts and the interrelations between them. They are usually 

assorted as neuro-fuzzy systems and they are competent to incorporate and adapt human 

knowledge. In a simple FCM graph, as it is shown in Fig.1, the system variables are defined by 

experts, and each one of them is considered to be a concept (A1, A2, etc). Concepts take values 

in the interval [0, 1]. The interconnection between two concepts (for example Ai and Aj) is called 

weight (wji) and it is defined by taking a value in interval [−1, +1].  

 If wji<0 then there is a negative interrelation between concepts Ai and Aj. This 

means that an increase of the Aj value will cause a decrease of Ai value.  

 If wji>0 then there is a positive interrelation between concepts Ai and Aj. This 

means that an increase of the Aj value will cause an increase of Ai value.  

 If wji=0 then there is not any interrelation between concepts Ai and Aj. This means 

that their values are in dependent to each other. 
The absolute value of each weight signifies the level of influence between the two concepts. 

Apart from a graph representation, a FCM can be determined by a square matrix, which is called 

”Weight Matrix”. The weight between two concepts is set in their corresponding cell.  
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Fig.6. A basic FCM graph. 

 

 

During simulation, the value of each concept is calculated using the following rule: 

 

 

  

  (1) 

 

 

Where k represents the iteration number, n is the number of concepts and f is the sigmoid function 

given by the following equation: 

 

 

      

      

   (2) 

 

 

In which λ>0 determines the steepness of function f. 

Based on neural networks, FCMs have a non-linear structure. The algorithm of non-linear 

Hebbian learning uses a learning rate parameter ηκ and a weight decay parameter γ, in order to 

calculate updated weight values, changing only non-zero weights that experts initially gave, and 

then the concept values are updated. The non-linear Hebbian learning algorithm is based on 

equation (3): 

 

 

 (3) 

 

 

FCMs Revised Approach 

Applying the FCMs method in complex systems and in various applications, their advantages 

were confirmed and also some weak points were brought to light, leaving space for further 
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research and improvement. Mpelogianni and Groumpos in [5] have been presenting a new 

approach regarding three parts, the concepts calculation equation, the sigmoid function and the 

learning algorithm. This approach has been implemented on the model of a Hybrid Electrical 

Energy System, as it will be discussed in section 3.  

The proposed equation uses the total variation which is caused in concept Ai by all other concepts 

and it is described by equation (4).  

 

 

  

  

  (4) 

 

 

Regarding the sigmoid function, equation (5) was used in order to have the opportunity to apply 

sigmoid functions with different slopes, upper limit, lower limit and symmetry to the y axis.  

 

    

    

    (5) 

 

 
Where: 

 M: upper limit of function f 

 m: lower limit of function f 

 r: slope of the curve 

 t0: symmetry to y axis 

 

As it was mentioned above learning algorithms are used in order to change the weight values and 

achieve a better system response. In order to keep the correct weight sign, and as a consequence 

the correct causality, the NHL equation was slightly changed, as it is presented in equation (6).  

 

(6) 

 

 

In the 

following section all the above parts will be applied on a hybrid electrical energy system. The 

results will be discussed leaving place for further investigation and research.  

 

 

Application on a Hybrid Electrical System  

The FCM which was created consists of twenty-seven concepts describing the variables of a 

hybrid electrical system. This system includes a photovoltaic array, a geothermal energy 

production unit, batteries and o control unit system. More specifically:  

 

 C1 : PV Array Material  C15 : Geothermal power 

 C2 : PV Array Age  C16 : Ground temperature and 

pressure 

 C3 : PV Angle  C17 : Geothermal energy loss 
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 C4 : Solar Radiation  C18 : Geothermal unit ratio in the 

total system 

 C5 : PV Array Efficiency  C19 : Geothermal unit cost 

 C6 : Cell Temperature  C20 : Battery size 

 C7 : PV Power  C21 : Battery replacement cost 

 C8 : Environmental Temperature  C22 : Battery efficiency 

 C9 : Day of the year  C23 : Power consumption of control 

unit 

 C10 : PV ratio in the total system  C24 : Control unit cost 

 C11 : PV array cost  C25 : Total efficiency 

 C12 : Temperature and pressure of 

geothermal liquid 

 C26 : Total electrical power 

 C13 : Geothermal energy usage ratio  C27 : Total cost 

 C14 : Intermediate pressure  

 

The weight matrix describing the interrelations among concepts is a 27x27 matrix. Concepts C25, 

C26 and C27 are the FCM output concepts although in this paper only the total efficiency output 

will be discussed. The results which were achieved regarding the total efficiency output are 

presented in Fig.2, Fig.3 and Fig.4.  

 

 
Fig.2 Total efficiency using the proposed sigmoid function f 

Final value 0.9464 
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Fig.3 Total efficiency using the proposed concept calculation equation 

Final value 0.659 

 

 
Fig.4 Total efficiency using the proposed learning algorithm equation 

Final value 0.9464 

 

In all cases, applying the new approach the system response is steady and it reaches an 

equilibrium point. In the case of the new equation (Fig.3) the result is quite lower than the others 

(final value 0.659). This happens because the new equation calculates the total change that all 

other concepts will cause to the total efficiency and then it adds the sum. Another point that 

should be mentioned is the fact that although the system is complex (27 concepts) the number of 

iterations is low. The system reaches its final value in five or six iterations making the procedure 

easy and without the necessity of high computational resources and time.  
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Conclusions and Future Research  

FCMs, researched and approached by scientists all over the world, are a powerful method, 

especially in the case of complex systems, which need difficult mathematic approach and higher 

level computational power. Of course the weak points of this method are in the front line right 

now for researchers, giving the opportunity to open the horizons increasing their efficiency, 

applying them in complex systems and giving an alternative solution to difficult and highly 

demanding problems.  
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Abstract: The fate and transport of many anthropogenic pollutants have an impact not only on 

hydrological cycles, but also on physical-chemical processes. Water resource monitoring will 

determine the quality of water, identify its depreciation, and help policymakers make decisions 

that will preserve not only natural areas but also improve quality of life. Therefore the purpose 

of this paper is to evaluate the physical and chemical parameters of the locations where the river 

Lukac flows into the Erenik River. Erenik is a River in the western part of Kosovo. The water 

quality of the Ereniku River depends from anthropogenic activities, mainly from sewage 

discharges, from agriculture, as well as from various factors that perform their activity in the 

watershed of the Ereniku River. 

The samples were taken from the river in June 2017 in three stations (locations) and were 

analyzed the physical-chemical parameters such as: Iron, Manganese, Ammonia, Nitrites, 

Nitrates, Phosphates, Aluminum, spending of potassium permanganate, dissolved oxygen, blur, 

pH, electrical conductivity, Alkalinity, COD, BOD, N and P inorganic forms, etc. Water samples 

were analyzed in the physical-chemical laboratory such as: pH values, conductometry, 

turbidometry, atomic absorption method, spectrophotometric method and classical chemical 

analysis methods (volumetric). 

Parameters such as pH, temperature, hardness, blur are comparable to the qualities of Mountain 

Rivers, which are not significantly affected by human activities. The TSS, alkaline and EC values 

are higher where they show the influence of human activity and sewage, as well as the COD and 

BOD values show the impact of human activity. 

 

Key words: River, Ereniku, parameters, evaluation, human. 

 

 

  Introduction 

Population growth may have a negative impact on natural waters by damaging the quality and 

quantity of water. In order to mitigate the impact of human societies on natural waters, the 

implementation of a comprehensive monitoring regime is becoming increasingly important.  

PH monitoring is a typical way of evaluating the health of aquatic ecosystems, bathing waters, 

irrigation springs, livestock, drinking water sources, discharges and rainwater.PH changes may 

be indicators of the presence of industrial pollutant, photosynthesis or respiration of algae 

growing in a pollutant. Most ecosystems are sensitive to pH changes, so pH monitoring is 

included in the environmental laws of most industrialized countries. 

Dissolved Oxygen (DO) is essential for all forms of aquatic life, including organisms that 

decompose pollutants made by human. Other indirect laboratory tests for DO estimation are the 

biological oxygen demand (BOD) and the chemical oxygen demand (COD). BOD is the amount 
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of oxygen needed to biologically decompose a pollutant / impurity while COD is the amount of 

oxygen directly consumed for the chemical oxidation of a pollutant / impurity. During the 

eutrophication process, oxygen release and respiration occur, resulting in hypoxia - high 

concentrations and anoxia - low oxygen concentration. Because of reduced light penetration, the 

photosynthesis process has been reduced / reduced in some areas of the water system (Burkholder 

et al, 2007). 

Turbidity or Total Solids Suspended / Treated (TSS) is the water-based material that affects the 

transparency or distribution of light in the water. Artificial sources of TSS include erosion, 

rippling water flow, industrial discharges, microorganisms and eutrophication. Many species of 

fish are susceptible to prolonged exposure to TSS and TSS monitoring is an important criterion 

for assessing water quality. 

The Electrical Conductivity (EC) is also the measure of the water quality parameters "Total solids 

dissolved" (TDS) or salinity. About 0.3 S / m is the point at which the health of some fresh water 

aquatic cultures and organisms will be endangered by salinity.  

In the environment, plants and microorganisms convert N2 to different oxidation state / levels 

where it becomes part of the nitrogen cycle. The main inorganic oxidation state / levels include 

the ions of: nitrates (NO3
-), nitrites (NO2

-), ammonia (NH3), and ammonium (NH4
-). Total 

nitrogen in natural waters refers to the total amount of organic compounds that contain nitrogen 

and the various levels of inorganic nitrogen oxidation present in the solution.  

Eutrophication has become the main concern of water quality for most freshwater, coastal and 

transitional waters. (Schindler, 2006; Smith, 1983; Zaldivar et al., 2008). 

The nitrification process, as it requires oxygen for its development, is carried in the sediment 

aerobic part until denitrification develops into depth in the anoxic layers of sediment, where the 

mode of reduction depends on many factors (carbon content / concentration, types of 

microorganisms, temperature, etc.) (Kelso et al., 1997). 

The calcium-bound phosphate fraction is extremely sensitive to pH changes and can be 

completely dissoluble to low pH values. This fraction slowly precipitates in saline water even at 

high pH values. (Gomez et al., 1999). 

Erenik is a river in the western part of Kosovo. It starts at the altitude of the mountains bordering 

Albania (Cursed Mountains, 2,500 m altitude), descends to the town of Junik, then flows into a 

field ground up to the town of Gjakova (with a population of about 100,000).According to the 

length is shorter watercourse than Lumbardhi i Pejes and Lumbardhi i Deçanit, but by the size of 

the basin and the flow is distinguished from all the right branches of Drini i Bardhe. It stems from 

the Gjeravica glacial lake and flows to the Drini i Bradhe in the east to the Terezinj Bridge. 

Environmental problems related to nitrogen (loads, solubility, transport and water potential for 

erosion) derive from human activity and the special pressure of liquid wastes and urban waste of 

all categories, with environmental management of agriculture, industry, waste and sewage. 

Erosion, rimsing of synthetic and organic fertilizers (vertical movements) and sedimentation are 

decisive processes, especially in diffuse pollution of the waters of  Erenik. 

 

 

    MATERIAL AND METHODS 

This study is carried with the purpose of assessing the waters of the river Ereniku and those in 3 

localities (points) those localities are: 1after sewage without any protection criteria of the city of 

Gjakova or 50 m before the tributary or Lukac river flows into which is the locality 2 in the spill 

of the Erenik river as well as the locality 3 after the flow of the river Lukac to the Ereniku river. 

This assessment of the physicochemical parameters is done in June 2017 in these three locations 

with which not so far away from the third localion that will become the sewage plant. Therefore 

it is clear that the purpose of this study is to provide data on the quality of the waters of the 

Ereniku River and the discharge of polluted waters into the same river. 
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During sampling, care should be taken to ensure that the samples present the actual composition 

of water. Also, sampling and sampling modes have a great impact on the results of the analyzes. 

These recommendations come from: World Health Organization, WHO (WHO 1993), USEPA 

1983. 

Water samples were taken in 500 ml of polyethylene bottle which were previously well cleaned 

and the sample was stored at 4 ° C in the refrigerator, some parameters are determined at the 

place of sampling and they are: water temperature, pH value etc., while other parameters should 

be carefully transported to the laboratory. For laboratory water analysis we use standard methods 

as described by the APHA standard. Through the UV Hach Spectrophotometer, the Merck 

Spectraquant 1500T Turbidimeter, we used titrimetric, conductometric, ph-metric methods. 

 

 

1
2 3

 

Fig. 1. Locations where samples are taken 
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Results of the physicochemical analysis of the Erenik River 

 

Parameters Units 1-Water after 

sewage on the 

Erenik river 

2- Water 

flowing of the 

river Lukac to 

the Erenik river 

3- Water of the 

Erenik River 

after 50m from 

the flow of river 

Lukac 
Sampling time h 10:50 11:30 12:00 

Air temperature 0C 30.3 29.2 28,5 

Water temperature 0C 18 19 21 

Turbidity   NTU 25.2 13.8 9.7 

PH - value - 9.05 8.82 8.45 

Consumption of 

KMnO4 

 mg/dm3 31.6 18.96 14.22 

Electrical 

Conductivity 

μs/cm 443 385 359 

M-alkaline mval/l 25.2 16.8 14.5 

Total Hardness  ºdH 8.12 7.70 7.56 

Dry residues  mg/dm3 265.2 230.5 214.9 

(COD) mg/dm3 8.0 4.8 3.6 

(BOD)  mg/dm3 10.56 6.33 4.75 

Chlorides mg/dm3 17.72 12.76 10.63 

Dissolved oxygen  mg/dm3 6.7 9.7 10.2 

  Iron mg/dm3 0.89 0.37 0.24 

Manganese  mg/dm3 0.76 0.34 0.26 

Ammonia,NH3 mg/dm3 1.19 0.62 0.37 

Nitrites, N-NO2
-  mg/dm3 1.02 0.35 0.29 

 Nitrates, N-NO3
- mg/dm3 8.70 3.80 2.80 

Sulfates  mg/dm3 66 47 35 

Phosphates mg/dm3 7.6 2.8 1.1 
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Fig.2.Turbidity of the river Ereniku.                          Fig.3.pH-value of the river Ereniku.         

                
Fig. 4.Consumption of KMnO4 of the river Ereniku.    Fig. 5. Dissolved oxygen of the river 

 Ereniku 

      
Fig. 6. Iron  of the river Ereniku .                                       Fig. 7. Manganese of the river Ereniku. 

     
Fig. 8.Ammonia   of the river Ereniku.                       Fig. 9. Nitrites of the river Ereniku. 

 

 

DISCUSSION 

During the summer 2017, physical and chemical analyzes were carried out, in the three locations 

of Ereniku river in Gjakova, the results obtained are presented in the table above. 

-The temperature of water depends on time, season and place where the samples were taken, they 

have been different. The lowest water temperature was recorded at the 1st location (18oC), the 

highest water temperature was at 3rd location (21 oC). 
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- Regarding turbidity, it varies from the maximum of 25.2 at the point 1 and falls to 9.7 at the 

point 3 Ntu, which means that we have turbiduty increases, because of the growth is the 

wastewater spill along the Ereniku River. 

-The lowest pH value of water is marked (8.45 mg / dm3) at the 3rd location. The highest water 

pH value was at the 1st location (9.05 mg / dm3). 

-The oxygen dissolved in water that is very important for ecosystems, based on the results, the 

lowest amount of dissolved oxygen in the water is recorded (6. 7 mg / dm3) on site 1. The highest 

dissolved oxygen in the water was at the site 3 (10.2 mg / dm3). 

-The highest consumption of KMnO4  of the water was at the site 1 (31.6 mg / dm3) while the 

lowest was at the site 3 (14.22 mg / dm3). 

-Lower ammonia values are also at site 3 (0.37 mg / dm3), while the highest values are at the site 

1 (1.19 mg / dm3). 

- The lowest water nitrites are recorded at the site 3 with (0.29mg / dm3). The highest nitrites of 

water were at site 1 (1.02mg / dm3). 

 

 

CONCLUSIONS 

 

The obtained results indicate the quality of the pollution of the Ereniku River as a cause of the 

discharged quantities of municipal, agricultural, industrial pollutants. 

It is recommended by higher State institutions to request accountability from the from relevant 

Institutions for water protection, in order to: 

- to perform water control; 

- gradual reduction of pollution, degradation and other activities that pose a high risk to the water 

environment; 

- to build sewage treatment plants, in order to protect the environment, and in particular rivers, 

respecting water protection according to the European Union Standards. 
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Abstract. This paper covers the monitoring of water pollution in the river basin from the source 

to the White Drin flow monitoring the river flow both in the rural and urban areas of water quality. 

The biggest problem in environmental protection is the quality of surface water. The results from 

the analysis of the study will serve to know the pollution from these physical-chemical parameters 

and at the same time to manage the eco-status in order to prevent negative trends and create a 

desirable balancing of so important the ecosystem as it is the system consist of Lumbardhi River, 

with biodiversity still maintained. The purpose of the work is to know the pollution of the 

Lumbardhi River during the period May-June 2017 as we think during that period of time there 

is a larger water flow due to the atmospheric rainfall and melting of the snowfall from the 

mountains because the river source is from an altitude of over 2500 meters and has an extension 

of 37 km to its discharge into the next river. On the other hand, based on the ecological condition 

and the physicochemical characteristics  of the Lumbardhi River during time intervals, will serve 

as a starting point for integrating them into the management plans and if necessary for the 

programs, measures and environmental protection activities that should be undertaken to prevent 

our river pollution as we are dealing with a river that runs through the middle of our city and if 

clean, it would increase the beauty of our city with its landscape. So, the samples for analysis 

have been taken in four sample locations with different distances that are marked with L1, L2, 

L3, L4 and the same ones will be presented in our fig. The analyses are done at the hydro 

meteorological institute of Kosovo Pristina. 

 

 
Keywords: Dissolved Suspensive Substances (DSS), Biochemical Oxygen 

Demand/Consumption (BOD5), and Chemical Oxygen Demand (COD), Total Organic Carbon 

(TOC).  
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Introduction 
 

 
The Lumbardhi River flows in the Sharr Mountains and overflows into the White Drin. 

It runs through the middle of the city of Prizren. There are discharges of Rural and 

Urban waters onto it, without any prior treatment. They are today the largest pollutant 

of water resources. Urban discharge waters originate from the production process and 

include: water from processes, sanitation waters and water from the purification of 

special equipment for each industry. Unlike municipal wastewater, whose composition 

is well known, the discharge waters from various industries and laundries, it is difficult 

to distinguish the great diversity of pollutants and their specific ingredients. 

Based on the laboratory analysis, the state of the Lumbardhi River ecosystem was 

assessed by polluters for the period May-June 2017. 

The purpose of water quality control of Lumbardhi River is to determine the water 

quality at higher and medium or low flow rates, in particular the dynamics of change during 

the arrival of the runoff (melting snow, heavy rain, etc.). Based on this and the fact that water 

quality is an essential element for calculating the balance of physical - chemical parameters, water 

quality measurements in these specific conditions are a very necessary engagement. This is 

particularly important in the Lumbardhi River areas where discharges occur because dispersed 

pollution has a great impact on water quality and the environment. 
 

  

Material and methods 

 
 

Analysis of the physical and chemical parameters has been done at the Hydro Meteorological 

Institute in Prishtina, in order to evaluate the realistic situation of the Lumbardh River. 

Researches have been conducted in four sample areas: the source of Lumbardhi - Prevalla (L1); 

Sredska (L2), City Park (L3) and Vlashnje (L4). During the study, we have dealt with all the flow 

of the Lumbardhi River from its source to its meeting with the River Drini i Bardhe (White Drin). 

We think that measures have been taken recently, it is increased the efficiency of municipal 

institutions for treatment of wastewater, industrial and other recipients for our river to be cleaner. 

Water flow as an element of special importance varies from season to season. This also causes 

contaminants to change during the seasons of the year. The following physicochemical 

parameters have been defined: DSS (Dissolved Suspensive Substances, COD (Chemical Oxygen 

Demand), BOD5 (Biochemical Oxygen Demand) and TOC (Total Organic Carbon). Lumbardhi 

is studied in conditions where we think that water feeds are larger. The data are collected and 

recorded according to the standardized methodologies, which are reflected in the tables and 

following diagrams of this paper. 
 

 

Sample 

 

Sampling took place in time intervals May-June 2017, at four locations. Taking the water samples 

for laboratory analysis is done according to the recognized standards. This paper deals with the 

sampling of the Lumbardhi River of Prizren and Rural and Urban waters discharge, always 

respecting the standard methods and based on ISO 5667-5 of 2006, on standard sampling rules. 



75 

 

In this way, we have tried to avoid the possibility of contamination of water samples for study. 

Sampling points for monitoring the dynamics of Lumbardhi's pollution are shown in Figure 1. 

 

 
 

Figure 1. Map of sampling sites 
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Results and discussions 

 

 
 

Figure 2. Graphic representation of DSS concentrations in the time interval May - June 2017 

 
Referring to the data in Figure 2 it is noticed that besides the sources: L1 and L2, where the 

quality of the waters is good, in other monitoring sites this quality is of medium and low level. 

This is due to the pollution of water from various sources of pollutants during its flow. At the 

third place, it means in the City Park (L3) there is a huge increase in DSS which means that there 

is a serious pollution from urban liquid discharges while in Vlashnje (L4) we there is a decrease. 

 
 

 

Figure 3. Graphic representation of COD concentrations in the time interval May - June 2017 
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Referring to the COD indicators in Figure 3 it is noted that in the locations: L1 and L2, water 

quality is good, while in other monitoring sites water quality ranges from average to low. It is 

noted that the values of the COD indicator are increasing from the first place to the third place.  

At the third place, in the City Park (L3) there is a huge increase of COD, so, there is a serious 

pollution from the urban liquid discharges, household and in Vlashnje (L4), there’s a decrease. 

 
 

Figure 4. Graphic presentation of BOD5 concentrations (biochemical oxygen 

demand/consumption) in the time interval May - June 2017 

 

Also referring to the data in Figure 4, it can be noted that, apart from sources: L1 and L2, 

compared to L3 and L4 source locations, where water quality is good, in other monitoring sites, 

this quality varies from average level values to the low ones. It is noted that the BOD5 indicator 

values are increasing from the first place to the third place. At the third place, in the City Park 

(L3) there is a large increase in BOD5 which means that there is a serious pollution from urban 

liquid discharges while in Vlashnje (L4) there’s a decrease. 
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Figure 5. Graphic representation of TOC concentrations in the time interval May - June 2017 

 

Referring to the data in figure 5, it is noted that for the sampling points: L1 and L2, compared to 

the water quality of the sampling point L2 and L3 of the source, water quality at the other 

monitoring sites is of the average level values, sometimes appears lower.  

It is noted that the values of the TOC indicator are increasing from the first place to the third 

place. At the third place, in the City Park (L3) there is a large increase in TOC which means that 

there’s a serious pollution from urban liquid discharges while in Vlashnje (L4) there’s a decrease. 

 
 

 

 Conclusions 

 
 Based on the methodology of the study we think that we have managed to qualitatively and 

quantitatively quantify the pollution of the Lumbardhi River in four locations, in the period 

between May and June 2017. Results analysis show that the Lumbardhi River has no prior 

treatment. 

 During physical chemical quality analyzes of samples taken at the sites, there are variations of 

DSS, COD, BOD5 and TOC. 

 In the course of our study, we have managed to compare our results obtained from physical 

chemical quality analysis of water at the sites, which results that the values of the chemical 

parameters are greater at the third sampling place, in the City Park (L3) there is a huge increase 

of TOC, which means there’s a serious pollution from urban liquid discharges. 

Based on the data presented in this paper we can conclude that: 

• Prizren still does not have for Lumbardhi: strategic water plan, water management plan, basin 

management plan and flood management plan. 

• The water database is still incomplete and represents an obstacle to quality planning in the water 

sector; 

• Unsustainable use of water resources and uncontrolled use of inert from river beds; 
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• There is a lack of investment in the construction of sewage systems and wastewater treatment 

plants; 

• There is a lack of scientific research in the field of water due to the absence of research institutes. 

• Insufficient co-operation between the institutions responsible for the area of water, 

• Insufficient co-operation between governmental, non-governmental and public institutions. 

• There is no integrated monitoring system for surface and underground waters. 
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Abstract.  Creation of Smart Grid meets the energy requirements of the 21st century in a high-

tech manner with real time approach by providing a significant improvement in power reliability 

and services, and integrating the latest digital communications in the current power grid. This 

grid improves the ability of consumers and utilities to monitor, control, and predict the use of 

energy. The main goal of this paper is to present and justify the need to study electricity 

distribution grid, and to present the practical ways in which the proposed study should be focused. 

The focus will be in enabling a cost-efficient realization of the future robust and flexible 

electricity distribution grid. This will prepare the way for increased distributed generation from 

renewable sources, more efficient use of energy, and electrification of transport. The 

sustainability targets for the future energy system cannot be met without addressing the necessary 

transformation of the electricity distribution system.  

 

Keywords: Smart Grid, Distribution System Operation, Digital Networks, Architecture. 

 

 

Introduction 

The future grid of 2030-2040 years will be a complex system-of-systems [1], combining 

numerous intelligent devices for controlling, sensing and making decisions. Primary new security 

needs must be addressed and technologies need to be integrated to support customers in making 

informed choices about the energy they use [2]. The foremost new benefits for the future 

electricity distribution system result from the communication between these technologies. 

Consequently, this paper focuses on system innovation [3], i.e., detecting and achieving the 

benefits that result from this interaction. This approach obliges long-term, holistic and 

multidisciplinary research in close cooperation with the most innovative key technologies, 

Distribution System Operators (DSOs) and software providers. In this case, this research is 

beyond the capacities of a conference paper work, but we will give a general overview on this 

matter for long-term research and innovation as well as to be an international reference research 

work. This paper will play an important role in accelerating implementation of the required 

system innovation through high-quality research on topics that are crucial for the power grid 

industry.  

In EN 501101 operation is defined as:  

 

“All activities including work activities necessary to permit the electrical installation to function. 

These activities include such matters as switching, controlling, monitoring and maintenance as 

well as both electrical and non-electrical work.” 

 

                                                                 
1 Operation of Electrical Installations – European electrical safety standard 
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The work and decision-making process in distribution system operation can be arranged in 

distinctive ways and level of details. An appropriate high-level structuring of operation is 

proposed in [4] and involves four key components:  

 

 Monitoring  

 Planning  

 Response  

 Documentation  

 

The goal of distribution system operation is to optimize and enhance distribution system 

performance by minimizing operation expenses within the appropriate restrictions, like 

environmental, technical, etc. The main goal of this paper is to present and justify the need to 

study electricity distribution grid, and to present the practical ways in which the proposed study 

should be focused. The focus will be in enabling a cost-efficient realization of the future robust 

and flexible electricity distribution grid. This will prepare the way for increased distributed 

generation from renewable sources, more efficient use of energy, and electrification of transport. 

The sustainability targets for the future energy system cannot be met without addressing the 

necessary transformation of the electricity distribution system. 

 

Distribution System Operation 

Power system operation practices and instruments are not future proof to meet the opportunities 

and new requirements for next generation power system operation 2030/2040. Increased 

decentralization because of Distributed Energy Resources (DER), which include distributed 

generation (DG), or Microgrids together with new and traditional flexibility options, pervasive 

monitoring, control and automation, (e.g. self-healing, Phasor Measurement Units (PMUs) 

increasing market influence, TSO/DSO interaction etc.), calls for new solutions. Distribution 

Management Systems (DMS) will play an important role in real time operation and decision 

support and DMS instruments should be able to exploit and manage new data for increasing 

control room and field personnel system state and threat awareness.  

The traditional DMS systems need to be customized to save, process and present the 

progressively increasing monitoring data volume, taken from a plethora of various data sources. 

Current communication solutions are either proprietary, inflexible, expensive solutions designed 

for one specific application [5], or flexible [6] but not prepared for the very strict real-time [7], 

security and reliability requirements given by the power grid monitoring and control applications. 

To empower deployment of all the new opportunities provided by ICT systems in smart grid 

operation, it is needed an Industrial Internet of Things” (IIoT) [8] that is simply reconfigurable 

to meet new regulations, requirements, and standards. Regarding the safety domain, there has 

been a shift from a focus on reactive actions to prevent accidents from happening, towards 

resilient systems [9] where the focus is on guaranteeing that things go fine also when dealing 

with the unpredicted. Such a shift is also needed for cyber security and incident management to 

improve the awareness in operation of a critical infrastructure such as the power system, which 

has an integrated ICT system to support/assist its operation.  

 

 

Smart Grid Operation 

The objective of this paper is to enhance the fact of developing and testing a group of new 

solutions and concepts that optimally utilize new emerging control and monitoring technologies 

qualified to exploit extensive, real time monitoring to/from all assets and network customers and 

flexible resources. The estimated effect is a more flexible operation of the distribution grid, 
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resulting in cost reductions, enhanced energy efficiency and improved system security and 

reliability, as well as consistent solutions. 

In this paper, we will suggest a use of combination of methods to address the objective. This 

includes developing use cases (for smart grid operation in 3.3, and CIIP in 3.4), methods to 

exploit new sensor data (3.1), development of new modelling framework to investigate control 

hierarchy and infrastructure utilizing new sensors and controllers (3.2), implication on operations 

(3.1 and 3.2, and testing in 3.5).  

 

 

 Application of new sensors and controllers for DSM 

The goal is to develop new methodologies for a smarter, cost efficient and more reliable 

distribution system operation exploiting the potential in new technologies, such as a huge amount 

of new sensors, over new media and with new features, widely deployed automation, controllable 

power devices, which connect to advance IT-solutions by communication networks with 

industry-grade requirements. Methodology needs to be developed for distributed and hierarchical 

state estimation, utilizing the new sensor data for new voltage and power control and fast system 

reconfiguration, enabled by new power electronic controllers, and enhanced real-time operation 

supported by faster and more reliable communication networks.  

 

 

Architecture for future monitoring and control 

The goal is to develop a new control hierarchy and architecture for power grid and ICT system, 

integrating the new technology options identified in 3.1. The challenges are: to find the optimal 

balance between distributed and centralized control functionality and automation 

(centralized/decentralized, manual/semi-automatic/automatic) between layers, domains and 

zones (e.g., as in the SGAM [10] model), and to integrate a communication network with real-

time, reliability, and security requirements, that enables dynamic network resource (re)allocation 

with easy upgrading of the remote devices.  

 

 

 Use cases for future (2030-2040) smart distribution grid operation  

The objective is to develop and evaluate the most promising use cases for distribution system 

operation (2030-2040), utilizing the new data and technologies identified. Some characteristics 

in the power system and electricity use are quite different among countries; therefore use cases 

solving these unique challenges need to be addressed.  

 

 

Use Case for Communication interoperability, ICT security and privacy 

(CIIP) 

The main objective is to specify and evaluate CIIP requirements for the use cases developed in 

3.3, as well as to construct use cases specifically addressing real-time performance, robustness, 

graceful degradation, anomaly detection and mitigation of, and response to, cyber-attacks. The 

knowledge building in this research task will provide valuable input to enhance CIIP guidelines 

and standards. 

 Smart distribution system control centers 

The goal is to develop new solutions for future control centers for prediction, diagnosis and 

operational planning support to maximize situational awareness for control room personnel. This 

is a prerequisite for optimal system operation, which will improve resilience through better 

proactive operation, and allow for more timely and correct reactive actions with shorter down 
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time. Preparedness exercises are crucial for increased situational awareness and to prepare for the 

new and unknown landscape of ICT-related threats in the future distribution grid [11].  

 

 

Future Work and Conclusions 

The current research related to the future distribution grid and its components is immense [12], 

and prominent actors are working systematically and strategically to meet the future needs of the 

electricity distribution system [13]. Both nationally and internationally [14], demonstration and 

pilot projects play an important role in knowledge building and in gaining experience on 

important challenges and technological solutions. The future work of this paper will consist in 

performing technological research to achieve needed functionality [15] in the grid, such as using 

microgrids for incorporating distributed energy resources on a large scale, and modelling and 

controlling how flexible resources can be used for more efficient grid operation, including 

auxiliary services, as well as for defense and renovation by Transmission System Operators. We 

recognize that for these functionalities to be used in real-life, there is a need for technological 

advances in supporting technologies, e.g., related to IT and communication solutions that meet 

the requirements related to scalability, security, robustness, and timeliness. Additionally, 

planning methodologies used by DSOs need to incorporate new technologies and, with them, 

new types of threats towards power system reliability (e.g., cyber threats). The large increase in 

available real-time and historical data provides major opportunities for more advanced planning 

and operation of the grid. These opportunities will not be realized without cutting-edge analytical 

capabilities, advances in grid operation, and being able to balance information use towards 

privacy requirements and implications. Finally, socio-economic and social implications need to 

be properly addressed and taken into account. Currently, the relation between the ICT and power 

domains is not adequately understood [16], and limited research has been done on how to 

effectively respond to incidents that affect both types of infrastructures.  
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Abstract. The need to increase the production of electricity in the Subsidiary MPC Oslomej 

(Mining Power Complex-Oslomej), which operates as part of JSC ELEM (Macedonian Power 

Plants), 100% state owned company, represents a significant economic activity. 

Therefore, the analysis in this paper focuses and aims at the economic aspect of the current 

electricity production, that is, the impact of the expenditures of the Subsidiary on the price of 

electricity produced by ELEM JSC, a price also regulated by the Energy Regulatory Commission 

of the Republic of Macedonia (ERC). 

This shall draw attention to the necessity to timely prepare and adjust the industrial complex for 

operation in conditions of achieving and maintaining company competitiveness advantage in a 

fully liberalized electricity market in the Republic of Macedonia, expected in the year 2020.      

In this context, the development of the Subsidiary and the extension of the operational life of TPP 

Oslomej (Thermo Power Plants-Oslomej) stand as the top priority of ELEM JSC, and support the 

general orientation of the Republic of Macedonia towards the European trends.  

 

Keywords: economic aspect, electricity, production, expenditures 

 

 

Introduction  

A very important element for development of the economy of each country is of course the 

electricity production sector together with its production facilities. In the context of MPC 

Oslomej, as the second largest production facility part of ELEM JSC, it is very important for the 

electric energy system as a whole, in terms of employment and economic development of the 

municipality, the region and the country. The plant has an installed capacity of 125 MW, and in 

the period (2008-2011) it contributed with over 10% of the total electricity production, while in 

the total electricity production generated from thermal power plants of ELEM JSC it contributed 

with 13%. The total electricity production to the grid for the period 1980 – 2016 amounts to 17 

077 269 [MWh], which represents 85.5% of its total planned production of 19 968 172 [MWh], 

reaching an average annual production of 461 547 [MWh] [10]. In recent years, that is from 2012 

onwards the production of electricity in TPP Oslomej drastically decreases, and does not fulfill 

the anyway drastically reduced plan for annual production.  

Taking into consideration all of the above, including the need for increasing electricity production 

in the country as a whole, and ELEM JSC, i.e. MPC Oslomej especially, this paper is aiming to 

indicate to the current operation of MPC Oslomej, i.e. to the economic aspect of electricity 

production, and as an integral part the necessity to improve the efficiency and effectiveness of its 

future operation and development through modernization and sophistication of the technological 

processes.     

mailto:imer.zenku@ubt-uni.net
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This means preparation and adjustment of the industrial complex for operation in conditions of 

achieving and maintaining company competitiveness advantage in a fully liberalized electricity 

market in the Republic of Macedonia.  

In this context, the paper is composed of three parts, where the first part analyzes the electricity 

price of the regulated producer ELEM JSC. The second part includes an analysis of the current 

electricity production of MPC Oslomej, while the third part continues with the analysis of the 

production expenses and their impact on the determined electricity production price of ELEM 

JSC. The purpose of this is to indicate to the need of finding an adequate and economically viable 

solution for further productive operations, in order to meet the increasing needs of the consumers 

in the Republic of Macedonia. The paper ends with a number of conclusions. 

 

 

Electricity price of the regulated producer ELEM JSC  

 
The regulated producer ELEM JSC is obliged to submit a request to the Energy Regulatory 

Commission (ERC) of the Republic of Macedonia in order to receive an approval for Maximum 

Allowed Revenue (MAR) and price for regulated activity- electricity production. 

In attachment to the request, despite the required documentation, ELEM JSC also submits data 

on the planned operational expenses of the production facilities which produce electricity as part 

of ELEM JSC including:  

1. MPC “Bitola” – Bitola, with total installed capacity of 675 MW,  

2. MPC “Oslomej” – Oslomej, with total installed capacity of 120 MW,  

3. HPP “Globochica” – Struga, with total installed capacity of 42.56 MW,  

4. HPP “Shpilje” – Debar, with total installed capacity of 84 MW,  

5. HPP “Mavrovo” – Gostivar, with total installed capacity of 182 MW,  

6. HPP “Treska” – Skopje, with total installed capacity of 80 MW,  

7. HPP “Tikvesh” – Kavadarci, with total installed capacity of 114.48 MW.  

In this context, in accordance with the Rulebook on electricity prices, ERC regularly holds a 

preparatory session, where amongst other issues the “Draft – Materials for approval of maximum 

allowed revenue in conducting the following regulated energy related activities: electricity 

production, transmission of electricity, electricity market organization and management, 

electricity distribution, and supply of electricity to tariff consumers” are discussed. 

This preparatory session is attended by: members of the Energy Regulatory Commission, 

representatives of AD TPP NEGOTINO, ELEM JSC, MEPSO AD – Skopje, EVN Macedonia 

AD Skopje, representatives of the Cabinet of the Deputy Prime Minister of the Macedonian 

Government, representatives of the Ministry of Economy, the Commission on Protection of 

Competition, the Energy Agency of the Republic of Macedonia, Chamber of Commerce of the 

Republic of Macedonia, Macedonian Chambers of Commerce, as well as representatives of the 

Council for Protection of Consumers. 

Then, considering the Request and the performed analysis of the submitted data by ELEM JSC, 

based on the Law on Energy [7] and the Rulebook [9] ERC makes a Decision [5] by which ELEM 

JSC is allowed to have a maximum allowed revenue and a determined price for conducting 

regulated energy related activity – electricity production, given in Table 1 [2,3,5,10] for the 

period 2011-2015. 
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Table 1 Operation data of TPP Oslomej in the period 2011-2015 

 2011 2012 2013 2014 2015 

JSC ELEM 

1. Planned of ELEM JSC 

[GWh] 
6075 5700 5787 5797 5091 

2. Production of ELEM JSC 

[GWh] 
6043 5370 5113 4535 4742 

3. Total expenses of ELEM JSC 

[million €]  
244.63 262.87 255.42 219.79 216.67 

4. Approved regulated 

maximum income of ELEM 

JSC [million €] 

231.35 215.88 246.21 259.51 251.73 

5. Determined price of 

electricity produced by ELEM 

JSC [€/MWh] 

34.51 35.91 39.70 40.90 41.04 

Subsidiary TPP OSLOMEJ 

6. Plan. product. grid [GWh] 601 601 505.2 349.4 227 

7. Actual product. grid [GWh] 587 505 169 190 107 

8. Actual /Planned [%] 97.67 84.0 33.5 54.3 47.1 

9. Actual / Production of ELEM 

JSC [%] 
9.71 9.40 3.31 4.19 2.26 

10. Revenues from the actual 

production grid [million €] 
20.26 18.13 6.70 7.77 4.39 

11. Total expenses of TPP 

Oslomej [million €] 
32.11 32.87 29.61 25.35 21.33 

12. Price of produced el. per 

generator in TPP Oslomej 

[€/MWh] 

48.99 57.92 157.9 116.2 169.8 

13. Uncovered expenses of TPP 

Oslomej [million €] 
11.85 14.74 22.91 17.58 16.94 

14. The impact of uncovered costs 

of the Subsidiary on expenses of 

ELEM JSC [%] 
4.84 5.61 8.97 8.00 7.82 

15. Difference between 

determined and real price of 

electricity produced by ELEM 

JSC [€/MWh] 

1.67 2.01 3.56 3.27 3.21 

 

Analysis of the current electricity production in MPC Oslomej  

The planned electricity production of MPC “Oslomej” for the period 2011 – 2015 was reduced 

each year due to lack of coal, and was particularly reduced in 2015, for about 35% compared to 

2014, and 62% compared to 2011. Despite the reduced planned production, it additionally faced 

drastically reduced actual production, thus failing to achieve the anyway reduced annual 

production plan (Table 1), and this trend of drastic reduction still continues today. 

At the same time, the participation of MPC Oslomej in the achieved production of electricity, for 

the same period, in the total electricity production of ELEM JSC drastically reduced from 9.71% 

in 2011 down to 2.26% in 2015. This led to an increase of the produced electricity price per 

generator, which amounted to 48.99 €/MWh in 2011, and reached 169.8 €/MWh in 2015 (Table 
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1). This shows an extremely unacceptable electricity production, jeopardizing the market 

position, competitiveness and the position in the event of privatization of the company. 

All of the above is a solid evidence in favor of the need for an urgent modernization of the thermal 

power plant, in accordance with the fuel supply options for TPP Oslomej, given in the analysis 

of ELEM [4] including: domestic lignite, imported lignite, natural gas, and imported high 

calorific value coal. The option for long-term supply of imported coal having a high calorific 

value of 25MJ/kg and the modernization of the thermal power plant was elaborated in the 

Feasibility Study [1].  

Despite all of this, neither clear instructions have been given, nor was a final decision regarding 

the option for extension of the operation of TPP Oslomej made. The opposite scenario would 

mean cease of operations and closing down of MPC Oslomej, generating the need for additional 

annual import of electricity of 600 GWh, which would cost 700 million euro for a period of 15 

years [6]. 

The modernization of the thermal power plant would contribute to the increase of the extremely 

reduced production in recent years, as well as the actual achieved operation time with an average 

annual production of about 800 GWh of electricity with 7,500 hours spent in operation. At the 

same time the installed capacity of the plant would increase for additional 7.6 MW, from the 

existing 125 MW to 132.6 MW for the modernized power plant. 

The purpose of this is to return to the normal operational regime, to increase the economically 

viable production, thus extending the operational life of TPP Oslomej, which is especially 

important for the development of the municipality, since the monthly income of the employees 

represents a substantial financial turnover of monthly assets for the municipality. This financial 

turnover exceeds half a million euro per month.  

Taking into account all of the above it is necessary for the new Government of the Republic of 

Macedonia to make a decision to modernize TPP Oslomej in accordance with the current 

European directives on large combustion plants. 

 

 

Analysis of the impact the MPC Oslomej’s expenses have on the 

determined price of electricity production of ELEM JSC  

The total expenses of MPC Oslomej are reducing from year to year and in 2015 the reduction 

amounts to 33.57% compared to expenses in 2011. On the other hand, despite reduced expenses 

there is an even more drastic revenue reduction due to actual production reduction with a 

reduction in 2015 by 78.33% compared to the revenue in 2011. Consequently, there is an increase 

in the price of produced electricity per generator, which in 2015 has increased by 3.46 times 

compared to 2011. 

Despite the decrease in total expenses, due to the drastic decrease of revenue, there is an increase 

of uncovered costs amounting to 42.95% in 2015 compared to 2011. These expenses have direct 

impact on the expenses of ELEM JSC and this participation amounts to 7.82% in 2015, or has 

increased  by 61.57% compared to 2011. Hence, from the percentage of uncovered costs in the 

determined price from electricity produced by ELEM JSC the difference in price between the 

determined and the real electricity price produced by ELEM JSC can be concluded. This 

difference in price represents the price with which MPC Oslomej burdens the price determined 

by ERC and in 2015 it amounts to 3.21 €/MWh, or in other words increased by 92.21% compared 

to 2011 (Table 1). It can be noticed in the table that this difference in price has also existed in 

2011 when there was solid production, but the difference is in the fact that the price is much 

lower, and there is also a certain amount of produced electricity which directly influences the 

reduction of imported electricity dependence of the country. The difference in price appearing 

due to the continuously decreasing production of MPC Oslomej also participates in the final price 

of tariff consumers.    



89 

 

Summary 

This work is of great importance as it discusses the economic aspect of electricity produced by 

MPC Oslomej through analysis of the regulated price of electricity produced by ELEM JSC, 

production and expenses of the Subsidiary which have a direct impact on the regulated price. All 

this serves to indicate the activities which need to be undertaken in order to improve and increase 

the performance of MPC Oslomej which would result in improvement and increase of 

performances of ELEM JSC which would contribute to sustainable company competitiveness 

which is still not present due to regulated production capacities and this competitiveness is 

expected in 2020. 

In the globalization era and as an imperative of the modern economy, in the current situation, the 

increase of production of MPC Oslomej means at least reaching and implementing of the planned 

production, which would to certain extent influence the reduction of the price of electricity 

produced by MPC Oslomej. 

Uncovered costs have a direct impact in the increase of the regulated price of electricity produced 

by ELEM JSC and they can be lowered, and even eliminated by increasing the production, or the 

revenue, which in this case is possible only through modernization oft he production capacity. 

Having said this, the new Government of the Republic of Macedonia should, as soon as possible, 

make a specific and final decision on the modernization appropriate to the secured quanity and 

quality of coal (lignite or high-calorific value coal) or natural gas. This will enable the extension 

of TPP Oslomej’s operational life and economically justified production. 
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Abstract. This paper describes the HVDC system, its organization, as well as advantages over 

the AC system. Implementation of this system will help to make Europe sustainable energy 

independent which will require a renewable generation portfolio where much of this portfolio 

will be fueled by wind and will be developed offshore as it is presented in this paper. To deliver 

this energy to European consumers will require the development of a high capacity transmission 

system the so called Supergrid, which will be capable of delivering this energy to Europe's load 

centers. In this paper also is presented, a DC connection of the wind farm with a grid on the 

mainland as well as the importance of building a Supergrid. 

 

Keywords: HDVC, Super Grid, Wind farm, converter stations 

 

 

Introduction 

Electricity transmission of direct current with high voltage in recent years is increasingly 

proposed as an alternative to the existing system. The paper presents the basics of this system, as 

well as its advantages and disadvantages in comparison to the AC. Last year it is obvious that 

AC power links became uneconomic on long distance due to the reactive power requirements, 

especially underground cable networks where the cable capacitance dominates the power flow 

equations. DC power links have disadvantages such as requiring costly terminal equipment, but 

it becomes economical for large power over long distance. "Classic HVDC" based on Line 

Commutated Converters (LCC) using thyristors has become the norm for bulk power long 

distance transmission and international interconnection. The advent of modern HVDC links 

based on Voltage Source Converter (VSC) - using Insulated Gate Bipolar Transistors (IGBT) 

instead of thyristors, technology will facilitate the interconnection of offshore wind clusters with 

existing on shore grids and with each other. These new links will form a European Supergrid and 

will be developed and built using the next generation HVDC technology, installation vessels and 

marine generating plants. The technology enabling Supergrid will be both evolutionary and 

revolutionary and will include: Low loss, high power HVDC and hybrid systems; Extra high 

voltage undersea cables; Protection for HVAC and HVDC in wide area network control; Flexible 

AC Transmission Systems (FACTS); High power HVDC switchgear; New large power onshore 

connections; Innovative transport and installation methods both on and offshore. 

In this paper, these systems will be analyzed in detail as well as some of possible applications. 

Particularly described is the supergrid concept as a way of transmitting "green energy". 
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DESCRITION OF HVDC SYSTEM 

The three main elements of the HVDC system are: 

 

• Converter cells with the ends for sending and receiving, 

• Portable brokers (overhead line or cabal) and 

• Grounding electrodes. 

 

Since converter stations can function as rectifiers and as inverters, it is possible to transfer 

electricity in both directions. HVDC is most commonly used for power transmission over long 

distances via cables and overhead lines. It is also used to connect asynchronous AC systems if 

they work on the same or different frequencies. 

 
 

Fig. 1. Basic diagram of HVDC system. 

 

The reasons for choosing HVDC are mostly economic, not technical. [1] [5] [6] 

 

 

 Advantages and Disadvantages of HVDC 

 

HVDC systems advantages over AC transmission are as follows: Transfer of large amounts of 

electricity overhead lines; Transfer of large quantities of electricity through submarine cables; 

Fast and accurate control of the flow of electricity with HVDC lines to create a positive 

attenuation due to electromechanical oscillations and to improve network stability by means of 

modulation due to back-to-back transmission; Since the HVDC connection is not limited by the 

Phase and angle between two AC systems, it can be used to connect two systems with different 

frequencies using Asynchronous Back-to-Back; HVDC systems can also be used to connect 

renewable sources, and the best example are the wind farms where the production is located far 

away from consumers; VSC based on the HVDC technology gets more and more space. This 

technology is a result of the constant technology development of IGBT. In this system, PWM 

modulation can be used for VSC, versus thyristor used in HVDC systems; Since the reactive 

power is not transmitted by DC lines, two AC systems can be connected to DC lines without 

increasing the short circuit current.; back to back connections between systems of the same 

nominal frequency (50/50 Hz or 60/60 Hz); back to back connections between systems of 

different frequency (50/60 Hz); Multi-terminal connections with multiple rectifier and/or inverter 

station using the same transmission system; Multi-terminal connections with a tapping 

connection on the DC system.[1][5] [6] 
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Fig. 2. Overview of HVDC system application [3] 

 

Disadvantage of HVDC technology are: The disadvantage of HVDC is converter, switching, 

control, availability and maintenance; HVDC is less reliable and has lower availability than AC 

systems, mainly due to the extra conversion equipment; The required converter stations are costly 

and have limited overload capacity; At smaller transmission distances, the losses in converter 

station may be bigger than in an AC transmission line for the same distance; The main 

disadvantage of HVDC is the cost of equipment, primarily converter stations. It has a large 

number of thyristors, which are expensive components, and they lose a lot of energy during their 

work. At distances shorter than 350km HVDC technology becomes more expensive than HVAC 

technology. [2] [3] [5] [6] 

 

 

Types of HVDC Transmission 

 

There are two types of HVDC transmission: one pole and two pole. In the one-pole system, one 

end of the converter is a connected transmission line. This line is approximately at rated voltage, 

at a potential high above or below ground potential, depending on the course of the power flow. 

The other end is connected to grounding and it can, and does not have, to be connected by another 

conductor with the ground end of the second converter. The other conductor is practically on the 

potential of the ground. In single-pole HVDC systems, which exist almost exclusively in the form 

of submarine cable transmission systems, there are significant differences between the 

construction of cathode and anode electrodes used as grounders. The cathode operator is not 

exposed to its own electrolytic decomposition, and is most often performed by burial of several 

hundred meters of copper conductors of a large diameter in configuration of node or grid. Ground 

electrode in the role of the anode is exposed to an electrolytic degradation, so the anodic 

grounding is made of several meshes made of titanium. Modern monopolar systems for 

monitoring lines have a capacity of 1500 MW of power transmission, while the capacity of 

submarine and underground cables up to 600 MW. 

 

 
Fig. 3. Schematic of a symmetric monopole configuration 



94 

 

 

Two-pole transmissions are used by a pair of conductors, each at high potential in relation to the 

ground, with the opposite polarity. By transferring one converter from rectifier to inverter, and 

neighboring converter voltage lines, and thus a change in the direction of power flow. The 

advantage of a two-pole transmission with embedded ground electrodes at each end comes to 

expression when defect develops at one of the leads. Then about half the rated energy will 

continue to flow using the ground for the path, in a one-pole mode of operation. [2] [5] [6]. 

 
Fig. 4. Schematic of a bi-pole with ground/sea return 

 

 

DESCRIPTION OF CONVERTER STATIONS 

 

The most interesting part of HVDC systems are converter stations, which represent an innovative 

solution that has enabled the use of HVDC transmissions. The basic parts of the converter are 

inverters and transformers. The main part of the HVDC converter power is a semiconductor 

valve. The purpose of the transformer is to transform the AC system voltage to a specific AC 

voltage at the input of the inverter to obtain the corresponding DC voltage at the inverter. In 

addition to the thyristor and IGBT inverters and converter transformers, which are basic 

equipment, HVDC converter stations also contain AC filters, DC filters, DC chokes and 

disconnectors. There are two types of conversion, which are now in use. These are HVDC LCC 

(HVDC Transmission by using a network-switched converter) and HVDC VSC (HVDC transfer 

using power converter) [2] [5] [6]. 

 

 

 LCC HVDC 

LCC HVDC has been applied to the following types of power transmission:  

 

• Submarine and underground cable transmission  

• Asynchronous link between ac systems  

• Long distance bulk power transmission using overhead lines 

The standard bridge connection is a 6-pulse bridge converter that includes six powerful 

components, two in 3 branches. In today's HVDC systems, a 12 pulse converter is used. 

Two fully rework able 6-pulse bridge converters are obtained as a serial link and require two-

phase systems that move each other for 30 electrical degrees. This requirement is achieved if two 

three-phase transformer transformers are used in different compounds, one in star-to-star 

coupling, and the other in star- triangle connector, as shown in Figure 5. In this way, both output 

voltages have been phase shifted for 30 °. The control of both rectifiers is at the same time that 

at both outputs both pulsed voltages are shifted by 30 °. Two AC voltages, phase shifted by 30 °, 

are used to cancel the 5th and 7th harmonic currents on the AC side and 6th harmonic voltage on 
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the DC side, resulting in significant savings on harmonic filter. Figure 5 shows a contour around 

each of the three groups of four components in one vertical line. They are known as 

“quadrivalves” and are composed as a thyristor structure created by binding four components in 

the series. Since the rated voltage for thyristors several kV in order “quadrivalves” (four valves) 

to withstand 500 kV, can have hundreds of independent (individual) thyristors with their control 

kits connected to serial groups [2] [5][6] 

 
Fig. 5. 12-pulse bridge converter 

 

 

HVDC VSC 

 

If a HVDC transmission with a VSC converter is applied, a certain advantage over the system is 

given. The VSC converter can control the height of the active and reactive power separately, or 

independently, of one. Reactive power can also be controlled by the forward terminal, regardless 

of the DC voltage level. This capacity control provides comfort when it comes to the provision 

of converters to the AC network, as there is no limit to the provision of a minimum capacitive 

network connection in the network. The switching of the VSC itself enables a "black start", which 

would mean that the convertor generates a three-phase voltage system, as a virtual synchronous 

generator. Dynamic AC voltage support with a converter terminal enhances the stability of the 

voltage and can increase the transmission capability of receiving and receiving to the end of the 

AC system, thus aligning the forward capacities of the DC connection.  

 

 
 

Fig. 6. Organization of the IGBT valve 

 

The reactive power that appears in the HVDC system takes from the AC filters that monitor the 

capacitance at the base frequency, parallel or serial coupled capacitors, which are an integral part 

of the converter station. Whether the surplus or the reactive power deficit in the converter station 

must be covered from the AC system. This difference in the active force should be maintained at 

the limit values in order to keep the AC voltage in the range of nominal voltage tolerances. Figure 
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7 shows the demand for reactive power, the compression of active forces and the exchange of 

reactive power with AC grid, in the function of DC load current, the VSC converter. Unlike non-

conventional HVDC transmission, converters do not use reactive power and they actually control 

the active power by regulating the voltage in the AC system, just like the generators. [5][6] 

 

 
 

Fig.7.The range of active and reactive power 

 

 

The ways of connecting converter stations 

The three most important ways to connect converters are: Point to Point, Back to Back 

Converter and Point-to-Point Multiterminal Transfer. It consists of a two-wire station 

interconnected by an overhead line or cable. Such systems are called still-dormant systems. 

 
 

Fig. 8 Schematic of "point to point" transmission 

 

The "Back to Back" converter contains no transmission line or cable to connect the adapter and 

inverter, but the timer is located in the same station. It finds application of linking three-phase 

networks whose nominal frequencies are different.  
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Fig. 9 The "Back to Back" scheme of the converter 

 

When three or more HVDC converters, which are geodetic, connected to a portable overhead 

cable or HVDC cable, the transmission system is multi terminal. It can be a parallel or regular 

multi terminal system. [2][6] 

 

 
Fig. 10 Parallel multiterminal system     Fig. 11. Regular multiterminal system 

 

 

SUPERGRID  

In the North and Baltic Sea, and around the coast of Denmark, it has already been set up, and 

plans are being made to lift a number of dozens of GW wind farms. Their connection and 

transmission of generated electricity to consumers onshore is a great challenge for inventors and 

engineers. The first solutions led the application of HVDC transmission from the wind farm to 

the mainland. However, such a concept is not adequate for a large number of wind farms, so a 

new transmission system, called Supergrid, is designed with a vision to go around the European 

continent, aiming to connect future solar plants along the shores of the Mediterranean Sea and 

Sahara (Figure 12). Supergrid will be built in phases: the first offshore farms will now be 

connected to existing networks. 

As a first step, Phase 1, super nodes in the North Sea will be built to collect the generated offshore 

energy for mass delivery. The Tenth GW Foundation project will be the first element of the 

Supergrid. It will consist of 10 GW power plant. Energy obtained from wind power plants located 

in the North Sea between Great Britain, Netherlands and Germany. This project will link around 

2000 wind turbines, covering an area of 3000 km2 with a capacity of 5MW for each turbine and 

an exit for all three countries.10 GW Foundation project will cost 2 million Euro / MW and the 

network is estimated at an additional 2 Billions euro’s. The price of energy to be produced will 

be 77Evra / MWh in the first 25 years and only 48 Euro / MWh in the period from 26 to 50 years. 

Supergrid will use 70 percent capacity, while the wind power plant will have 40 percent of the 

connections. The 10 GW project is sufficient to settle 8 million households with electricity. [4][6] 
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Fig. 12. Offshore Super grid 

 

Integration of Supergrid 

 

The challenge of matching an increasingly variable energy mix with the changing and variable 

load requires the integration of: Large scale interconnection (Supergrid), Forecasting and 

Demand Side Response (Smart Grid), Storage. [6] 

 

 

 The Way to Develop Supergrid 

 

The decarbonisation of Europe’s energy sector requires a strong integrated Supergrid. The 

development of such a grid can start today according to the installation of new renewable power 

plants. In principle, the entire Supergrid can be built by individual HVDC links that are 

interconnected via Supernodes. The most important step needed to develop HVDC grids further 

is the aspect of interoperability of different individual projects and technologies of different 

manufacturers. Interoperability requires standardization of the basic principles of design and 

operation of HVDC grids. As a starting point for the standardization of HVDC grids some 

fundamental planning criteria need to be defined, leading to different types of HVDC grids (e.g. 

transmission and distribution HVDC networks, sometimes also referred to as "local" and "inter 

area" grids). A Grid Code for the pan European Overlay Grid needs to be defined. Based on the 

fundamental planning criteria, important questions to be answered with respect to HVDC grid 

standardization include: Standardization of DC voltage levels; Concepts for interconnecting local 

and inter area DC grids probably with different DCvoltage levels; DC grid topologies; Control 

and protection principles; Fault behavior; Typical block sizes for converter stations. 

 

Investors should be provided with clear guidelines on how to specify the equipment for a multi 

vendor HVDC grid. Such guidelines are normally summarized in functional specifications which 

are needed for, e.g.: AC/DC Converters; Cables; DC Overhead Lines; DC Chopper; Charging 

Resistors; DC Circuit Breakers; Communication for network control and protection. [4][6] 
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 Market Scenarios for DC Grids 

 

The development of non-technical key issues outlined below will trigger or hold back the market 

evolution: International harmonization of grid codes and transmission investments; International 

harmonized regulatory procedures; Methods to share cross-border renewable subsidiary schemes; 

Multivendor and multi-stakeholder revenue models 

 

In a pessimistic market scenario the development of these four issues will be slow during the next 

five years, implying that only regional DC can be planned, tendered, constructed and 

commissioned. New harmonization, support schemes and a Supergrid business model will be 

delayed until at least 2018. Consequently technology development will be slow. In the 

intermediate realistic scenario, new technical improvements will come continuously. In the 

optimistic market scenario during 2012-2027 the EU changes rules and regulations to promote 

formation of Supergrid. [4][6] 

 

 Conclusions 

 

The working group has not identified any “show-stoppers” to the development of a European 

Supergrid. The VSC Transmission technology has already matured significantly during the last 

15 years. For visionary long term planning of Transmission or Independent System Operators, 

the availability of key VSC-Grid technologies such as control and protection methods, main 

circuit design, grid master control, offshore operation experience and selective fault clearance 

techniques such as, dc breakers, can be assumed. This should give confidence to specify grid-

enabled point-to-point connections that could be expanded to multi-terminals building blocks for 

a larger overlaid grid. The critical time-line for introduction of new technology lies primarily in 

solution of non-technical issues that will create a strong market growth and technology push. An 

early solution of these hurdles will influence the future roadmap to a greater extent than may be 

foreseen, due to the extended time constants in planning and construction of new transmission 

capacity. 

 

 

References 

1.  An Overview Introduction of VSC-HVDC: State-of-art and Potential Applications in 

Electric Power Systems, FENG WANG*, LINA BERTLING, TUAN LE, 21, rue 

d’Artois, F-75008 PARIS 

2.  HDVC Transmission, Dennis A. Woodford 

3.  https://www.energy.siemens.com/br/en/power-transmission/hvdc/applications-

benefits/hvdc-applications.htm 

4.  http://www.elp.com/articles/powergrid_international/print/volume-21/issue-

12/features/the-rise-of-hvdc-and-promise-of-supergrids.html 

5. https://www.pacw.org/issue/september_2016_issue/lessons_learned/hvdc_transmissio

n_and_integration_into_an_ac_grid/complete_article/1.html 

6.  Roadmap to the Supergrid Technologies, Document prepared by FOSG WG 2 

Technological, Frank Schettler, Maria-Sophie Balavoine, Magnus Callavik, Joe 

Corbett, Nikola Kuljaca, Vegar Syrtveit Larsen, Norman MacLeod, Björn Sonerud  

 

https://www.energy.siemens.com/br/en/power-transmission/hvdc/applications-benefits/hvdc-applications.htm
https://www.energy.siemens.com/br/en/power-transmission/hvdc/applications-benefits/hvdc-applications.htm
http://www.elp.com/articles/powergrid_international/print/volume-21/issue-12/features/the-rise-of-hvdc-and-promise-of-supergrids.html
http://www.elp.com/articles/powergrid_international/print/volume-21/issue-12/features/the-rise-of-hvdc-and-promise-of-supergrids.html
https://www.pacw.org/issue/september_2016_issue/lessons_learned/hvdc_transmission_and_integration_into_an_ac_grid/complete_article/1.html
https://www.pacw.org/issue/september_2016_issue/lessons_learned/hvdc_transmission_and_integration_into_an_ac_grid/complete_article/1.html


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Katalogimi në botim – (CIP) 

    Biblioteka Kombëtare  e Kosovës “Pjetër Bogdani” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

007.52(496.51)(063)”2017” 

621.3(496.51)(063)”2017” 

 

      International Conference  Mechatronics, System 

Enginering of Robotics & Energy Efficiency Engineering  :  

Proceedings of the 6th UBT Annual International 

Conference  / Edited by Edmond Hajrizi. – Prishtinë : UBT, 

2018. - 99 f. : ilustr. ; 30 cm. 

 

1.Hajrizi, Edmond 

 

ISBN 978-9951-437-61-5 

 





Lagjja Kalabria  p.n  KS - 10000,  Prishtinë

+381 38 541 400

+377 44 541 400

www.ubt-uni.net

conferences@ubt-uni.net

UBT  ANNUAL INTERNATIONAL CONFERENCE

COMPUTER SCIENCE AND COMMUNICATION ENGINEERING

MANAGEMENT, BUSINESS AND ECONOMICS

MECHATRONICS, SYSTEM ENGINEERING AND ROBOTICS

ENERGY EFFICIENCY ENGINEERING

INFORMATION SYSTEMS AND SECURITY

ARCHITECTURE - SPATIAL PLANNING

CIVIL ENGINEERING, INFRASTRUCTURE AND ENVIRONMENT

LAW

POLITICAL SCIENCE

JOURNALISM, MEDIA AND COMMUNICATION

FOOD SCIENCE AND TECHNOLOGY

MEDICAL, CHEMICAL AND PHARMACEUTICAL SCIENCES

INTEGRATED DESIGN

PSYCHOLOGY SCIENCES

EDUCATION AND DEVELOPMENT


	MEK-EE1.pdf (p.1)
	Book of Proceedings EEE _ MER.pdf (p.2-100)
	MEREEECIP.pdf (p.101)
	EFQM (1).pdf (p.102)
	MEK-EE2.pdf (p.103)

