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Editor Speech of IC - BTI 2018 

International Conference is the 7th international interdisciplinary peer reviewed 

conference which publishes works of the scientists as well as practitionersi n 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 institution, committed to the transfer of 

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

from all backgrounds. It is delivering different courses in science, management and 

technology.  

This year we celebrate the 17th Years Anniversary. 

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: 

- 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 

- Life Sciences and Technologies (Health and Food) 

 

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. 

In this case as partner universities are: University of Tirana – Faculty of Economics, 

University of Korca. 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. 

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, participants and publication than last year. 

 

Congratulations! 

 

Edmond Hajrizi, 

 

Rector of UBT and Chair of IC - BTI 2018 
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 Cloud oriented Additive Technology use for Fast 
Prototype Development 

Betim Shabani1, Vladimir Dukovski2 

1,2Faculty of Mechanical Engineering, SS. Cyril and Methodius University, P.O. 
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Abstract. Digitalization has already affected every segment of the industry and especially 

manufacturing. Based on market demands that are more specific and faster than ever, there is a 

need to use some of the online platform packages called Cloud Manufacturing (CM). CM works 

only with CAD models in general or STL models that is the official format of Additive 

Technologies (AT). On the other hand, there is a rapid increase in the measurement aspects via 

non-contact forms (3D scanners) where their data are stored in various digital formats: IGES, 

OBJ, PLY, etc. Those formats can be processed step by step and follow the full path to Reverse 

Engineering (RE). In this paper there will be discussed the possibility of implementing Cloud 

Additive Technology (CAT) for Fast Prototype Development (FPD) by analyzing the current 

situation, barriers during incorporation RE and AT, security and technical-economical aspects. 

 

Keywords: Cloud Manufacturing (CM), Additive Technologies (AT), Reverse Engineering 

(RE), Cloud Additive Technology (CAT), Fast Prototype Development (FPD) 

Introduction 

Based on the past years, Cloud Manufacturing (CM) was just a paradigm and now it is a potential 

reality that has wide reach all over the world. Undoubtedly this would not be possible without 

the notion of the Internet of Things (IoT) and other technologies that complement the wide 

network for access to information by attaching various production services [1]. Today, 

manufacturing is involved in all sectors as enabling design, maintenance, development and all 

other connections to a final product. Now CM is considered as an intelligent model for 

performing various applications [2]. 

On the other hand, manufacturing techniques have advanced greatly by achieving a high degree 

of industrial aspects and especially Additive Technology (AT) which is already known for its 

functionality compared to the traditional subtractive manufacturing. First of all, as the first step 

is CAD format of the model that is selected for production and this model digitally converts into 

the language of 3D Printers. These CAD models are most often designed or remodeled from 

existing parts through Reverse Engineering (RE) technology that is a highly applicable form. 

These two AT and RE technologies are very important for incorporation as a line in CM, which 

will actually lead us to Fast Prototype Development (FPD) that is also the subject of discussion 

in this paper.  
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Literature Review 

Over the last few years many different authors have conducted research in the CM and AT in 

general and each has an analogy that makes them interconnected.  

Lin Zhang et. al (2012) explained that CM will become a typical representative of the advanced 

manufacturing modes in the next period, whose implementation needs more works under the 

demand of applications and the development of technologies. The studies and applications of CM 

technologies will further improve the ‘networking, intelligent and service’ of manufacturing and 

then promote the manufacturing information to a new level [3]. 

M. Mourad et. al (2016) presented a theoretical framework that is modeled to address 

interoperability within the CM components as each component was conceptualized and related 

functions were explicitly analyzed. He predicts some future work that will focus on: development 

of prototype software and design of industrially inspired experiment cases [4]. 

Yuanbin Wang et. al (2017) studied Design for Additive Manufacturing (DfAM) in cloud 

platform and proposed to help the customers access both hard resources and soft resources of 

AM [5]. 

Cloud Additive Technology for Fast Prototype Development 

Continuous market demands for fast and cheap production have led many manufacturing 

companies to change their approach and meet the real demands. Sometimes the need for online 

access is also due to the lack of adequate equipment for the realization of practical parts because 

as we know, to produce parts that are applied in industry we need tools, machines and 

professional equipments which are very expensive. As one of the newest technologies that is 

emerging, is called Additive Technologies (AT) that is a great opportunity for easier access to 

the broader Internet Network due to its advantages. To use AT we need CAD model and that 

model needs to be sent in proper machine but before, it should be converted into several forms 

for AT. In some cases, original parts need reconstruction because of their application or 

sometimes because of damages, so in this situations CAD models are missed and for those 

equipments, like 3D scanners, it is very useful to get the data. Their output format is Point Clouds 

(PC). To follow the line from PC to CAD model, we use Reverse Engineering (RE) as an 

opportunity for remodeling for new reproduction. Even for RE, there are some online 

opportunities that serve to get models in some digital formats. 

RE Cloud platform 

RE is the science of taking the existing physical model and reproducing its surface geometry in 

three-dimensional (3D) data file on a computer-aided (CAD) system. The generic process of RE 

is a three-phase process. The three phases are: scanning, point processing and application of 

specific geometric model development. Each of these phases are important. Equipments and 

softwares must be professional and accurate. 

Nowadays, there are some companies that provide 3D scanning services and have some of their 

scanned models (Figure 1) on their websites as: Artec 3D [6], Direct Dimensions [7], Laser 

Design [8], etc. 
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Fig. 1. Point cloud models: a) Ball joint, b) Makita case [6] 

AT Cloud platform 

The Cloud Additive Technology platform is a very effective way to meet customer requirements. 

The importance is the easy access and the choice of different AT technologies. The platform is 

built in three segments under other conditions which must be completed to the final form. 

Firs one, import of the CAD model [9]. The CAD model must be converted to STL as the official 

AM format. The advantage is in the choice of various shapes and complex forms that make it 

very useful and applicable technology for production. 

Second one, Automated Analysis and Assessment of Geometry [9] is presented in four steps: 

checking of manufacturing restriction and design guidelines, quotation costing, assessment of 

potential, part screening and selection. This segment is foreseen for technical and economic 

analysis of the part which is in the process for completion. 

Third one, in Cloud-based Order processing [9] there are four steps presented: order acceptance, 

management of manufacturing inquires and orders, customer specific online parts catalog and 

messaging systems. This segment belongs to the management sector after the completion of the 

previous phases. 

Once these three main segments (first, second and third) are done, then order will be switch to 

the next steps that completes the entire process (Figure 2). 

 

 
 

Fig. 2. CAT platform [9] 

Techno-economic aspects of CAT (case studies) 

Many CM [10] platforms are now all over the world and recently they are also used in AT. Some 

of them have their advantages and disadvantages but in general beside them the clients make the 

selection for they need and always try to find the way with accurate and the cheapest solution. At 

the moment, the level of discussion and requirements are in a non-industrial character, knowing 

that knowledge about engineering is not presented in most of the users and especially in AT 

which is a relatively new field. What is very important in CAT platforms is that day-to-day they 

are growing up. According to this, in this section there will be presented two platforms as case 

studies: 3D Hubs and Sculpteo. 

3D Hubs (case study 1) 

Selected parts that will be analyzed are from industrial field, where one is used in the textile 

sector (Figure 3) while the other one in water industry (Figure 4). The presented parts were 

produced through the 3D Hubs [11] cloud platform. The reason for choosing this platform was 

that it enables more choices of materials, technologies and it is related with different companies 

that provide AT services.  
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As in Figure 5, we first have to choose "Upload your part" where one of the STL, STEP or IGES 

formats should be selected and then needs to be selected the type of material through "Select a 

material" (Figure 6) where the technology is presented like FDM, SLA, SLS, etc. and finally is 

the selection of the service with which you want to run the required part through option “Select 

a 3D printing service” (Figure 7). 

 

  
 

                                                  Fig. 3. Lever         Fig. 4. Holder 

 

Those are some of technical aspects and the procedure continues with the completion of other 

data such as: delivery method, description, payment, etc. 

 

  
 

                  Fig. 5. Option (upload your part) [11]     Fig. 6. Option (select a material) [11] 

 
 

Fig.7. Option (select a 3D printing service) [11] 

 

We all know that besides the technical factors and the aspects that have to do with the 

functionality the economic factor, it is very important to include the price together with time of 

delivery. In our case we have made requests as a test for production of parts (lever and holder) 

from 1 to 999 pieces. We can see the values through the diagrams in Figure 8 and Figure 9. 
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                            Fig. 8. Price-quantity diagram of Lever (FDM and SLA) 

 

  
 

Fig. 9. Price-quantity diagram of Holder (FDM and SLA) 

 

 

Fused Deposition Modeling (FDM) [12] and Stereo lithography (SLA) [13] are two Additive 

Technologies that are presented to be analyzed as shown in the diagrams. The reason for their 

selection was because they are technologies with different materials, operations and capacity. In 

this situation, it is important the form of price calculation and the stability of the price after 

increasing the quantity in two models that proves that these technologies in the coming years will 

be ready for mass production. 

Sculpteo (case study 2) 

Sculpteo [14] cloud platform is different from the previous one because the parts that are 

presented for production are realized by the company itself (in their factory) so it is not a platform 

that is related with other companies that possess 3D Printers. In some cases, this is good for parts 

accuracy and quality preservation but in some other cases there is a lack of access to several types 

of AT. Two models selected for analysis were presented in section 3.1 (point cloud models). Ball 

joint (Figure 10) and Makita case (Figure 11) are industrial parts with different applications. The 

reason for selecting them was their geometry, possibility to manufacture with different AT 

processes and total time analysis from 3D scanning to Cloud processing. 
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                     Fig. 10. Ball joint [14]                                    Fig. 11. Makita case [14] 

 

Based on the Sculpteo platform, it first needs to be uploaded the model in STL or OBJ format 

(for better results), that needs a relatively short time to upload the model to the database. Next 

steps are: importing file, file analysis, counting parts, checking manufacturability and finally file 

generating. 

 

Table 1.  Time processing of selected parts 

 

    Ball Joint Makita Case 

Part 
Size 47.9 MB 95.3 MB 

Dimensions 111.1x111x110.3 123.1x99.2x199.1 

Scan 
Scanning time 3min 15 min 

Processing time 25min 40 min 

Cloud 
Upload time 1min 59sec 3min 55sec 

Processing time 15 sec 55 sec 

 

According to the Table 1, it is noted that the time required to complete the Ball Joint is 30 minutes 

and 14 seconds while for Makita Case is 59 minutes and 50 seconds. In general, this shows that 

the Scanning process and Cloud platforms are very effective in time saving while keeping the 

accuracy. 

Proposed solution for FPD by using RE and AT 

The need for integrated RE [15, 16] and AT in one big Cloud Manufacturing Environment is 

crucial. Those two technologies present complete line from the beginning to the final product. 

Their use will be very effective especially for cases when the original parts exist and need 

engineering reconstructions or they are damaged and must be reproduced. Based on the previous 

sections presented in this paper and the line that reach to FPD [17, 18], we propose scheme 

(Figure 12) that includes 3D scanning [19, 20], RE and CAT. 
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Fig. 12. Scheme for Fast Prototype Development by using 3DS, RE and CAT 

 

What we see in Figure 12 is a complete digital form from measurement to delivery, which greatly 

affects shortening time according to Table 1 and also gives the opportunity for any correction 

between steps. It is a great opportunity for these platforms to be present in the market in the 

future.  

Conclusion 

This paper presents the current approach and orientation of production in general, specifically 

that of AT. The focus of the paper has been on the possibility of interconnection between RE and 

AT as a digital line to finally end up with a CAT platform that will lead us towards the FPD. In 

two practical case studies we see the workflow in online platform and understood CAT aspects.  

According to quantity-price diagrams (case study 1), we see a decrease in the price when the 

amount increases, which indicates that this technology is moving towards mass production. On 

the other hand, as seen from the table (case study 2), we can conclude that even parts with 

complex geometry can be produced quickly. 

An important topic for the future is the possibility of practical realization of the cloud connection 

between 3D scanners, RE and AT as a real opportunity for parts that are in the market that need 

to be changed, improved and reproduced. 
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The Importance of CAD/CAE systems in development of 
Product Design and Process of Optimization  
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Abstract. Computer Aided Design (CAD) and Computer Aided Engineering (CAE) are the most 

important technology tools that today designers are using in development of product (design and 

in process of optimization). Thus, this study is carried out to present the importance of CAD/CAE 

system on process of design and process of optimization of spur gear.  The paper presents the 

usage of CAD system for modeling parts and CAE software for analysis of stress-strain of spur 

gear and the results of calculation of pair spur-gears that it used in the gearbox transmission of 

the bucket wheel excavator located in “Bardhi i Madh - Fushë Kosovë”, and after that will be 

optimized the shape of the spur gear with usage of ANSYS software. Consequently, the aim of 

this research is to calculate stress-strain structure of parts (gears) and reduce weigh of the gears. 

 

Keywords: CAD/CAE, spur gear, product design, stress-strain analysis, process of optimization 

Introduction 

As it knows, in the past, for verification design of product needed physical prototype testing. 

Results came from making of prototype, loading it with forces, taking results and then on 

engineering judgement make changes based on the results. Today, demands of costumers are 

more complex, initiatives like continuous cost improvement and quality of product in shorter 

time have put greater demands on product performance, and as a results, required innovative 

design and engineering. The radical change of technology in today world market, product 

innovation is a key factor for success across nearly all industries. The aim is to make a new class 

of products in order to be competitive. Most companies are working in innovative design products 

through a combination of technology, process and people to translate knowledge of customer 

requirement into variable products. If companies want to stay in business competitive they must 

know their customers, develop ideas based on engineering fundamentals and use computer based 

tools such as CAD [1], CAE [2], etc., to develop and refine designs accurately and quickly as 

much as possible [3].  

Computer Aided Design (CAD) and Computer Aided Engineering (CAE) are tools of recent 

technology that assist in engineering processes such as creation, design, simulation, analysis, 

optimization and modifications, and so on [4]. It is an integration of Mechanical and Computer 

Technology to aid in the design process like Modeling, Assembly, Drafting, Die Design, Tool 

Design, Sheet metal, analysis of products etc. In this paper we have used CATIA software as 

CAD software for modeling of spur gears as well as their assembly, Inventor and ANSYS 

Workbench 14.0 software for stress-strain analysis and process of optimization. In our case a real 

mailto:fatmir.azemi@ubt-uni.net
mailto:xhemajl.mehmeti@ubt-uni.net
mailto:bekim.m70@hotmail.com
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case study is used for Stress-Strain Analysis of the spur gear of the gearbox transmission (gear-

box reduction) of the working wheel of Excavator. 

Statement of the problem, objectives and purpose of the study 

The real case study has been draw from gear transmission (gear-box reduction) of the excavator 

which is located in open-cast coal mines in Kosovo mines, and during Excavator arm movement 

from right side to left the bucket wheel works with maximum capacity and in that case have been 

caused damage in spur gear 9 and spur gear 10 of gear- box reduction of the Excavator. Objective 

and purpose is to determine stress-strain structure of spur gear 9 and spur gear 10 with CAD and 

CAE system in order to find out if the gears accomplish working conditions, which factors aren’t 

fulfilling conditions and finding a solution and optimization of the spur gear. Figure 1 shows type 

of the excavator. 

 

 

Fig.1. Type of Excavator SRs 1300 and working wheel 

 

Determination of working loads in gear transmission of bucket wheel of 

Excavator with measurement 

Based on the conditions and characteristics of the operating environment in terrain bucket wheel 

of excavators are produced as unique and are supposed to excavate coal. Bucket wheel excavators 

are produced mostly as unique products according to the conditions and characteristics of the 

operating environment where they are supposed to excavate coal or ore (Fig.1). 

Excavating process is periodical, because excavating material realized by bucket cyclin during 

entering and exiting and have in mind that material of coal (lignite in this case) isn’t homogenize, 

determination of torque on the output shaft through mathematical formula is near impossible. 

Therefore, tenzometrike measurements so-called Winston bridge method of deformation has 

been done [5],  figure 2. 
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Fig.2. Winston bridge method for measurement deformation 

 

Based on this method has been calculated the value of torque as a main parameter for calculus of 

all other parameters of the gearbox transmission. 

Tangential deformations have calculated as follows: 

 

( )







−


=

+

−
=

12)1(2

)( 13545 EE
xy                                      (1)   

 

Where are: 

E – module of elasticity for material of shaft, 

45,135 – relative deformation in the directions, 

µ - Poisson’s coefficient,  

The torque on working wheel T which is required for further calculation for elements of gearbox 

transmission and in our case for design of spur gear and shape optimization of it is:   

 





+

= 0
1

W
E

T                                                (2) 

W0 - polar moment of resistance of the cross section. 

Based from equations (1), (2) and from diagram of oscilogram (fig.3) measuring the deformation 

in the shaft during work of bucket wheel are achieved value of the torque T as below [5]: 

       

- from 3899 to 4260 [Nm] – at the time of starting work of Excavator, 

- from 2635 to 4729 [Nm] – at the maximum capacity of Excavator. 

 
 

Fig.3. Oscilogram measuring the deformation in the shaft during working of bucket wheel  
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Based on the calculation of gear box the torques on the gear 9 and gear 10 are [6]: 

 

T9=195635.282 [N∙ m] and T10=1070451.049 [N∙ m]                 (3) 

Method and Materials  

Computer Aided Design tools are used for the creation of 3D solid or surface models, or 2D 

drawings of physical components. There are many CAD environments available for creating new 

engineering designs or concepts. As a new design or modification to a current design is developed 

in a package such as CATIA or Autodesk Inventor, the model can then be created in a short time 

to have an actual prototype for further testing. This prototype, along with analysis tools, helps to 

quickly define the success and failures of the new design [7]. 

In this case we have used CATIA V5, Autodesk Inventor Professional and ANSYS software for 

design, analysis and shape optimization of parts and their assembly.  

This design of parts has been done in CATIA Software and will be used for analyses of stress-

strain structure of assembly with the application Finite Element Method. Ansys Workbench 14.0 

is used for analyses, design of assembly has been imported from CATIA saved as IGES file to 

ANSYS software for analyses [8],[9] figure 4.  

Fig.4. Assembly parts opened in ANSYS WORKBENCH 14.0  
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Data materials and parameters of assembly 

 

Autodesk Inventor professional 2015, Spur Gears Component Generator is used to generate a 

pair of gears with same geometry and material as shown below on tables. Method of Strength 

Calculation based on ISO 6336:1996. 

Parameters, geometrical data, materials and loads are given through tables as below [10]: 

Table 1. Common parameters of assembly (parts) 

Gear Ratio i 5.5833 ul 

Desired Gear Ratio iin 5.5833 ul 

Module m 20.000 mm 

Helix Angle β 0.0000 deg 

Pressure Angle α 20.0000 deg 

Center Distance aw 1600.000 mm 

Product Center Distance a 1580.000 mm 

Total Unit Correction Σx 1.0458 ul 

Circular Pitch p 62.832 mm 

Base Circular Pitch ptb 59.043 mm 

Operating Pressure Angle αw 21.8831 deg 

Contact Ratio ε 1.4226 ul 

Limit Deviation of Axis Parallelity fx 0.0290 mm 

Limit Deviation of Axis Parallelity fy 0.0140 mm 

 

Table 2. Main geometric data of gears 

 
Gear 9 Gear 10 

Type of model Component Component 

Number of Teeth z 24 ul 134 ul 

Unit Correction x 0.8869 ul 0.1589 ul 

Pitch Diameter d 480.000 mm 2680.000 mm 

Outside Diameter da 553.646 mm 2724.522 mm 

Root Diameter df 465.478 mm 2636.354 mm 

Base Circle Diameter db 451.052 mm 2518.376 mm 

Work Pitch Diameter dw 486.076 mm 2713.924 mm 

Facewidth b 640.000 mm 640.000 mm 

Facewidth Ratio br 1.33 ul  0.2388 ul 
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Table 3. Materials of spur gears 

 
Gear 9 Gear 10  

User material User material 

Ultimate Tensile Strength Su 700 MPa 700 MPa 

Yield Strength Sy 340 MPa 340 MPa 

Modulus of Elasticity E 206000 MPa 206000 MPa 

Poisson's Ratio μ 0.300 ul 0.300 ul 

Bending Fatigue Limit σFlim 421.0 MPa 490.0 MPa 

Contact Fatigue Limit σHlim 1195.0 MPa 1370.0 MPa 

Hardness in Tooth Core JHV 210 ul 210 ul 

Hardness in Tooth Side VHV 600 ul 600 ul 

Table 4. Loads 

 
Gear 9 Gear 10 

Power P 676.067 kW 662.546 kW 

Speed n 33.00 rpm 5.91 rpm 

Torque T 195635.282 N m 1070451.049 N m 

Efficiency η 0.980 ul 

Radial Force Fr 323314.557 N 

Tangential Force Ft 804957.669 N 

Axial Force Fa 0.000 N 

Normal Force Fn 867461.326 N 

Results and Discussion 

With the usage of CAD and CAE software we can read that the minimum of stress is 0.0027365 

MPa and maximum stress is 662.33 MPa, whereas the minimum of Equivalent Elastic Strain is 

2.4689e-008 mm/mm and the maximum of Equivalent Elastic Strain is 0.0038289 mm/mm 

0.0027365 MPa and maximum of stress is 662.33 MPa. Graphically are presented in figure 5. 

 

 

Fig.5. Static structural of Stress-Strain  
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After the analyses of Stress-Strain of gears, the gears (pinion and gear) are calculated in Inventor, 

the tools   Spur Gears Component Generator has created components after application method of 

“Type of Strength Calculation-Material Design”. Results are given on tables as below. 

Table 5. Results after analyses of Stress-strain 

 
Gear 1 Gear 2  

User material User material 

Ultimate Tensile Strength Su 700 MPa 700 MPa 

Yield Strength Sy 340 MPa 340 MPa 

Modulus of Elasticity E 206000 MPa 206000 MPa 

Poisson's Ratio μ 0.300 ul 0.300 ul 

Bending Fatigue Limit σFlim 604.5 MPa 623.8 MPa 

Contact Fatigue Limit σHlim 1331.4 MPa 1121.6 MPa 

Hardness in Tooth Core JHV 210 ul 210 ul 

Type of Treatment type 2 ul 2 ul 

Factor of Safety from Pitting SH 2.138 ul 2.138 ul 

Factor of Safety from Tooth 

Breakage 

SF 8.248 ul 7.659 ul 

Static Safety in Contact SHst 1.204 ul 1.204 ul 

Static Safety in Bending SFst 19.181 ul 17.894 ul 

Check Calculation Positive 

 

ANSYS WORKBENCH Software has been used for analysis and shape optimization 

of spur gear with Finite Element Method[11]. 

Figure 6 shows that area with red color are parts which should be removed for shape 

optimization. 

 

Fig.6. Shape optimization of spur gear in ANSYS software and mass reduction  
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Conclusion 

This paper has presents the importance of CAD and CAE in process of product development. Are 

many components that indicating in product development, such as calculations, design, material 

strength, manufacturing quality and etc. First, has been used CAD software for designing parts 

and their assembly in order to import files to CAE software for analysis of stress-strain structure. 

After that, analyses shown that the material and dimensions that have been used for making gears 

are not fulfilling conditions in case when Excavator works with maximum capacity. It can be 

concluded that for fulfilling conditions needed to change the material of gears or should be 

increased dimensions. In this paper geometry integration of the spur gear is used in order for 

relational design to be successfully implemented, all parts and products need to be parameterized. 

The spur gears geometry can be generated using mathematical calculations done in Autodesk 

Inventor professional and CATIA supports parametric design, through which gear geometry 

formula and relations are created. The model of spur gear 9 has been exported in ANSYS software 

for shape optimization. The design optimization helps in reducing 20.5% of the structure weight 

(the initial and final mass of the spur gear are 669.58 kg and 538.48 kg, respectively), which in 

turn reduces the cost of the spur gear with safe design. 

Use of CAD/CAE also helps to create the better innovations in the product. By integrating 

analysis and process of design in development of product at the earlier stages the productivity 

can be enhanced and could be obtained superior designs. 
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Abstract. With Proportional-Integral-Derivative (PID) controllers being widely used in industry 

for optimum solutions. Optimization of the PID controller is an important problem in Control 

Engineering. Therefore, in this paper work we have implemented Simulated Annealing to tune 

the controller parameters. Optimizing the controller parameters on the basis of the Simulated 

Annealing algorithm, based on criteria defined using an objective function, allows us to find 

optimal solutions for the controller parameters that give us minimum error. In terms of 

performance, the PID controller designed with Simulated Annealing gives us great results with 

regard to the rise time, settling time, overshoot and steady-state error.  Simulated Annealing (SA) 

is a meta-heuristic method which is used to find solutions in a large search space. It is inspired 

by a physical process, specifically based on annealing in metallurgy. In annealing the slow 

cooling of the material increases the size of its crystals and thus reduces defects. SA is dependent 

on internal thermodynamic energy. When it is implemented for the PID controller problem the 

algorithm searches for the minimal energy, respectively the minimal error. The case study of 

tuning the PID for the Mechatronics system verifies that this method can be used for this purpose 

and great performance of the system can be achieved. 

 

Keywords: Simulated Annealing (SA), PID controller tuning, Mechatronics systems, 

Optimization 

Introduction 

In industrial systems, when a closed loop system control is being used, mostly the PID is used as 

a controller. The PID controller has three gains, the proportional (𝐾𝑃), the derivative (𝐾𝑑) and 

the integral gain (𝐾𝑖)[3]. The error 𝑒(𝑡) is the difference between the set-point and the output of 

the plant. The controller acts by correcting the error in the system, and therefore will adjust the 

plant output. The proportional part is responsible to follow the desired set-point, while the integral 

part account for the accumulation of past errors and derivative accounts for the  rate of change of 

error in the process[7]. 

The PID controller has the following general form[3]:  

                              𝑔𝑐(𝑡) = 𝐾𝑃𝑒(𝑡) + 𝐾𝑖 ∫ 𝑒(𝑡)𝑑𝑡 + 𝐾𝑑

𝑡

0

𝑑𝑒(𝑡)

𝑑𝑡
  .                                    (1) 

In the Laplace domain the afore equation for the PID controller is as follows:  

                                                 𝐺𝑐(𝑠) = 𝐾𝑃 + 𝐾𝑖

1

𝑠
+ 𝐾𝑑𝑠 .                                                   (2) 

These three parameters of the PID controller can be tuned via the algorithm that is based on the 

physical process of cooling, particularly the simulated annealing optimization technique. The 

optimization leads to the desired performance depending on the requirements of the system 

specified by the objective function.  
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The structure of the control system is shown in the figure below. 

   

 
Fig. 1. Structure of SA-PID controller 

Simulated annealing (Boltzmann Annealing) 

The simulated annealing algorithm (SA) is based on the model of the physical process of cooling, 

particularly on annealing in metallurgy: slow cooling of material to increase size of its crystals, 

thus reducing the defects. It is dependent on the internal thermodynamic energy.  

Modeled by Boltzmann distribution of energy states (Ludwig Boltzmann 1868, Josiah Willard 

Gibbs 1902). The algorithm searches for minimal energy [2].Probability for acceptance of new 

cost-function is based on the chances of obtaining a new state with energy 𝐸𝑘+1 relative to a 

previous state 𝐸𝑘 [4]. The law of thermodynamics state that at temperature, t, the probability of 

an increase in energy of magnitude, ∆E, is given by the following equation [6]: 

 

                         𝑝(∆E) =
𝑒− 𝐸𝑘+1/𝑇

𝑒− 𝐸𝑘+1/𝑇 + 𝑒− 𝐸𝑘/𝑇
=

1

1 + 𝑒∆E/𝑇
≅ 𝑒−∆E/𝑇 .                           (3) 

Where ∆E = 𝐸𝑘+1 − 𝐸𝑘 is the difference in energy between the present and the previous values 

of the energies (cost functions) for a physical problem[4].  

 

Pseudo-code of Simulated Annealing[2]: 

 

1 𝑇 = 𝑇𝑖𝑛𝑖𝑡𝑖𝑎𝑙 

2 𝑆 = 𝑟𝑎𝑛𝑑𝑜𝑚 

3 𝐸 = 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒_𝑒𝑛𝑒𝑟𝑔𝑦(𝑆) 

4 𝑆𝑛𝑒𝑤 = 𝑚𝑜𝑑𝑖𝑓𝑦(𝑆) 

5 𝐸𝑛𝑒𝑤 = 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒_𝑒𝑛𝑒𝑟𝑔𝑦(𝑆𝑛𝑒𝑤) 

6 if 𝐸𝑛𝑒𝑤 < 𝐸,  𝑆 = 𝑆𝑛𝑒𝑤  

7 else 𝑆 = 𝑆𝑛𝑒𝑤 with probability 𝑝 = e−
𝐸𝑛𝑒𝑤− 𝐸

𝑇  

8 𝑇 ←  𝑛𝑇, where 𝑛 ∈ (0; 1) 

9 until 𝑇 >  𝑡𝑠𝑡𝑜𝑝 go to 4 
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Fast Annealing (FA) 

In optimization problems the Cauchy distribution works better than Boltzmann form of the 

Simulated Annealing and has many advantages compared to BA. The Cauchy distribution is 

represented as follows [4]: 

                                                 𝑝(∆x) =
𝑇

(∆x2 + T)(D+1)/2
 .                                                 (4) 

The Fast Annealing (FA) method gives an annealing schedule exponentially faster than with the 

Boltzmann Annealing[4]. 

The objective is optimization of the controller based on objective function objective function 

𝑭(𝒚), 𝑭 ∈ 𝓕 with respect to a group of variables known as objective parameters 𝒚 ≔
(𝒚𝟏, 𝒚𝟐, 𝒚𝟑, … ). If we have the objective function 𝑭 to be optimized, 𝑭(𝒚) → 𝒐𝒑𝒕. ,   𝒚 ∈ 𝓨. 𝑭 is 

the objective function, respectivelly a real-valued function on the search space, 𝓨 ⊂ 𝑹𝒏.   

The search space will be defined by the upper and lower bounds for each parameter of the 

controller, where the Simulated Annealing (SA) searches for the best fitness.             

Therefore, we define our optimization problem in the following manner[5].  {𝑃𝐼𝐷 ∈

 𝑅𝑛: 𝑃𝐼𝐷𝑚,…,𝑜 [𝑙𝑜𝑤𝑒𝑟𝑚,…𝑜, 𝑢𝑝𝑝𝑒𝑟𝑚,…𝑜], 𝑚, 𝑛, 𝑜 = 1, 2, 3,… 𝑛} where 𝑃𝐼𝐷 = [𝐾𝑝, 𝐾𝑖 , 𝐾𝑑].  

min    {𝐾𝑝,𝐾𝑖,𝐾𝑑}
𝐹       , 𝑓𝑜𝑟 𝐾𝑝, 𝐾𝑖 , 𝐾𝑑  ∈ 𝒴 . 

The objective functions 

There are different perfomance indices. In our paper work we are going to implement integral 

absolute error (IAE), integral of the squared error value (ISE), integral time absolute error 

(ITAE), integral of the time weighted square error value (ITSE), mean square error (MSE), and 

the linear quadratic regulator (LQR) as an hybrid objective function.  
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Integral of the absolute error value (IAE): 

𝐼𝐴𝐸 = ∫|𝑒(𝑡)|𝑑𝑡

𝑇

𝑜

= ∑|𝑟(𝑡) − 𝑦(𝑡)| → 𝑚𝑖𝑛 ∑ |𝑟(𝑡) − 𝑦(𝑡)|

𝐾𝑝, 𝐾𝑑 , 𝐾𝑖

= min ∑ |𝑒(𝑡)|𝑑𝑡

𝐾𝑝, 𝐾𝑑 , 𝐾𝑖

.                                                                                                             (5) 

Integral of the squared error value (ISE): 

𝐼𝑆𝐸 = ∫  [𝑟(𝑡) − 𝑦(𝑡)] 2𝑑𝑡

𝑇

𝑜

= ∫  𝑒(𝑡) 2𝑑𝑡

𝑇

𝑜

= ∑[𝑒(𝑡)]2 𝑑𝑡

= 𝑚𝑖𝑛 ∑ [𝑒(𝑡)]2

𝐾𝑝, 𝐾𝑑 , 𝐾𝑖

𝑑𝑡 .                                                                                                        (6) 

Integral of the time weighted squared error value (ITSE): 

𝐼𝑇𝑆𝐸 = ∫ 𝑡[𝑒(𝑡)]2𝑑𝑡

𝑇

𝑜

= ∑𝑡[𝑟(𝑡) − 𝑦(𝑡)] 2 𝑑𝑡 → 𝑚𝑖𝑛 ∑ 𝑡[𝑟(𝑡) − 𝑦(𝑡)] 2𝑑𝑡

𝐾𝑝, 𝐾𝑑, 𝐾𝑖

= min ∑ 𝑡[𝑒(𝑡)]2

𝐾𝑝, 𝐾𝑑, 𝐾𝑖

𝑑𝑡 .                                                                                                      (7) 

Linear Quadratic Regulator (LQR) cost function: 

𝐿𝑄𝑅 = ∫[𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢]𝑑𝑡

𝑡

𝑜

= ∑[𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢]𝑑𝑡

→ 𝑚𝑖𝑛 ∑ [𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢]𝑑𝑡

𝐾𝑝, 𝐾𝑑, 𝐾𝑖

 .                                                    (8) 

Integral of the time weighted absolute error (ITAE): 

𝐼𝑇𝐴𝐸 = ∫ 𝑡|𝑒(𝑡)|𝑑𝑡

𝑇

𝑜

= ∑𝑡|𝑟(𝑡) − 𝑦(𝑡)| → 𝑚𝑖𝑛 ∑ 𝑡|𝑟(𝑡) − 𝑦(𝑡)|

𝐾𝑝, 𝐾𝑑 , 𝐾𝑖

= min ∑ 𝑡|𝑒(𝑡)|𝑑𝑡

𝐾𝑝, 𝐾𝑑, 𝐾𝑖

 .                                                                                                  (9) 

Mean square error (MSE):  

𝑀𝑆𝐸 =
1

𝑛
∑[𝑒(𝑡)]2
𝑛

𝑖=1

→ min   
1

𝑛
∑ [𝑒(𝑡)]2

𝐾𝑝, 𝐾𝑑, 𝐾𝑖

 .                                                         (10) 

Tuning the controller for the mechatronics system 

In order to demonstrate the effectiveness of this approach we are going to try the algorithm by 

tuning the PID controller parameters for a mechatronics system. From the control perspective we 

have to design a motion control system which is required to provide a motion control with a 

precise end motion[1]. The mathematical model (the transfer function in the Laplace domain) for 

the mechatronics system is [1]: 

                                                 𝐺(𝑠) =
0.0571

𝑠2 + 0.6𝑠 + 0.3432
                                         (11) 
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Table 2.  Results from optimization 

 BA FA 

IAE 

 

Kp=30.87; Kd=128.56; Ki=78.87 Kp=618.04; Kd=999.21; 

Ki=305.37 

ISE Kp=44.13; Kd=130.78; 

Ki=51.65 

Kp=584.28; Kd=607.32; 

Ki=220.56 

ITSE Kp=92.74; Kd=72.79; 

Ki=50.51 

Kp=374.41; Kd=852.51; 

Ki=131.81 

ITAE Kp=97.58; Kd=25.52; 

Ki=129.92 

Kp=293.76; Kd=476.03; 

Ki=170.88 

LQR Kp=49.74; Kd=53.11; 

Ki=221.95 

Kp=553.34; Kd=95.61; 

Ki=343.32 

MSE Kp=65.74; Kd=203.88; 

Ki=0.75 

Kp=402.17; Kd=999.59; 

Ki=242.74 

Stopping criteria: 500 iterations 

 

Where the search space is defined as 0 ≤ 𝐾𝑝 ≤ 1000; 0 ≤ 𝐾𝑑 ≤ 1000; 0 ≤ 𝐾𝑖 ≤ 1000. 

 
Fig. 2. Optimization process: a) FA optimization process; b) BA optimization process; c) FA 

search space; d) BA search space. 
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Fig. 3. System responses with FA-PID 

Conclusion 

With Simulated Annealing, particularly the Fast Annealing great performance of the system is 

achieved. With Boltzmann Annealing for 500 iterations the results were not satisfying. Regarding 

the objective functions, FA with IAE works slightly better compared to other objective functions 

and gives us the best results for 500 iterations. With settling time at 0.07 second, and steady state 

error of  0.0001. 
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Abstract. The paper deals with a heat pump system for the food industry characterized by two 

products − refrigeration and heating. The working fluid is ammonia, an ecological refrigerant 

harmless for the environment. For every apparatus, corresponding to its utility and operating 

field, the exergetic balance states the “product” and “fuel”. The work analyses the conduct of the 

system at the variation of the operating and constructive parameters.. The exergoeconomic 

technique succeeds in pointing out for every dissipative zone the exergy destruction and losses. 

 

Keywords: Cogeneration heating and cooling, Exergy analysis, Exergy destruction, Fuel and 

product 

Introduction 

When two products are generated in the same time and in the same unit the energetic efficiency 

of the system becomes very high. 

When the products are electrical/mechanical energy and heat or both products are quantities of 

heat at different temperature levels an exergetic analysis is imposed. The optimization of dual 

purpose systems is an attractive topic. 

Tamer Yilmaz [1] studied a cogeneration system undergoing an internal reversible Carnot cycle 

with external irreversibilities. 

Hisham S. Bamufleh et al. [2] applied a multi-objective procedure for the optimization of a 

cogeneration unit. The economic and environmental impacts were taken into account. The 

analysis is performed using a genetic algorithm. 

P.K.Sahoo [3] presents an optimization case based on evolutionary programming. 

In the present work, by properly defining the “Fuel” and “Product” of the key parts of the cooling 

and heating system, the analysis gets closer to reality offering better insights for optimization. 

System Flow Diagram 

Consider a heat-pump system that offers two products – heating and cooling. To quantify the 

useful effect of each one of the two products the analysis is based on the exergy concept. 

Figure 1 shows the flow chart and p-h diagram of the considered system. 
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The working fluid is R717 (NH3). The cold and hot carrying fluid, in the evaporator and 

condenser, is water. Compressors and pumps are characterized by an isentropic efficiency sη = 

0.8 

The shell and tube condenser has an estimated pressure drop cpΔ = 22 kPa and a minimum 

temperature difference between fluids =ctΔ  5 K. 

The evaporator is a plate heat exchanger characterized by a pressure loss =vpΔ  46 kPa and a 

minimum temperature difference between fluids =vtΔ 3 K. 

The COP of the system is high due to the two products it delivers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Heat pump system: (a) flow diagram ; (b) p-h diagram 

 

Exergetic Balance 

The analysis has been achieved at the customer level. 
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The utility the system offers to the customer, namely the system product P, is the sum of the heat 

exergies extracted in the evaporator 
w,vT

Qv
xE  or delivered in the condenser 

w,cT

Qc
xE . 

To specify the system exergy losses and destruction, the evaporator and condenser have been 

separately analyzed. 

The Evaporator 

The operating scheme of the evaporator is given in Fig.2 

The energetic balance equation on the cold carrying agent side gives: 

 

( ) ( ) ( ) 910w,v910w,vw,v910w,vv ppvttcmhhmHΔQ −+−=−==             (1) 

Considering that line 9-10 includes the pump that runs the cold carrying agent, and that 

s

v
vP,v910

η

pΔ
pΔpΔpp =+=− , where 













−= 1

η

1
pΔpΔ

s
vP,v  represents the additional 

pressure increase necessary to overcome the internal pump friction, Eq.1 becomes: 

( ) 






 
+−=

s

vm,v
910m,vw,vv

η

pΔv
ttcmQ                                            (2) 

It can be noticed that the pressure loss due to friction on the cold carrying agent side leads to an 

increase in its temperature at the outlet from the evaporator 

 

 

 

 

 

 

 

 
Fig. 2 Evaporator 

 

Defining for the evaporator, in exergetic terms, the product vP  and the resources Fv consumed 

to make it (generically the “fuel” of the evaporator), the exergetic balance equation written with 

an economic tint becomes: 

vvvv ILPF  ++=                                                           (3) 

The thermal part of the total exergy of the cooling power (
TxE ) at the costumer temperature is 

the product of the evaporator. 

( ) 







−−=−=
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lnTttcmxExEP                           (4) 

For the same apparatus the total exergy (
TOTxE ) consumed by the refrigerant represents the 

Fuel. 
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                                                                                     (5) 

Accounting for the exergy loss due to the imperfect mechanical transmission from the electrical 

motor to the water pump and for the heat transferred by the electrical motor to its ambient 

medium, the loss associated to the pump operating becomes: 

elms

vw,vw,v
P,v

ηηη

pΔvm
L




=


                                                       (6) 

The exergy destruction due to friction in the evaporator on the water side is the sum of the 

mechanical work input of the pump and the exergy of the heat generated by friction. 
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                                           (7) 

The exergy destruction due to heat transfer across a temperature difference in the evaporator is: 

vw,v

vw,v
001TΔ,v

TT

TT
TQI



−
=                                                  (8) 

Condenser  

For the condenser of the heat pump the exergy of the heat friction is recovered and added to the 

zonal product cP . The anergy of this heat represents the mechanical energy (exergy) destruction 

due to the irreversibility of friction f,cI
 . 

The exergy balance of the cogeneration system is: 

    ( ) ( ) ++−+−=+++ 1cp
T
11

T
12

T
9

T
10t,2Pt,1Pt,2cpt,1cp IxExExExEWWWW   

+++++++++++ TΔ,v2t1tP,cTΔ,cf,cel,m,2cp2cpel,m,1cp IIILIILIL   

P,vf,v LL  ++                                                                                                          (9) 

Based on energetic and exergetic balance equations, the refrigerating and heating system 

coefficients of performance become: 



+
=

t

1c01

t
W

QQ
η




     (10)                           



+
=

t

T
c

T
v

ex
W

xEΔxEΔ
η




                  (11) 



30 

 

 

Influence of the Variation of the Operating Parameters 

The temperature levels for cooling and heating on the costumer side are given by the project (Fig. 

1). 

The intermediary pressure will be stated based on an optimization criterion. 

The maximization of the coefficients of performance is presented in figure 3. 

It can be noticed that intermediary pressure 2p = 1.5 MPa approximately corresponds to both 

maximum energetic and exergetic efficiency. 

When the temperature level of the thermal agent that takes away the heat in the condenser is kept 

constant, the increase in the condensation temperature cT  and implicitly in the temperature 

difference in the condenser, leads to the decrease in the condenser conductance cK  and 

consequently in its investment cost (figure 4). 

The decrease in the investment cost of the condenser is accompanied by the quick decrease in the 

thermal efficiency tη . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Plot of energetic and exergetic efficiency against the intermediary pressure 
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Fig. 4 Plot of the thermal efficiency and thermal conductance against the condensation 

temperature Tc 

Conclusion 

The exergetic balance of the system states for each one of the apparatuses its “product” and 

“fuel”. For each dissipative zone the exergy losses and destruction are pointed out. 

For the vaporizer the exergy of the heat generated in the friction process has to be removed by 

the refrigeration system increasing in this way the input power of the compressor. 

For the condenser the anergy of the heat generated by friction represents an exergy destruction 

due to friction irreversibility. 

The work states the optimum intermediary pressure at which the system reaches maximum values 

for its coefficients of performance. 

The variation in the thermal conductance and in the related heat exchangers investment cost, at 

the variation in the average temperature difference in the apparatuses, is discussed. 
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Abstract. Waste management system needs a clear and strict management policy. They also need 

a process of evaluating and selecting the most appropriate landfill sites that respect the restrictions 

and constraints dictated by the presence of the population in that area, with respect to ecological 

ecosystems and other factors. In addition to the geographical and geological criteria and other 

specifications that are defined by traditional selection procedures, there are new factors adding 

to the old constraints and limitations. Urban waste is produced in large quantities in our cities, 

every year. As a result, the number of sites should increase with the population growth as well as 

the increase in urban waste products. On the other hand, the eligibility criteria and adding 

constraints and limitations make it more difficult to choose suitable sites. Environmental and 

local and state regulations limit the number of choices as well as areas and volume of sites making 

their selection more difficult, posing a real challenge for specialists. Specialists need to use the 

Geographic Information System (GIS) as well as the method of Multiple Critical Decision 

Analysis (MCDA) to select the most optimal location. Our study aims to apply MCDA integrated 

with GIS to select potential sites for urban waste deposition. The method of hierarchy analysis 

(AHP) will be used to weight and rank the constraints and criteria. This article is part of a potential 

project we are working to propose to Berat County, Albania. 

 

Keywords: site, landfill, mcda, criteria, AHP 

Introduction 

The problem of waste and urban waste is a growing concern all over the world, especially in poor 

and developing countries. However, it is a major problem for countries that do not have a clear 

policy on urban waste management that includes and respect all social, economic, political and 

environmental factors. 

Reducing waste production, increasing the amount or percentage of recycling, processing, waste 

transformation are widely used methods by countries that have achieved an efficient management 

of the problem. Beyond the methods of recycling waste, incineration or dumping, the method of 

underground deposition is referred to landfilling. The process of choosing  the suitable landfill is 

a difficult task because it requires many criteria, policies and restrictions to be respected, and it 

depends on different factors and regulators, whether these political, social, economic, etc. 

Increasing populations and population density, increasing public health concerns, increasing new 

urban centres, roads and water pipes will make the construction of landfills very difficult, but not 

impossible. 

Pollution of surface and groundwater are the main long- term problems that are closely related to 

the environment and the health of the population because there is a great risk of the possibility of 
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contamination of surface water and underground waste from urban waste deposits. These are 

main concerns a team of specialist should consider before they start looking for the landfill sites.  

Methods and Methodology MCDA and AHP.  

The process of selecting the most suitable sites for depositing urban waste is a process that needs 

to take into account several factors that are of geological, social, ecological, economical, etc. 

From a geological point of view, sites suitable for landfill projects are subject to serious criteria 

to make sure that the effects of pollution, particularly groundwater pollution, are minimized, [1].  

Factors that determine the suitability of geological and hydrogeological sites are: 

1. Layer lithology (rock type, stone size characteristics, texture, bed characteristics), geology 

(rock thickness, homogeneity), hydrology (porosity, permeability), geological structure, 

(bedding, folding, defects), hydrogeology (groundwater levels, water distribution, water flow), 

surface (size and discharge of passages passing through the site), topography (steep slope, wind, 

visual impact, etc.). 

The technical decision for the most appropriate landfill assessment needs specialists of different 

fields to work together, using multiple criteria analysis method (MCDA) as well as geographic 

information system (GIS). 

For this purpose, six sites are selected, including the present site. From the first selection, two 

sites are excluded due to the failure of geological criteria. 

To estimate the sites, 12 inputs or criteria are used. They are urban centres, land use, pipes, power 

lines, roads, surface water, slope, streams, surface water, industrial areas, liquid gas pipes, soil 

types. AHP will be used to weight all the factors in order to evaluate the sites. AHP uses the 

pairwise comparison to ranking all the factors.   

Multi-criteria decision analysis techniques. AHP. 

Multi-criteria decision analysis, (MCDA) is a sub- discipline of operations  research, [2].  AHP 

method, (Saaty 1977, 1980 & Saaty and Vargas, 1991) is a well-known method in MCDA, [3]. 

In this method, both quantitative and qualitative information about decision-making problems 

can be organized. AHP is a flexible, quantitative method for selecting among alternatives which 

are based on their relative performance to more than one interest criteria. Criteria weight can be 

defined as a value assigned to each factor which indicates its relative importance to other 

factors under consideration, fig. 1. There are four different techniques when assigning the 

weights: ranking, rating, pairwise comparison and trade of analysis methods. Pairwise 

comparison method has advantages. For each comparison, we decide which of the two criteria 

is more important and assign a score which shows how much more important to other criteria, 

table 1.    MCDA applications have been very useful in strategic planning and choices, 

industrial project assessments such as investment priorities, technology choices, tourism 

development priorities, technological services estimates, etc. Some of its most popular 

applications are; 

• Choosing a Cooler  System for a Power Plant- France, 

• Localization of Wind  Farm Project- France, 

• Personal Financial Planning-  Germany, 

• Bank Rating- Greece, 

• Cost Evaluation of Nuclear Fuel Repository- Belgium    

• Composite Web Site Selection- France.   
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Fig.1 

 

Table 1.  

Buffer Zones.  

1) Residential Areas. 

According to Allen, et al. [4], the distance from the residential areas should be at least 5 km and 

from isolated houses 500 m to find a landfill. 

The buffer zone for a population of more than 500 people was defined as 1000 m.    For other 

centres is 500 m, for private residences, businesses, community and social buildings is 250 m. 

2) Industrial Areas. 

The minimum distance, [5], to the study area was defined as 5 km for residential areas and 250 

m for industrial areas. The industrial zone layer is classified as appropriate or inappropriate by 

defining values 1 and 0 respectively. 

3) Roads 

The minimum distance from the urban or urban transport network is 100 m on both sides, [6]. 

All roads involving main, middle, regional and third class roads should be avoided at least 30 m 

from both sides. A distance greater than 1 km from main roads and highways should be provided. 

4) Airports. 

A distance of 10 to 13 km should be called a safe distance from the flight zone. Taking into 

account these estimates, it is designated as safe distance from the airport at a distance of 3000 m.  

Areas were rated as appropriate for value 1 and not worth 0. 

5) Surface waters. 

The required protection zone for swamp areas is defined as 250 m. 

6) Pipelines. 

Scale for the comparison (Saaty and Vargas), 1991 

Scale  Degree of preference 

1 Equal importance  

3 Moderate importance  

5 Strong importance of one factor over another 

7 Very strong importsnce 

9 Extreme importance  

2,4,6,8 Values for inverse comparison 
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Pipelines taken into account are those of the water supply of the population. The security zone is 

up to a distance of 250 m on both sides. The area is called appropriate or inappropriate by giving 

values of 1 or 0. 

7) Energy lines. 

The security zone is 30 m on both sides of the line. The power line layer is classified as 

appropriate for the site by setting values 1 and 0 respectively. 

8) Water currents, streams, rivers. 

The necessary water currents area is 300 m on both sides, [7]. The surface water layer has been 

classified as appropriate for a waste disposal site with values of 0 and 1. 

9) Liquid gas tubes. 

The indispensable buffer zone for liquid gas pipes is defined as 300 m. 

10) Use of land. 

Types of land use are grouped and evaluated according to their suitability for a site of urban waste 

deposition giving values  0, 5 and 10.  

Study Area.  

Berat County is located in southwest of Albania, the coordinates are: 

North 40 degrees 52'24 ";        South 40 degrees 29'30 “ 

East 20 degrees 10'51 ";           West 19 degrees 44'30 ". 

County covers an area of 1.6 square km city), fig. 2, 3. 

 

Berat is one of the oldest cities in Albania, more than 2400 years ago. The first archaeological 

finds date back to 400 BC. This  makes  it a very important city from the tourist and cultural point 

of view, and a very popular destination for foreign tourists.  

Fig. 2                                                                 Fig. 3. 

 

The population has been reduced due to internal or external emigration, during the years 2003- 

2018. However, urban waste production has been increased because of higher standart of living, 

consumption, construction, tourism, urban development, etc, table 2, fig. 4. 
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Table 2.  

                                                                                                               

                                                                                         Fig. 4. 

 

According to the experience and scientific literature, safe distances and buffer zones are are 

created for urban centres, roads, industrial areas, villages, water pipes,  gas pipelines, for the 

purpose of respecting  landfill assessment criteria, [8]. 

During the selection process, two sites have been excluded for geological reasons.  The remaining 

four sites are further studied for all the criterias. From all the known criterias, railways and oil 

pipelines are exluded. The remainings are;  

Urban centres, main and secondary streets, industrial areas, land use, drinking water pipelines, 

power lines, water and river streams, water surfaces, gas pipelines, land type, land slope, etc.  

Four sites are selected to fullfil the geology criteria, and the present site. They are less than 30 

km of distance from the city, the main production of urban waste. They have been selected out 

of the buffer zones for urban areas, industrial areas, pipes, roads, streams, waters. The sites are 

useless for crops or any other agricultulture productivity, making suitable for further evaluation, 

fig. 5.  

Fig. 5. 

  

Waste production, years, tons. 

Years Ton Cumulative 

2009 36376 36,376 

    2010 45367 81,743 

2011 47898 129,641 

2012 48240 177,881 

2013 48353 226,234 

2014 49230 275,464 

2015 50410 325,874 
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Mathematical model 

As a math model, MCDA model is defined by a set of alternatives, denoted 

by 𝐴 =  {𝐴1,  𝐴2,  . . ,  𝐴𝑚}, and a set of criteria, denoted 𝑏𝑦  𝐶 =  {𝐶1,  𝐶2,  … ,  𝐶𝑛}.  

[
 
 
 
 
 
 

𝑀𝑎𝑡𝑟𝑖𝑥
𝐀𝐋𝐓   𝐶1       𝐶1… .   𝐶𝑛

      𝐴1  𝑎11   𝑎12         𝑎1𝑛
        𝐴2   𝑎21   𝑎22……𝑎2𝑛
         𝐴3   𝑎31   𝑎23  … . . 𝑎3𝑛

      …………………………
        𝐴𝑀   𝑎𝑚1   𝑎𝑚2… . 𝑎𝑚𝑛]

 
 
 
 
 
 

                                                                 (1) 

Test of consistency: The aim of this is to determine if the comparisons are consistent or not.  It 

involves following operations: 

a) Determine the weighted sum vector by multiplying the weight for the first criterion times the 

first column of the original pairwise comparison matrix, then multiply the second weight times 

the second column, the third criterion times the third column of the original matrix, finally sum 

these values over the rows, 

b) Determine the consistenct vector by dividing the weighted sum vector by the criterion weights 

determined previosly. 

c) Compute lanmda (𝜆) which is the average value of the consistenct vector and consistency index 

(CI) and has the formula below: 

 𝐶𝐼 =
𝜆−𝑛

𝑛−1
                                                                                                    (2) 

d) Calculation of the consistency ratio (CR) which is defined as follow: 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
                                                                                                      (3) 

Where RI is the random index and depens on the number of elements being compared.  

If 𝐶𝑅 < 0.10, the ratio indicates a reasonable level of consistency in the pairwise comparison, if 

𝐶𝑅 > 0.10 tha values indicates incosistent judgement.  

Performance matrix is constructed  𝐷 = 𝑎𝑖,𝑗(𝑚𝑥𝑛), fig. 6. 

The criterias are; 

UR = urban centre, IN = industrial areas, ST = streams, WP   = water pipes,  

SW= surface water, LU = land use, AE- airport, ST = soil types, PL = power lines,   

RO = roads, LG = liquid gas pipes, SL = slope. 

As a result of AHP application method of pair wise comparison, we have the crireria weights and 

the matrix, fig. 6.   
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Fig. 6. Matrix and the criteria weights.  

 

The final ranking of the landfill sites is calculated by estimating and calculating safe distances 

from the factors, (buffer zones), table 3. 

   

Table 3. Ranking values calculations. 

 RANK SITE 0 SITE 1 SITE 2 SITE 3 SITE 4 

UR 0 5 6 8 10 

IN 0 1 1 1 1 

ST 0 1 1 1 1 

WP 0 2 5 5 5 

SW 0 4 5 5 5 

LU 3 4 5 5 5 

AE 5 5 6 8 8 

ST 2 5 5 5 5 

PL 2 5 5 5 5 

RO 2 5 8 8 10 

LG 2 4 4 5 5 

SL 5 2 2 3 4 

VALUE 1.75 3.58 4.42 4.92 5.33 
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Conclusion  

The most suitable landfill sites are sites 3, 4. They have suitable geological properties to use as 

landfill sites for urban waste management. They are in safe distances from urban areas, industrial 

zones, pipelines, streams, roads, etc. Both sites are suitable to fulfil Berat County needs for 

landfilling, they are of large areas, they are not far away from main and secondary roads.  

Anyway, the county needs a much better local policy of waste management and a much more 

modern approach from central and local government to deal the urban problems,  starting by 

increasing the recycling percentage, because it is not acceptable to have such a low recycling 

percentage of less than 10%. Albania ranks among last europian countries in the percentage of 

recycling.  

For the purpose of evaluation and selection of the most suitable landfill sites for urban waste, 

Mcda and AHP have been proved to be very useful tools to do the job. They are methods of 

evaluating different alternatives under the conditions to respect all the necessary constraints and 

criteria for the selection of the best solution. 

Further study and evaluation are needed for distant urban centres in order to avoid the not 

necessary cost of transportation. Other solutions may be small landfill sites to cover local needs. 
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Abstract. Actually multi-core processors designs are limited in power consumption and 

performance. Consequently, it is not possible to optimize further the performance without 

increasing power consumption. The main challenge in multi-core processors is the fact that they 

have heterogeneous hardware components. This article will study different technologies for 

implementing multi-core processors in FPGA devices. The minimum requirement to ensure low 

power consumption is parallelism. The purpose of this study is to highlight the latest 

methodologies used in terms of environment, clock signal, testing, flexibility, cost, availability 

and power consumption. 

 

Keywords: processor, FPGA, soft-core, hard-core, power consumption. 

Introduction 

Since digital signal processing (DSP) is integrated into many devices, the need arises to realize 

the most optimal design to meet market demands. Software’s enable design flexibility, allowing 

continuous changes even after the design is over. Software’s are executed sequentially while 

hardware allows execution in parallel. Also, creating integrated circuit for specific applications 

(ASICs) takes a lot of time and after the completion it is impossible to change the design. In this 

case logic programs come to our aid, which provide a good solution by combining hardware and 

software. 

Signal processors have found many applications because of the short time, low power and low 

cost development. Due to the requirements for designing DSP systems, logic programs have 

become very necessary. Due to the development of fabrication technologies, FPGAs feature 

highly programmable logic (CLB) and have become a platform for a wide range of applications. 

Processors typically perform arithmetic actions through computer programs, and the idea to carry 

out these actions through hardware has taken a long time to come to fruition. The FPGA 

development platforms make possible the best possible combination of both cases.  

Configurable hardware’s, like FPGAs, offer very high performance and are therefore much faster 

than ordinary microprocessors. Software multiprocessor technologies utilize valuable resources 

on programmable devices. Based on their suitability and ability to support parallelism, they serve 

as excellent platforms for rapid prototype development and provide ample space for 

multiprocessor design. Often, these microprocessors can be implemented using FPGAs as they 

enable reconfiguration whenever new functionality is needed. The number of processors of the 

signals realized through the software must have a simple architecture that provides good 

performance mainly for not very critical calculations.  

A single-core processor consists of a processor, two or more memory levels, main memory, hard 

disk, and input/output (I/O). Consequently, using cache memories reduces the Time Access 

Memory (MAT) resulting in a better performance. According to Moor's law, which was declared 

in 1965, the number of transistors in a chip would double nearly every year. Moor's law is often 
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cited because it says the performance computer wills double every 18 months. The problem of 

adding more transistors to a chip in the amount of heat generated that exceeds the rate of 

advancement of cool technology. 

Related Work 

Many of multi-core platforms have been proposed lately [1]. Also, various multi-core processor 

architectures with soft-core NIOS II are presented [2]. These platforms are designed to increase 

GOPS efficiency for Watts. One of the famous performance architectures is GPGPU. Fermi 

processor is an example. It consists of 512 cores. Such architectures present some boundaries in 

terms of narrowing access memory as all cores share the same memory and high energy 

consumption, making them unsuitable in the embedded system [3]. 

In this paper authors present a reconfigurable parametric architecture. This work mainly focuses 

on providing a dynamic reconfiguration network by developing a generic connectivity link 

module. PEs used in the design has limited memory and can only perform specific instructions 

required for digital signal processing [4]. Power consumption reduction can be done by 

dynamically empowering idle time [5]. 

The multi-core accelerator for embedded SoCs, called Platform 2012, is presented in [6]. It is 

based on multiple processor sets and works in MIMD mode. A batch can hold a number of PE 

(STxP70-V4 processors) ranging from 1 to 16. P2012 is a Globally Asynchronous Locally 

Synchronous (GALS) structure of arrays linked through a global asynchronous NoC. 

In their article, Martos and Baglivo showed the result of applying the soft-core processor Cortex 

M0 processor to a low FPGA at the end of Xilinx. The processor was simulated at the test bench 

and then successfully tested with an LED intervention application. Mondragon and Christman in 

their paper [7] compared a soft-core processor with a real micro controller. The paper emphasizes 

the trade that can offer both methodologies. Both methods are compared based on the 

environment, visibility to internal signal behavior, testability, design flexibility, cost and 

availability, energy consumption, and so on. Three different control systems apply to FPGAs 

based on soft-core and hard-core and are compared by Weber and Chin on their paper [8]. 

Anemologies & As [9] presented an assessment of the design methods and concepts of soft-core 

processors. A detailed overview of soft Xilinx Micro Kindle software, as well as soft-core 

applications of fixed fixed processors such as Intel and Pentium Z80. Also discussed are the pros 

and cons of FPGAs on ASICs. In the white paper by Sandia National Laboratories [10], the author 

compared three reconfigurable FPGA micro-processor software’s, with Leon3.  

Miney & Kukenska [11] study the application of soft-core processors in FPGAs and some of the 

decisions and trade designations to be made during the design process. It looks at the operational 

performance as well as the power needed to implement the functionality of the design system.  

Salem, Othman & Saoud [12] implemented a real-time.The operating system on both hard-core 

and Soft-core processors and used them to control a DC engine car. 

In his paper, Prado [13] presented a comparison of the speed, power, flexibility and cost between 

a microprocessor and its soft-core version. Soft-core developed by the University of 

Massachusetts compares with a powerful micro controller PIC16F84. The soft core was found to 

dominate the microcontroller with a velocity factor of 6.9 and energy consumption with a factor 

of 28. 

https://www.hindawi.com/journals/ijrc/2014/979327/#B33
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Multi-core processors architecture 

Nowadays, CPUs can be categorized by the number of cores in 3 types: single, multi and many. 

Based on these, it is expected that the number of cores between multi-core CPUs and many-

nuclear CPUs will increase. At present, CPUs with a core can only be found in low power 

solutions, but also there, the minimum seems to be 2 (one for the tasks and one for the operating 

system). The main reason was the frequency clock, which made it impossible to get to 10 MHz 

and up processors. The I7-2600 from 2011 has a 1921 single point in the Passmark thread where 

the fastest CPU, Intel Core i7-7740X 2017, delivers 2652. The multi-core CPU, with 2 to 8 cores, 

now are the standard for high performance and fast calculation speed.  

ARM came later with double commercial Cortex-A9. While operating systems could plan 

different tasks in different cores, the software package required years to reach. The program may 

be delayed because there were still improvements in the CPU by increasing the clock signal 

(many pipelines). 4-core CPUs arose only a few years ago and 8-core CPUs are still high cost 

CPU. We can expect the core calculations for computers, laptops, tablets, and smart phones to 

hold between 4 and 8 cores for years to come. 10-64 CPU Core Virtualization CPUs should 

address many topics at the same time. CPUs simply had a very high GFLOPS to be competitive 

in parallel code. That depends on the options that AMD, Intel and IBM see how this will develop 

exactly.  

For example, the low-power multi-core processors, called grid processors perform very well tasks 

such as video encoding, signal processing, cryptography, and neural networks. To meet the high 

performance requirements of embedded multimedia applications, integrated systems are 

integrating multiple processing units. However, they are mainly based on the methodology of 

custom logic design. A multi-core processor which contains one, two or more processors to 

improve performance and more efficient processing of multiple tasks is a growing industry trend 

in core processors. A basic block scheme of a multi-core generic processor is shown in Figure 1. 
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Fig. 4. Block diagram of a multi-core processor 

Power consumption: hard-core vs. soft-core 

The embedded system design is an issue between software and hardware. On one side, hardware 

is the part that really works, but on the other side, the operating system does functionality and 

tends to be software, with hardware that supports this effort.. FPGA board contents memories in 

different size, I/O and other parts of the support devices are provided to address the needs of the 

functions that need to be executed by the software. Some other IP are used to complete the designs 

on both soft-core and hard-core based designs. Once the design is completed in HDL, Xilinx 

Vivado is used to compile and convert the HDL program into a physical design that can be applied 

to FPGA devices. This includes several steps such as synthesis, simulation, implementation, and 

finally generation of bits current. Synthesis is the process of transforming a specified RTL design 

into a port level representation. After their synthesis, modules were simulated individually to 

verify their functionality. Implementation starts when the simulation is successful.  

The flow diagram for the different stages throughout the design process: stage 1 was Hardware 

Identification, where development boards, soft-core processors, and hard-core processors were 

deployed. In stage 2, RTL design is done in Verilog/VHDL followed by functional verification 

by simulation. Phase 3 consists of the application software script (in programming C) that goes 

into the processor. Stage 4 is where we bring together hardware, software and testing equipment 

Cortex M0 and Cortex A9 to start testing for the application. Both development boards are tested 

individually and later side by side to compare performance. At stage 5 we collect data to compare 

and evaluate two designs. At stage 6, we use the data collected to analyze and find for and against 

any design (hard-core and soft-core). Xilinx Vivado has the ability to demonstrate design power 

rating after execution of the implementation phase. This is done on both Soft-core and Hard-core 

maps and the results are presented in Figure 2 and Figure 3. 
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Memory 
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Fig. 2. Power consumption of soft-core based design 

 

 
Fig. 3. Power consumption of hard-core based design 

Conclusions 

In this article, we have introduced a soft-core and hard-core multi-core implementation on the 

FPGA device and power consumption of both of them tested over a VHDL design. In the future 

we will also study the effect of the different operating systems. In this work we have compiled 

an application to compare two types of FPGA embedded processors, such as soft-core and hard-

core. Hard-core has exceeded soft-core in both the speed and resource utilization parameter. The 

hard-core processor is not limited by the FPGA speed as in the case of soft-core.  

However, in the case of soft-core power consumption comes because the Cortex M0 in Nexys 

processor consumes more energy. Thus, we can see that the hard-core processor Cortex A9 is 

most suitable for applications where speed and resource minimization are an effort, while soft-

core processors should be preferred when application flexibility is of major concern. 
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Abstract. The rapid growth of our city Prizren and urban problems, especially those of sewage, 

resulted in the pollution of the Lumbardhi River, since urban wastewater was not treated in 

advance until the year 2017, therefore in 2018 the collectors were built aimed at mitigating river 

pollution. Therefore, the purpose of the paper is to compare and evaluate some basic physico - 

chemical pollution indicators without treatment of urban waste water in 2017 with those treated 

with collectors of the year 2018. 

The physico - chemical parameters to be treated are: Content of Dissolved Solid Substances in 

Water (DSS) that limits the use of water for irrigation and industrial purposes, BOD5 level that 

is not suitable for the life of living things that require oxygen, Chemical Oxygen Demand (COD) 

that is a parameter which is used to measure the content of organic substances in urban and 

industrial water remains, and the total organic carbon (TOC). The monitoring points of the 

physical and chemical analyzes in our study in Lumbardhi are: Entrance to the city - Marashi 

(L1), City Center - Municipal Assembly (L2) and City Suburb  - Vlashnje (L3). 

 

Keywords: Dissolved Suspensive Substances (DSS), Biochemical Oxygen 

Demand/Consumption (BOD5), Chemical Oxygen Demand (COD), Total Organic Carbon 

(TOC).  

Introduction 

The Lumbardhi River of Prizren has leakage of the mountain river, which by 2017 has no 

municipal and industrial wastewater treatment plants. Urban waters are one of the main pollutants 

of surface and underground waters. Treatment of urban and industrial discharged waters in 

Prizren practically started in 2018, initially with the construction of collectors. 

 So our city is also expecting big obligations, especially in relation to the fulfillment of the EU 

directives (Directive 91/271 / EEC on Urban Wastewater Treatment) and the fulfillment of other 

international obligations. Therefore, the municipality of Prizren currently has a strategy for 

wastewater management and the creation of functional mechanisms by building a sewage 

treatment plant which will be completed in 2018/19 and then I believe that with regard to urban 

discharges in the future we will have an excellent performance without pollution. So in this paper 

we are examining the Lumbardhi - River pollution based on the physico - chemical parameters 

of the discharge waters during the same time intervals May - June for different years (2017 - 

2018). 
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Material and methods 

In our study we have sampled in places where there is more noticeable urban pollution. Entries 

to the City - Marashi (L1), City Center - Municipal Assembly (L2) and city Suburb - Vlashnje 

(L3). Monitoring of Lumbardhi's pollution was done at intervals of time: May-June 2017 and 

2018, taking average values from these Lumbardhi sampling sites and compare them. The 

methods applied in the physico-chemical analyzes of water quality at the monitoring points are 

based on the European Union guidelines for the quality of surface waters. Based on the maximum 

allowed values of WHO (World Health Organization), the comparison of their physico-chemical 

values with the values obtained from our laboratory analyzes is presented in the tables and 

diagrams. 

Sample 

Samples for laboratory analyzes for the determination of physical and chemical characteristics of 

Lumbardhi of Prizren are done at three locations (sampling sites) Figure 1.: Entrance to the city 

- Marashi (L1), City Center - (L2) and City Suburb - Vlashnje (L3). 
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Figure 1. Map of sampling sites 

 

Results and discussions 

1. Some general physical and chemical characteristics of urban waste water and their comparison 

for the year 2017 and 2018 in Lumbardhi of Prizren 
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Figure 2. Graphic presentation of concentrations of DSS (dissolved suspensive substances) and 

their comparison in the time interval 2017 – 2018 

 

Referring to the data of 2017 in Figure 2 it is noticed that, apart from the sampling sites: L1 and 

L2, where the quality of the waters is good, whereas in the L3 sampling site this quality is of low 

level. This is due to the pollution of water from various sources of pollutants during its flow. At 

the third sampling site Vlashnje there is a huge increase in DSS which means that there is a 

serious pollution from the urban liquid discharges. But with the construction of the collectors in 

2018 it is noticed that there is a pollution prevention and the values according to Figure 2, show 

a decrease. 

 

 
Figure 3. Graphic presentation of the COD concentrations (chemical oxygen demand) and their 

comparison in the time interval 2017 – 2018 
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 Referring to the COD indicators for the year 2017 in Figure 3 it is noted that at the sampling 

sites: L1, the water quality is good, whilst at other monitoring sites L2 and L3 the water quality 

varies from average to the lower ones. It is noted that the values of the COD indicator are 

increasing from the first sampling site to the third sampling site, so there is a large increase of 

COD, which means there is a serious pollution from urban liquids, household discharges. By 

comparing these values with the values gained in 2018, there is a decrease in the pollutant 

parameters, which means that a collector treatment has an impact on water quality. 

 

 
Figure 4. Graphic presentation of BOD5 concentrations (biochemical oxygen demand) and 

their comparison in the time interval 2017 – 2018 

 
Also referring to the data for the year 2017 in Figure 4 it is noticed that, apart from the resources: 

L1, compared to the sampling site L2 and L3 of the source, where the water quality is good, at 

the other monitoring sites this quality varies from the values of the higher levels. It is noted that 

the BOD5 indicator values are increasing from the first to the third sampling sites. But compared 

with the values gained in 2018, there is a significant increase in BOD5, which means that the 

construction of the collectors has resulted positively in the prevention of pollution. 
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Figure 5. Graphical presentation of concentrations of TOC (Total Organic Carbon) and their 

comparison in the time interval 2017 - 2018  

 
Referring to the data in Figure 5 it is noted that for the sampling sites: L1, L2 and L3. Total 

Organic Carbon has improved over the years, compared to water quality between 2017 and 2018, 

water quality at the monitoring sites has improved significantly. 

Conclusions 

 Based on the analyzes and the values gained, we think that we have managed to qualitatively 

determine the pollution of the river Lumbardhi for the year 2017 and the reduction of the pollution 

by the collectors in the year 2018. 

 During physical chemical quality analyzes of samples taken at the sampling sites there are 

variations of DSS, COD, BOD5 and TOC. 

Therefore, we think that with this increase of citizen awareness, and the increase of municipal 

performance, and by finalizing of the Wastewater Plant, our city will no longer have such 

problems. 

So, hopefully we will finally have an important environmental deed. 
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Abstract. Energy and its production today has become one of the most controversial topics. 

Power plants around the world produce energy with different sources, but so far there is no energy 

source that can make competition with coal for many years and for many reasons. Even though 

power plants with this kind of fuel have their own advantages, the biggest drawbacks are the 

release of hazardous and toxic substances. These emission components negatively affect the 

environment and for this reason in many countries of the world, are described the limits of the 

emitting rate. For this purpose, in this paper there will be analyzed methods which may result in 

the reduction of emissions and the adjustment of power plant efficiency especially in the steam 

generator as one of the main parts. 

 

Keywords: Energy, Power Plants, Steam Generator, NOx emissions 

 

Introduction 

Coal is considered as the most widely used fuels and according to statistics it is said to be around 

75% of the energy supply in many parts of the world. The work of power plants that use coal as 

a fuel has a deficiency and it is the emission of nitrogen oxides. As day to day, the release of such 

oxides is increasing, there are arising concerns about the quality of air and health in general. Since 

such emissions are a big concern related to many life issues, then for their reduction, a change 

should be made. During the combustion process, we have the desire to use the energy of the fuel 

to the maximum. Also by exploring for changing the operation of the combustion equipment, we 

must make sure that we do not increase the risk of emissions of other substances and that this 

modification will affect the breakdown or deterioration of the working process and flexibility. In 

this paper, there will be analyzed some of the methods that can be applied in order to control 

emissions of harmful components in accordance with established standards and rules. 

NOx emissions and methods of its reduction in Steam Generator 

NOx is produced from the reaction of nitrogen and oxygen gases in the air during combustion, 

especially at high temperatures [1]. This component, in addition to negative effects on health, has 

negative effects on ecosystems as well. Investigations on the side effects of the use of fossil fuels 

that accompany the release of these materials have been made years ago, when somewhere 

between 1990, the introduction of an emission reduction method resulted in a satisfactory 

reduction of NOx. So far, some proposals have been made for methods that help reduce the 
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quantity of such components. For controlling NOx emissions, there are usually approached 

Combustion Control and Post- Combustion Control. Combustion controls reduce the level of 

NOX emissions by altering or modifying the firing conditions under which combustion is 

achieved [2]. Post-combustion controls reduce the level of NOx emissions by converting the NOx 

formed during combustion to nitrogen (N2) gas [2] and this group includes: SNCR (selective 

non-Catalytic Reduction) and SCR (Selective Catalytic Reduction). In general, some of the 

methods that control nitrogen oxide emissions are the following: 

• Burner Optimization 

• Low NOx burners 

• OFA(Over Fire Air) 

• Flue Gas Recirculation 

• Low Excess Air 

Burner Optimization: The burner optimization for reducing NOx is made by making changes in 

operating conditions. By modifying the mills, air and fuel balance, a significant reduction in NOx 

emissions can be achieved.  

Low NOx burners: Low-NOx burners are designed to reduce the peak flame temperature by 

inducing recirculation zones, staging combustion zones and reducing local oxygen 

concentrations. 

 

 
 

Fig. 1. Low NOx burner [3] 

OFA (Over Fire Air): OFA- over Fire Air or two stage combustion is a way of including over 

firing air in boilers where the air is divided into primary and secondary sections. The OFA allows 

to obtain an amount of combustion air from the primary combustion zone. Primary air is mixed 

with fuel while secondary air is introduced through the air nozzles above the combustion zone. 

The purpose of an OFA system is to reduce NOx emissions from the boiler by staging the 

combustion process. A portion of the secondary air is diverted from the burner front to a series 

of OFA ports that are located above the burners. As a result, the burners are fired with less than 

the total amount of air needed for completed combustion. 
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Fig. 2. OFA Scheme [2] 

 

Flue Gas Recirculation: Flue gas recirculation is a highly efficient technique for reducing NOx. 

This method has been implemented for a long time and operates according to the principle of 

recirculation of flue gases from the boiler exhaust duct into the main combustion chamber. The 

higher the heat capacity of the flue gases, the greater the reduction, a higher amount of flue gases 

is equal to a lower flam, a lower flame temperature is equal to less NOx [4]. This technique is the 

best when it comes to manage costs and benefits. Its main advantages are: there is allowed the 

perfect correct flow of flue gas for any operation condition and it also can turn down with the 

firing rate of the burner, its cost comparing to other NOx reduction system, is lower etc. Apart 

from the advantages this method has also disadvantages and one of them is the potential loss of 

flame stability. 
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Fig. 3. Flue Gas Recirculation Scheme [2] 

 

Low Excess Air: The excess air in boilers is among the main factors of NOx creation. Thus, low 

air-firing has been introduced, which reduces NOx to a nice percentage The NOx creation rate 

typically peaks at excess oxygen levels of 5 – 7% where the combination of high combustion 

temperatures and the higher oxygen concentrations act together. Thus, through the LEA, the 

limitation of excess air entering the combustion process is made so as not to result in excessive 

amounts of nitrogen and oxygen entering the flame. 

SNCR (Selective non-Catalytic Reduction): Is a method of reducing NOx by incorporating 

substances such as ammonia or urea into the flue gas. If the temperatures are lower than the 

optimal ones, then the opposite occurs, there increases the NOx emission. Temperature, residence 

time, type of NOx reducing reagent, reagent injection rate, uncontrolled NOx level, distribution 

of the reagent in the flue gas, and CO and O2 concentrations all affect the reduction efficiency of 

the SNCR [5]. 
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Fig. 4. SNCR [3] 

 

SCR (Selective Catalytic Reduction): This is an advanced system for reducing NOx through the 

use of a liquid (in this case) ammonia. The catalyst allows the ammonia to reduce NOx levels at 

lower exhaust temperatures than selective non-catalytic reduction. The technology is that the 

ammonia or the appropriate nitrogen compounds which are blown into the SCR reactor reduce 

the NOX to the N2 and H2O under the catalysis of the metal catalyst [6]. 

 

 
 

Fig. 5. SCR [3] 
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Conclusion 

In this paper are shown some of the methods and technologies that have been used in recent years 

and which are of great importance because they help to reduce the risk of being threatened by the 

environment of health issues in general. Even though these methods have some drawbacks, they 

are efficient and through their application NOx values can be reduced to high percentages. These 

methods are likely to combine among themselves and thus can achieve a reduction of up to 80%. 
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