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Abstract: The evaluation and ranking of recycling technologies for each treated waste with 

respects to many different criteria has important results for the management team of any 

recycling center. Improvement of business strategy is based on the obtained rank of 

recycling technologies. It represents a key success factor for a recycling center in dealing 

with crisis. Uncertainties in: relative importance of evaluation criteria and priority of 

recycling technologies under each criterion are described by triangular fuzzy numbers. 

Relative importance of evaluation criteria is stated by fuzzy pair-wise comparison matrices. 

Determining of elements values of these matrices can be considered as a fuzzy group 

decision making problem. Aggregation of individual opinions into group consensus is 

performed by using fuzzy averaging method and Fuzzy Ordered Weighted Aggregation 

(FOWA,) Operator Fuzzy Analytic Hierarchy Process (FAHP) is used for determination of 

rank of recycling technologies with respects to evaluation criteria and its weights. 

Proposed model is tested by example with real life data. 
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1 Introduction 

Theory and management of good practice has shown a strong interest in the 

domain of waste management, regulated by laws and standard ISO 14000 in the 

large number of developed and developing countries. During the last few decades, 

it has been frequently employed in order to establish mechanisms for 

environmental protection, reducing usage of natural resources, profit increase and 

better competitive positioning of any enterprise. Consequently, it is possible to 

realize economic sustainability of every country, meeting ecology standards, by 

using recyclable materials and applying these different recycling technologies. 

Many and varied types of uncertainty exist in a treated problem. The term 

uncertainty implies that in a certain situation, a person does not have a tendency, 

indication or they lack ability to analyze information which quantitatively and 

qualitatively is appropriate to describe, prescribe or predict deterministically and 

numerically a system, its behavior or other characteristic [23]. It is assumed that 

these uncertainties are far better judged by using linguistic expressions than by 

representing them in terms of precise numbers. It is very useful in situations, 

which are too complex or not well defined to be reasonably described in 

conventional quantitative expressions [23]. 

The main contribution of this paper is the introduction of a fuzzy group decision 

making approach and fuzzy AHP for ranking of recycling technologies for each 

selected type of waist. In the literature, there are many developed approaches for 

handling FAHP. Chang introduced a new approach with use of triangular fuzzy 

numbers for pair-wise comparison scale of FAHP, and use of the extent analysis 

method for synthetic extent value of the pair-wise comparison [5]. Use of a 

developed approach does not involve cumbersome mathematical operations, and it 

has the ability to capture the vagueness of human thinking style. With respects to 

opinion, the authors of this paper suggested that fuzzy AHP is appropriate for 

evaluation and selection of recycling technologies with respect to numerous 

evaluation criteria and its relative importance in an uncertain environment. 

The paper is organized in the following way. The literature review is presented in 

Section 2. The model framework, modelling of uncertainties and base of fuzzy 

Analytic Hierarchical Process which is introduced in [5] is given in Section 3. In 

Section 4, a proposed model is illustrated by an example with real-life data. 

Conclusions are presented in Section 5. 

2 Literature Review 

In the literature, many papers used to describe recycling technologies of different 

waste types can be found in [10]; [20]; [7]; [3]. Evaluation criteria of recycling 

technologies of each waste type are determined by experts and stakeholders of 
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each RC. It is assumed that choice of recycling technology for each type of waste 

is based on knowledge, experience of waste management and stakeholders of RCs. 

Evaluation and selection of recycling technologies presents one of the most 

important management tasks of a recycling center (RCMT).  By respecting 

selected recycling technology, necessary finances for supply of recycling 

equipment, could be determined by review of personal capacity, quantity of 

recycling material, etc. Strategy for the increase of quality of management of RCs 

(one of the requirements of ISO 9000:2008), and strategy of sustainable regional 

development may be based on the obtained results. This approach is used for 

explanation importance of the problem. 

Solutions of the decision making problems which belong to different research 

areas are obtained by using proposed FAHP [5]. For instance, Kahraman et al. 

considered selecting of the location facility [12]. Erensal et al. have determined 

key capabilities in technology management [9]. Environmental risk management 

as part of risk analysis is treated in [21]. Chan and Kumar used FAHP in selection 

and ranking the best global supplier for a manufacturing firm to supply one of its 

most critical parts used in assembling process [6]. The priorities of organizational 

capital measurement indicators are determined in [4]. Assessment of water 

management plans in the one region of Brazil is considered in [18].  

By comparing papers that propose a modified FAHP, certain differences can be 

noted, which are further described. This analysis, at the same time, shows 

advantages of the proposed model. 

Selection evaluation criteria can be given according to literature data (by analogy 

Kahraman et al., [12]; Erensal et al. [9]; Seçme et al. [17]; Srđević and Medeiros, 

[18]) or results of good practice (by Tesfamariam and Sadiq []21; Chan and 

Kumar [6]; Bozbura and Beskese [4]). In this paper, the assumption is introduced 

that evaluation criteria may be selected according to assessment of stakeholders. 

Many authors suggest that rating of the relative importance of criteria and 

priorities of attribute should be stated as fuzzy group decision making problem. 

Aggregation of individual opinions into a group consensus can be performed by 

applying different methods, for instance by using the method of fuzzy average 

value (Kaya and Kahraman, [13]; Tadić et al. [19]) and the fuzzy ordered weight 

method (FOWA) (Merigó and Gil-Lafuente [16]) in [1]. In this paper, aggregation 

of opinions of RCMTs is performed by fuzzy averaging method. The aggregated 

assessment of stakeholder is given by FOWA. With respect to nature of 

considered problem, these operators are used in this paper. 

The modelling of the relative importance of criteria and priority of alternative is 

based on the fuzzy set theory. These decision variables are presented by triangular 

fuzzy numbers (TFNs) in all analyzed papers. Respecting this fact, in this paper is 

the introduced assumption that uncertainty should be modelled by TFNs. In the 

considered papers, criteria weights are determined by using FAHP which is 
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proposed in [5]. In this paper, FAHP (by analogy [5]) is applied for determining 

criteria weights. 

The main difference and significant contribution of the proposed FAHP that has 

been analyzed in this section, is calculation of values of elements of fuzzy pair-

wise comparison matrices. In the authors’ opinion, introduced modifications of 

FAHP provide significantly more reliable information to decision makers than the 

proposed FAHP which can be seen in the literature. Therefore, RCMTs may 

determine the best recycling technology for each waste type. 

3 Methodology 

The evaluation and choosing of recycling technologies for each identified waste 

type is based as multi-criteria optimization task under uncertainties. The 

assessments of decision makers are described by linguistic expressions. It is 

assumed that it is a closer to human way of thinking that assessments are made by 

decision makers are represented by using linguistic expressions than precise 

numbers. In this paper, existing uncertainties are modelled by using fuzzy set 

theory [15]; [23]. In the literature, the TFNs are widely used for modelling 

different uncertainties. TFNs offer a good compromise between descriptive power 

and computational simplicity. In this paper, with respect to the type and size of the 

considered problem and results of investigators, five linguistic expressions are 

used, at the most, assigned to the existing linguistic variables. Ranking of 

recycling technologies for each identified waste type with respect to pre-defined 

evaluation criteria and their weights is given by applied FAHP, which is proposed 

in [5]. In literature this method is used in many papers where different problems of 

fuzzy multi-tasking decision making are described [17]; [22]; [13]; [19]. 

3.1 The Mathematical Formulation of Treated Problem 

In this paper, reverse logistic chain (RLC) consists of a few recycling centers 

which can be presented by set indices Ω={1...ј...Ј}. The total number of recycling 

centers (RCs) of considered RLC is denoted as J, and j, j=1,…,J is index of 

recycling center. In general, waste is presented by set of indices ={1...i...I}, 

where the index of waste type is denoted as i and I is the total number of identified 

waste types. Each waste type i, i=1,..,I at the each RC j, j=1,.,,J can be recycled by 

applying different recycling technologies. Recycling technology is determined for 

each type of waste, separately. Data base of recycling theory and their 

characteristics (capacity, economy characteristics, ecology characteristics, (Data 

bases are made by domestic and international waste management associations) 

employment, etc.), exists. Recycling technology of each waste type are defined by 

RCMT. Assessment of RCMT is based on experience, knowledge, and the initial 

prediction of RCMT. The recycling technologies which can be used for recycling 
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of waste type i, i=1,..,I are presented by set of indices  ii Tt,..,,....,1 . The 

index of recycling technology of each waste type i, i=1,..,I is denoted as 

iT,..,1t,t   and I,..,1i,Ti   is the total number of defined recycling technologies 

for waste type i, i=1,..,I. Evaluation of recycling technologies for any identified 

waste types is performed with respects to many criteria. The kind and number of 

evaluation criteria are defined by literature sources. Formally, the evaluation 

criteria are presented by set indices  Kk  ,,,1 , where k is index of 

evaluation criteria and K is the total number of evaluation criteria. It can be 

assumed that all the criteria for evaluating selected recycling technologies of each 

waste type are usually not of the same relative importance, and do not depend on 

the recycling technologies. 

The fuzzy rating of the relative importance of each pair of evaluation criteria is 

performed by stakeholders at the recycling center level (general managers of 

recycling centers, managers of local administrations, and the main technology 

staff of recycling centers). It is supposed that stakeholders at the recycling center 

level make decisions by consensus. It is assumed that stakeholders of different 

RCs are not equal, as far as,relative importance. This assumption is introduced 

because of economy development, and quantity of waste and its morphology 

generated in different regions are not the same. The aggregation of judgements of 

stakeholders of considered RCs is performed by Fuzzy Ordered Aggregated 

Operation (FOWA) [16]. The fuzzy rating of each pair of recycling technologies 

under each pre-defined criterion is performed by RCMT (main manager, 

technology staff, manager of ecology, and financial manager). The aggregation of 

individual opinions of RCMTs into group consensus can be given by fuzzy 

averaging method. 

3.2 Modelling of Uncertainties 

Fuzzy pair-wise comparison matrix of the relative importance of evaluation 

criteria and treated recycling technological are stated by analogy [14]; [1]. 

In this paper, the fuzzy rating of stakeholders of each RC is described by linguistic 

expressions which can be represented as TFN  j

kk

j

kk

j

kk

j

kk

~

'''
' u,m,l;xW  . Value 1 

marks the evaluation criterion k over evaluation criterion k՜, k, k՜=1,  … , K՜; k ≠ 

k՜, has lower importance. On the other hand, the value 9 denotes that evaluation 

criterion k over evaluation criterion k՜, k, k՜=1, … , K՜; k ≠ k՜ has the most 

importance. If strong relative importance of criterion k՜ over criterion k holds, 

then pair-wise comparison scale can be represented by the TFB 
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importance criterion k over criterion  is represented by single point 1 which is a 

triangular fuzzy number (1,1,1). Similarly,, the preference of recycling technology 

t over recycling technology t՜, t, t՜ = 1, … , Ti; t ≠ t՜ are assessed by RCMT e, 

e=1,..,E by using  pre-defined linguistic expressions. These linguistic expressions 

are modeled by triangular fuzzy numbers which are given in the following way: 

Very low level importance / preferred (VL)- (x; 1. 1. 5.5) 

Low level importance / preferred (L)- (x; 1, 3, 9) 

Middle level importance / preferred (М)- (x;1, 5, 9) 

High level importance / preferred (HV)- (x; 1, 7, 9) 

Very high level importance / preferred (VH) – (x; 4.5, 9, 9) 

3.3 The Proposed Algorithm 

The proposed procedure can be realized through steps. 

Step 1. The fuzzy pair-wise comparison matrix of the relative importance of 

evaluation criteria for each RC are stated: 
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Step 2. Aggregation of individual judgements of stakeholders of RCs is obtained 

by applying FOWA: 
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Step 3. The aggregated fuzzy rating of the priority of each pair of recycling 

technologies is given by using the fuzzy averaging method: 
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Step 4. Calculate the criteria priority weights for each RC j, j=1,…,J and recycling 

technologies priority preferences [5]. The weights vector represented is obtained 

by applying the  method for fuzzy numbers comparison [2]; [8]. 

In a similar way, the normalized priorities vector of recycling technologies for 

waste type i, i=1,..,I under each identified evaluation criteria and for each waste 

type is: 

 

Step 5. The fuzzy composite priorities of the recycling technology for waste type i, 

i=1,..,I is given: 





K

k

i
tkit kvwz

1
,  

Step 6. Organize all itz ,  in descending sequence. Recycling technology first in 

sequence could be considered the best for that type of waste о i, i=1,.,I. 

4 Case Study 

Developed model is tested on real life data which are obtained from the region of 

West Balkan. There are six recycling centers (see Fig. 1). Recycling centers ј=1 

and ј=2 are in region of Zvornik, in the region Brcko is the recycling center 

denoted as ј=3, recycle centers ј=4 and ј=5 are in Tuzla and recycling center ј=6 is 

in Trebinje. 

The proposed model is tested by data from the social industry. Participation of 

building industry in social product of the considered region of West Balcan is 

about 15%-20%. It could be said that building industries are taking a greater part 

in the definition of the regional development strategy. The waste is classified 

according to Schedule of categories of waste (Officia lGazzete Bosnia and 

Hercegovina No. 9/05). Choosing waste types treated in the paper is based on 

stakeholder’s assessment and forecasted waste quantities. The six waste types: 

concrete (I=1), brick (I=2), tile (I=3), rubber (I=4), plastics (I=5), and ash (I=6). 

Choosing of these waste types is performed with respect to two criteria: (1) 

estimated waste qualities which are stored and recycling in the treated RCs, and 

(2) demand for recycles which are obtained by applying recycling technologies. 

Recycling technologies for each specific type of waste are defined according to 

the existing data base of recycling technologies and presented in Table 1. 

Table 1 

Possible recycling technologies for every type of the waste 
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Type  

of waste 

Possible recycling technologies 

i=1 mobile recycling technologies; mobile technologies for recycling and 

separation; mobile recycling technologies, selection and separation 

i=2 cleaning for reusing; cleaning for reusing and selection; processing bricks for 

reuse 

I=3 cleaning for reusing; cleaning for reusing and selectin; processing bricks for 

reuse 

i=4 grinding process; grinding process and separation; grinding and pyrolysis  

i=5 selection; grinding process, process of pressing;  

i=6 ash separation; recycling of flying ash; slug recycling; recycling and pressing 

The number and kind of criteria used to determine mark of recycling technologies 

for each waste type are defined by administrations of Bosnia and Hercegovina, 

provinces, city administrations, owner of each considered recycling center, 

recycling equipment manufactories, etc. The evaluation criteria are: employment 

level (k=1), quantities of waste (k=2), environment impact (k=3), sustainable 

development of city and province (k=4), social cohesiveness  of province (k=5), 

enrolment of people from different social categories (k=6), level of usage of waste 

material (k=7), compliance with  European Union Standards considering waste 

management (k=8), support of domestic industry (k=9), level of soil usage (k=10), 

innovation ability of local providers (k=11),  level of dependence based on 

imported material (k=12), and  relation of price between recycled resource and  

price of resource on market (k=13).      

With respect to number of populations in a considered region, kinds of industrial 

enterprises which exists in provinces, it is assumed that the relative importance of 

evaluation criteria may be defined for a group of RCs. The treated RCs are divided 

into three groups: the first group consists of three RCs (j=1; ј=2; ј=6). The 

recycling center (ј=3) presents the second group of recycling centers. The third 

group of recycling centers consists of two recycling centers (ј=4; ј=5). 

The normalized weights vector of evaluation criteria is: 

W = ( 0.103 , 0.085, 0.085, 0.107, 0.066, 0.077, 0.106, 0.095, 0.075, 0.035, 0.033, 

0.034, 0.100) 

The priorities of recycling technologies of each considered waste type under each 

evaluation criterion is calculated and presented in the following tables. 

Table 2 

The priorities of the recycling technologies under each evaluation criterion 
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Vector priorities of 

recycling technologies 

for waste type i=1 

Vector priorities of 

recycling technologies 

for waste type i=2 and 

i=3 

Vector priorities of 

recycling technologies 

for waste type i=4 

k=1 [0.191,0.348,0.461]T [0.333,0.333,0.333]T [0.207,0.387,0.406]T 

k=2 [0.179,0.247,0.574]T [0.202,0.388,0.410]T [0.175,0.396,0.429]T 

k=3 [0.258,0.334,0.408]T [0.333,0.333,0.333]T [0.447,0.297,0.256]T  

k=4 [0.158,0.392,0.479]T [0.307,0.336,0.362]T [0.296,0.307,0.398]T 

k=5 [0.161,0.375,0.463]T [0.291,0.338,0.371]T [0.180,0.371,0.449]T  

k=6 [0.151,0.378,0.471]T  [0.204,0.320,0.476]T  [0.189,0.373,0.439]T  

k=7 [0.122,0.352,0.526]T  [0.333,0.333,0.333]T  [0.301,0.329,0.370]T  

k=8 [0.233,0.323,0.444]T  [0.282,0.332,0.385]T  [0.279,0.350,0.371]T  

k=9 [0.215,0.278,0.507]T  [0.215,0.271,0.513]T  [0.275,0.354,0.371]T  

k=10 [0.210,0.280,0,510]T  [0.333,0.333,0.333]T  [0.419,0.373,0.208]T  

k=11 [0.291,0.332,0.377]T  [0.241,0.305,0.454]T  [0.333,0.333,0.333]T  

k=12 [0.333,0.333,0.333]T  [0.333,0.333,0.333]T  [0.333,0.333,0.333]T  

k=13 [0.258,0.326,0.416]T  [0.557,0.370,0.073]T  [0.333,0.333,0.333]T  

By using the proposed algorithm (Step 5 and Step 6), the fuzzy composite 

priorities of the recycling technology and their rank is presented. 

Applying (t3 1) we get have a concrete of a different granulation which has a 

higher market value than a recycled one, obtained by using an additional two other 

methods. Placed first, in the ranking is recycling technology (t3 1). Choosing 

recycling technology corresponds certain rank. The main constrain of applying 

this recycling technology regards to RC financial resources. 

Table 3 

The priorities of the recycling technologies under each evaluation criterion (continue) 

 

Vector priorities of 

recycling technologies for 

waste type i=5 

Vector priorities of recycling 

technologies for waste type 

i=6 

k=1 [0.247,0.345,0.408]T  [0.170,0.200,0.319,0.311]T  
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k=2 [0.187,0.370,0.443]T  [0.250,0.250,0.250,0.250]T  

k=3 [0.378,0.348,0.274]T  [0.118,0.221,0.323,0.318]T  

k=4 [0.247,0.338,0.415]T  [0.179,0.372,0.224,0.224]T  

k=5 [0.215,0.363,0.421]T  [0.161,0.386,0.227,0.227]T  

k=6 [0.150,0.346,0.501]T  [0.351,0.147,0.207,0.237]T  

k=7 [0.206,0.343,0.451]T  [0.228,0.193,0.282,0.297]T  

k=8 [0.282,0.316,0.402]T  [0.205,0.192,0.189,0.415]T  

k=9 [0.205,0.348,0.447]T  [0.164,0.184,0.314,0.338]T  

k=10 [0.242,0.260,0,5123]T  [0.084,0.192,0.317,0.340]T  

k=11 [0.177,0.357,0.465]T  [0.161,0.081,0.321,0.336]T  

k=12 [0.306,0.331,0.363]T  [0.186,0.196,0.229,0.389]T  

k=13 [0.225,0.311,0.464]T  [0.219,0.202,0.287,0.929]T  

Table 4 

Rank of technology used for concrete recycling (i=1): 

Type of technology 
Total priority  

coefficient 
Rank 

Mobile recycling technology (t1 1) 0.2004 3 

Mobile recycling technology and selection (t2 1) 0.3345 2 

Mobile recycling technology, selection and separation (t3 1) 0.4685 1 

Table 5 

Rank of technologies used for brick recycling (i=2) and tile recycling (i=3) 

Type of technology Total priority coefficient Rank 

Cleaning for brick/tile reuse (t1 2)/ (t1 3) 0.3124 3 

Cleaning for reuse and brick/tile (t2 2)/ (t2 3) 0.3357 2 

Brick/tile processing for reuse(t3 2)/ (t3 3) 0.3532 1 
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With respect to calculated values of priority coefficient it can be concluded that 

each of considered recycling technologies for brick as well for tile could be in first 

place. It is expected because the advantage of each technology is overruled by its 

disadvantage. For example, applying technology (t1 2)/ (t1 3) technological level of 

process is lower (therefore, using this type of technology is much cheaper) but 

amount of labor is higher (usually unskilled). Choice of recycling technology for 

these two types of waste should be based on results of realized cost-benefit 

analysis. If wasted brick/tile is broken, then (t1 2)/ (t1 3), or (t2 2)/ (t2 3) will 

overpower (t3 2)/ (t3 3). Otherwise, the best recycling technology is (t3 2)/ (t3 3) 

which is placed first in the ranking. 

Table 6 

Rank of technologies used for recycling of rubber (i=4): 

Type of technology Total priority coefficient Rank 

Grinding process (t1 4) 0.2815 3 

Grinding processes and separation (t2 4) 0.3183 2 

Grinding process, separation and pyrolysis (t3 4) 0.3712 1 

The technology (t34) is placed first in the ranking. With respect to the given results 

it can be concluded that this recycling technology has the most priority compared 

to the other two technologies. Basic hydrocarbons obtained by using the process 

of pyrolysis, represents raw materials found in production of rubber and plastic 

products. Recycled material which we obtain by using (t34) have a higher value in 

the market of reused raw materials than ones obtained by already analyzed 

technologies. It can be concluded that business efficiency RC could be 

significantly increased by applying (t34). The main task of RCMT can be defined 

as taking over management initiatives (e.g., a continuous supply to RCs of 

sufficient quantities of rubber which leads to application of (t34) will be 

economically justified. The main disadvantage of the technology (t34) compared to 

(t14) and (t24) are a higher cost of recycling. The cost of pyrolysis devices 

represents the majority of recycling costs by applying the technology (t34). 

Table 7 

Rank of technologies used for recycling of plastic (i=5): 

Type of technology Total priority coefficient Rank 

selection (t1 5) 0.2169 3 

grinding process (t2 5) 0.3182 2 

pressing processes (t3 5) 0.4253 1 

With respect to the rank of recycling technologies for (i=5), it can be concluded 

that the dominant technology is (t35). Applying (t35) we get recycle material, which 

represents the final product which can be used in different types of industry. 
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Market cost of recyclate acquired by using technology (t35) is much higher than 

recycle materials obtained by applying technologies (t15) and (t25). Recycle 

material could be differently granulated which impacts its market value. Recycle 

material obtained by using technology (t25) cannot be used like a final product; it 

is used like a raw material in production of different products in building and other 

branches of industry. 

Table 8 

Rank of technologies used in recycling of ash (i=6): 

Type of technology Total priority coefficient Rank 

ash separation (t1 6) 0.2015 4 

recycling of flying ash (t2 6) 0.2293 3 

recycling of bottom ash (t3 6) 0.2660 2 

recycling and pressing (t4 6) 0.2981 1 

Importance of recycling this type of waste can be illustrated by forecasting 

quantities (about 360 000 t per year) and numerous and varied sources for this 

type of waste. Fist in the ranking is technology (t46). This technology should not 

have been realized if another technology is not considered. Technology (t46) 

should be used where the final product could be transported to factories where ash 

is used like a production raw material. Usually, recycled ashes are used in 

production of cement because ash is one of the basic raw materials found in 

cement production. 

Conclusion 

Based on the results of good practice in developed countries, it is known that well 

organized, existing RCs have a high influence on realization of state development 

strategy. One of the management problems of RCMT is selection technologies 

which can be applied at each RC. The criteria toevaluate  recycling technologies 

are defined by the stakeholders of RCs. It is assumed that stakeholders of treated 

RCs have different relative importance. The assessment and selection of recycling 

technologies may be introduced through identification of waste type. Assessment 

of defined recycling technologies priorities is performed by RCMT at the RC 

level. Solution of the considered problem is obtained in an exact way because the 

solution is less burdened by the subjective judgments of the decision makers. 

The priority of selected recycling technologies with respect to all evaluation 

criteria and their weights is obtained by using fuzzy AHP. The elements of fuzzy 

pair-wise comparison matrix of the relative importance of evaluation criteria are 

calculated by using FOWA operator. The element of fuzzy pair-wise comparison 

matrix of the priority of the selected recycling technologies under each type of 

waste is given by using fuzzy averaging method. 
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With respects to economic aspect, the worst technology is the one who gives the 

recycle materials numerous restrictions, insufficient funds, unskilled staff, 

unsuitable capacity of RC etc. Respecting constrains, choosing recycling 

technologies is very important for RCMTs because of that existing strategy and 

development of RC is based on obtained results. On other hand, improvement 

strategy (requirements of ISO 9001:2008, and ISO 144000) of the recycling 

processes should be based on obtained results. 

The proposed procedure is illustrated by real-life data from RCs in the West 

Balcan region. Some of the possible strategies that may be employed for 

improving values of named RFs are: creation of partner relationships with current 

suppliers, increasing warehouse potential related to resources if market conditions 

are impacted by an unstable politic and economic situation, and development of 

safety–critical systems. 

Besides the advantages, the proposed model has certain constraints, which are: the 

number of type of waste, available capacity of RC, change of number of recycling 

technologies for one or all considered types of waste, change of political and 

economic environment, etc. For a set period of time (in this case period of one 

year is realistic) it could be considered that selected technology has a higher 

priority for treated RCs. 

The focus of future research should be set on a case study with a large sample of 

type of wastes in each RC. All of these modifications can be easily and quickly 

incorporated into the proposed model and do not increase the complexity of the 

mathematical computation. In addition, the software solution could be expanded 

with additional functionalities for better management of RCs. 
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