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The evaluation and selection of recycling technologies presents one of the most important operational manage-

ment problems. In this paper, a new fuzzy model to evaluate recycling technologies with respect to numerous

criteria, simultaneously, taking into account the type of each criteria and its relative importance. The relative im-

portance of criteria and their values are modelled by interval triangular fuzzy numbers type-2. Determining the

criteria weights is stated as a fuzzy group decisionmaking problem. The ranking of considered recycling technolo-

gies is obtained by applying modi􀅫ied ELECTRE. A case study with real-life data which come from reverse supply

chain existing in the Republic Serbia is presented to illustrate the proposed method. The presented solution en-

ables the ranking of recycling technologies and provides base for successful improvement of reverse supply chain

management.

© 2018 The Author(s). Published by TAF Publishing.

I. INTRODUCTION

In the past decades, the reverse supplymanagement is very

relevant in research and practical domain. Many authors

suggest that it is necessary to focus on End-Life-Vehicle

(ELV) because ELVs are hi-tech products composed of dif-

ferent recyclable materials and used in numbers of indus-

tries as automobile industry, information technology indus-

try, steel industry [1, 2, 3]. The evaluation and selecting

of recycling technologies are one of signi􀅫icant operational

management problemwhich iswidely considered in the rel-

evant literature [4, 5, 6, 7]. Determining personal capacity

and quantity of recycling material, as well as necessary 􀅫i-

nances for supply of recycling equipment is based on se-

lected recycling technologies [4, 8]. The problem of eval-

uating and ranking technological strategies to enhance the

ELV recovery ef􀅫iciency under uncertainties is treated in

[5]. ELVs are described in terms of several sub-assembles

which are expressedusing six types ofmaterials such as alu-

minum, ferrous and nonferrous material, plastics and other

materials. By applying appropriate recycling technologies,

the quality of recyclates can be increased, which leads to in-

creased use of recycled material in production processes,

or to decreasing of natural resources, and increasing envi-

ronmental protection and at the same time increasing effec-

tiveness ofmany industries and rise of sustainable develop-

ment.

It can be said that evaluation and selecting of recycling tech-

nologies depends on many criteria. Determining of these

evaluation criteria is based on literature data [9, 10] or the

results of the best practice. Many authors suggest that these

criteria have a different the relative importance and values

at the level of each recycling technology. The relative im-

portance andvalues it is almost impossible to determine the

measurement. Therefore, their values are obtained accord-
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ing to the estimates of decision makers. Many authors sug-

gest that decision makers could not, in a suf􀅫iciently effec-

tiveway,make their assessments if they use numericalmea-

surement scales. Therefore, it is more realistic to assume

that they use linguistic termswhich are de􀅫ined as а linguis-

tic variable, i.e., words or sentences and they are modeled

by fuzzy sets [11]. In this research, all existing uncertainties

are described by pre-de􀅫ined linguistic expressions. Those

are modeled by the interval type-2 trapezoidal fuzzy num-

bers [12, 13]. It can be concluded that type-2 fuzzy sets are

more suitable to represent uncertainties than type-1 fuzzy

sets. These fuzzy numbers are widely used to solve differ-

ent decision-making problems [14, 15, 16].

The solution of the considered problem can be given by us-

ing the many multi-criteria optimization methods. [4] car-

ried out research in domain evaluation and selecting of RTs

under uncertainties. The determination of recycling tech-

nologies priorities under each considered criterion as well

as the relative importance of criteria is stated as fuzzy group

decision making problem. Fuzzy Analytic Hierarchy Pro-

cess (AHP) [17] is used for ranking of recycling technolo-

gies. In [6], the relative importance of criteria at the level

of each recycling technology is stated as fuzzy group deci-

sion making problem. Fuzzy rating of decision makers is

modeled by triangular fuzzy numbers. The rank of recycling

technologies is determinedby applying the fuzzi􀅫iedTOPSIS

method.

The main contribution of this paper is the introduction of

the interval fuzzy sets formodeling of existing uncertainties

for evaluation and ranking of recycling technologies which

use for ELV recycling. The relative importance of criteria is

stated as fuzzy group decision making problem. With re-

spects to opinion, the authors of this paper suggested fuzzi-

􀅫ication of conventional ELECTRE [18]. It may be consid-

ered that thismethod is useful for assessment and selection

of recycling technologies taking into account the numerous

criteria and its relative importance.

The rest of the paper is organized as follows: The proposed

model is presented in Section 2. The proposed Algorithm

based o fuzzy group decision making approach and fuzzy

ELECTRE model is given in Section 3. The proposed model

is illustrated by an example with real-life data in Section 4.

Discussion and Conclusions are presented in Section 5.

II. THE PROPOSEDMODEL

It is assumed that many decision makers have got partici-

pation in evaluation of recycling technologies. They can be

presented by sets indices ε = {1, . . . , e, . . . , E}. The index
for a decision maker is denoted as e, and E is the total num-

ber of decision makers. Decision makers team consists of

recycling expert from the national 􀅫irm for recycling, mem-

ber of the National Chamber of Commerce, 􀅫inancial expert,

production manager from recycling center, and manufac-

turer of equipment for recycling.

The set of possible recycling technologies are de􀅫ined ac-

cording to assessment of decision makers and should be

formally presented by set of indices t = {1, . . . , i, . . . , I}.
The total number of treated recycling technologies is de-

noted as I. The index for a recycling technology is denoted

as i, i = 1,.., I.

The selection of the evaluation criteria is performed by ex-

pert team and it is crucial and very essential for obtaining

good, relevant and quality solution of the considered prob-

lem. It is common to selection criteria is based on results

of the best practice. Identi􀅫ied criteria can be presented by

the set of indices K = {1, . . . , k, . . . ,K}. The index for an
evaluation criterion is denoted as k, k = 1,..,K and K is the

total number of considered evaluation criteria. In this pa-

per, the rating of possible RTs is performed under criteria:

investment in RT (k = 1), energy ef􀅫iciency (k = 2), costs and

availability of maintenance (k = 3), impact recycling tech-

nology on the environment (k = 4), safety in exploitation (k

= 5).

Criteria do not have the same relative importance and they

are unchangeable during a certain period. The relative im-

portance of criteria at the level of each recycling technology

is performed by decision maker. These assessments are

described by 􀅫ive pre-de􀅫ined linguistic expressions which

are modeled by the interval type-2 trapezoidal fuzzy num-

bers. Their domains are de􀅫ined as the interval [0-1]. The

value 0 denotes that the relative importance of criteria at

the recycling technologies is the lowest and the highest, re-

spectively. They are presented as:

Low importance (LW)-

(0, 0, 0.25, 0.6; 1, 1)(0, 0, 0.25, 0.5, 0.75, 0.75))

Medium importance (MW)-

((0.3, 0.5, 0.7, 0.9 − 1, 1), (0.35, 0.5, 0.7, 0.85, 0.75, 0.75))

High importance (HW)-

((0.4, 0.75, 1, 1, 1, 1), (0.5, 0.75, 1, 1, 0.75, 0.75))

Determination of criteria weights are stated as fuzzy group

decision making problem. The aggregation is performed by

the fuzzy averaging method. The values of recycling tech-

nologies are not very suitable for description by precise

numbers since decision makers base their estimates on lit-

erature data, experience and evidence data. In this case,

the recycling technologies values are described by using

linguistic terms. Those terms are modeled by the interval

type-2 trapezoidal fuzzy numbers: Very Low (VL)-
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((1, 1, 2, 3; 1, 1), (1, 1, 2, 2 · 5; 0.8, 0.8))
Low (L)-

(1, 2, 3, 4; 1, 1), (1.5, 2, 3, 3.5, 0.8, 0.8))

Fairly Moderate (FM)-

((2, 3.5, 4.5, 6− 1, 1), (2.5, 3.5, 4.5, 5.5; 0.8, 0.8))

Moderate (M)-

(2, 3.5, 4.5, 6; 1, 1), (2.5, 3.5, 4.5, 5.5; 0.8, 0.8))

Fairly High (FH)-

((4.5.5, 6.5, 8, 1, 1), (5, 5.5, 6.5, 7.5; 0.8, 0.8)))

High (H)-

(6, 7.8, 9− 1, 1), (6.5, 7, 7.5, 8.5, 0.8, 0.8))

Very High (VH)-

(7, 8.9, 99, 1, 1), (7.5, 8, 9, 9; 0.8, 0.8))

The domains of these the interval type-2 trapezoidal fuzzy

numbers are de􀅫ined on the Saaty scale [17].

The weighted fuzzy decision matrix is mapped into the

fuzzy decisionmatrix which elements are described by pre-

cise numbers. The element of the decision matrix is given

by using the defuzzi􀅫ication procedure proposed in [15].

The rank of the treated recycling technologies is given by

the using conventional ELECTRE [18].

III. THE PROPOSED ALGORITHM

The proposed Algorithm can be realized into the following

steps. Step 1. Fuzzy rating of the relative importance of cri-

terion k, k = 1,..,K for recycling technology i, i = 1,..,I at the

level the decision maker e, e = 1,..,E is denoted as:

W ik =
((

(1Uik
)e

,
(
mU

ik

)e
,
(
uUik
)e
; H1

((
mU

ik

)e)
),
((

1Lik
)e

,
(
mL

ik

)e(
uLik
)e

; H2

((
mL

ik

))
), k = 1, . . . ,K · i = 1; e = 1, . . . ,E

Also, the fuzzy rating of the criteria values at the level of

each recycling technology level are denoted as:

vik =
((
LUik,M

U
ik,U

U
ik;H1

(
MU

ik

))
,
(
LLik,M

L
ikU

L
ik′H1

(
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Step 2. Aggregated relative importance of criteria for each

recycling technology.

W ik =
((
1Uik,m

U
ik, u

U
ik′ ;H1

(
mU

ik

))
,
((
1Lik,m

L
ik, u

L
ik;H2

(
mL

ik

)))
k = 1, . . . ,K; i = 1, . . . I is given using the fuzzy averaging

method.

Step 3. The weighted fuzzy decision matrix is given as:

[d≈ik = W≈
ik .v

≈
ik]

The elements of the weighted fuzzy decision matrix are de-

scribed by the interval type-2 trapezoidal fuzzy numbers

according to fuzzy algebra rules [13].

Step 4. Defuzzi􀅫ication is performed by using the Defuzzied

Type-2 Trapezoidal Fuzzy Sets (DTraT) which is proposed

in [15].

Step 5. Determine concordance set Sii′ and discordance set

NSii′ , i, i
′
= 1, . . . , I; i 6= i′

Step 6. Determine concordance matrix C = bcii′cIxI and the

discordance matrix N = bnii′ cIxI, i, i′ = 1, ., I; i 6= i

Step 7. The average concordance index given c̄ and the av-

erage discordance index n̄ are calculated as: according to

expression:

c = 1
I·(I−1)

∑I
i=1

∑I
i=1 cui′ , n = 1

I·(I−1)

∑I
i=1

∑I
i=1 nii′

Step 8. Construct the concordance dominance matrix:

M = bmii
′ cIxI Where;

mii′ = 0 if c̃it < c ∨ nit > n

mii′ = 1 if c̃ii′ ≥ c ∧ nii′ ≤ n

Step 9. Rank of the recycling technologies is determined

according to the valuemP . These values are sorted into the

growing order. Recycling technology, which is associated

with the lowest valueMp, is in the 􀅫irst place in the rank and

the reverse is also true.

Mi =
∑I

i=1 mii′

IV. THE ILLUSTRATIVE EXAMPLE

The model which is proposed by this research is tested on

recycling centers located in the Republic of Serbia. Recy-

cling of the ferromagnetic materials is important task with

respects to environmental protection and economic aspect.

The ferromagnetic materials which are obtained into recy-

cling processes may be used in the production processes.

It is appraised that about 80000 ELV per year are recy-

cled and about 4000 tons coming back into production pro-

cesses. In this paper, the considered recycling technologies

are: shredding technology (i = 1), baling technology (i = 2),

shearing technology (i = 3), and car disassembly technol-

ogy (i = 4). Shredding technology (i = 1) is very demand-

ing in termsofmaintenance activities, and energy consump-

tion, still it is a high capacity process. After the separa-

tion process recyclers may obtain quality products, espe-

cially when ferrous metals are of the main interest. The

not desirable remains of this process (Automotive Shred-

der Residue) may harm the environment if not treated cor-

rectly. Baling technology (i = 2) technology requires trained

operators on balers and accompanying equipment. Shear-

ing technology (i = 3) requires specially designed shears for

cold cutting of automotive parts, primarily made of steel.

The technology itself is a labor demanding one due to the

high number of trained workers that operate on ELVs. Car

disassembly technology (i = 4) requires high level of man-

ual labor of skilled operators. The obtained car parts may

be reused directly or after the reconditioning process. This

process may be conducted both, using just manual work or

using specially designed disassembly lines.

The assessment of the relative importance of criterion and

its value at the level of each recycling technology is given by

using questionnaire method and presented in Table 1 and

Table 2, respectively. The decision matrix is presented in

Table 3.
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TABLE 1

FUZZY RATING OF THE CRITERIA RELATIVE IMPORTANCE

k = 1 k = 2 k = 3 k = 4 k = 5

i = 1 LW,MWx5 MWx2,HWs4 LW,MWx5 LW,MWx2 MWx6

i = 2 MWx2,HWx4 MWx6 LW,MWX4,HW MWx6 MWx3,HWx3

i = 3 LWx2,MW,HWx3 LW,MWx5 MWx6 MWx5, HW MWx5,HW

i = 4 MWx6 LWx2,MWx4 MWx5,HW LW,HWx5 MWx6

TABLE 2

FUZZY RATING OF THE RTS VALUES

k = 1 k = 2 k = 3 k = 4 k = 5

(min) (max) (min) (min) (max)

i = 1 L FM FH H M

i = 2 FH M H FM VH

i = 3 M VL FH VH VH

i = 4 L FH M H VH

TABLE 3

DECISION MATRIX

k = 1 k = 2 k = 3 k = 4 k = 5

(min) (max) (min) (min) (max)

i = 1 1.43 3.01 4.31 3.9 2.97

i = 2 5.85 .2.97 4.15 2.52 5.61

i = 3 2.93 0.99 3.65 5.02 5.02

i = 4 1.61 2.87 3.2 5.14 4.82

Aggregated relative importance of criterion (k = 1) at the

recycling technology (i = 3) is calculated by the proposed

Algorithm (Step 1 to Step 2).

Theweighted value of criterion (i =1) for the recycling tech-

nology (i = 3) is given according to the fuzzy rules algebra

(Step 3 of the proposed Algorithm):

W31 = 1
6 ·


2 · ((0, 0, 0.25, 0.6; 1, 1), (0, 0, 0.25, 0.5; 0.75, 0.75))+
((0.3, 0.5, 0.7, 0.9; 1), (0.35, 0.5, 0.7, 0.5; 0.85, 0.75))

+3 · ((0.4, 0.75, 1, 1; 1, 1), (0.5, 0.75, 1, 1; 0.75, 0.75)

W31 = 1
6 ·


((0, 0, 0.5, 1.2; 1, 1), (0, 0, 0.5, 1; 0.75, 0.75))+

(0.3, 0.5, 0.7, 0.9; 1, 1), (0.35, 0.5, 0.7, 0.5; 0.85, 0.75))+

+((1.2, 2.25, 3, 3; 1, 1), (1.5, 2.725, 3, 3; 0.75, 0.75)

W31 = 1
6 ·

(
(1.5, 2.75, 4.2, 5.1; 1, 1)

(1.25, 2.75, 4.2, 4 · 8; 0.75, 0.75)

)
= ((0.25, 0.46, 0.7, 0.85; 1, 1)(0.31, 0.46, 0.7, 0.81; 1, 1))

d31 = ((0.25, 0.46, 0.7, 0.85; 1, 1), (0.31, 0.46, 0.7, 0.81; 0.75, )) ·((2, 3.5, 4.5, 6; 1, 1), (2.5, 3.5, 4.5, 5.5; 0.8, 0.8))

d31 =

(
(0.25, 0.46, 0.7, 0.85; 1, 1),

(
0.31, 0.46, 0.7, 0.81; 0.75,

0.75

))
·((2, 3.5, 4.5, 6; 1, 1), (2.5, 3.5, 4.5, 5.5; 0.8, 0.8))

d31 = ((0.5, 1.61, 3.15, 5.1; 1, 1), (0.77, 1.61, 3.15, 0.81, 4.45; 0.75 0.75))

On the similarly way the values of the others elements of

the weighted fuzzy decision matrixare obtained. The rep-

resentative scalar of the interval type-2 trapezoidal fuzzy

number d31, d31 is given by using the (DTraT) (Step 4 of the

proposed Algorithm):

c31 =

{
(5.1−0.5)+(1.61−0.5)+(3.15−0.5)

4 + 0.5 +

[ (4.45−0.77)+(0.75.1.61−0.77)+
4 + (0.75.3.15−0.77)+0.77

4 ]

}
= 2.93
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According to the procedure (Step5 to Step7 of the proposed

Algorithm) are given:

The cordance matrix:
− 0.6 0.4 0.4

0.4 − 0.4 0.4

0.6 0.6 − 0.6

0.6 0.6 0.4 −

 , c = 0.5

The discordance matrix:
− 1 0.984 0.670

0.597 − 0.850 0.615

1 1 − 0.106

1 1 1 −

 ,n = 0.818

The concordance dominance matrix is constructed in com-

pliance with the rules presented in step 8 of the proposed

algorithm:
− 0 0 0

0 − 0 0

0 0 − 1

0 0 0 −


Rank of the recycling technologies is determined according

to the step 9 of the proposed Algorithm (Table 3). The de-

cision matrix is presented in Table 4.

TABLE 4

DECISION MATRIX

Mi Rank

i = 1 0 2-4

i = 2 0 2-4

i = 3 1 1

i = 4 0 2-4

V. DISCUSSION AND CONCLUSION

If it is respected only economic aspect, the best recycling

technology is the one which decrease the recycle materi-

als numerous restrictions and embrace the lowest cost of

the process. In practice, choosing of the recycling technolo-

gies depend on many criteria which are considered simul-

taneously. Usually, evaluation criteria are de􀅫ined according

to the results of developed countries good practice. Deter-

mining of the relative importance of criteria at the level of

possible recycling technology is performed in direct way by

each decision maker. They used pre-de􀅫ined linguistic ex-

pressions. Those linguistic expressions are modeled by the

interval type-2 trapezoidal fuzzy numbers. Aggregation of

opinions of decision makers is given by using the fuzzy av-

eraging method. Authors suggests that fuzzy rating of the

relative importance of evaluation criteria at the level of each

recycling technology a better express of the fuzzy rating of

thedecisionmakers compared tousedAHP framework. The

criteria values for the treated recycling technologies are as-

sessed by decision makers. In this case, it is assumed that

they decide by consensus. Hence, by applying fuzzy algebra

rules, the elements of the weighted fuzzy decision matrix

are calculated. The decision matrix is given by mapping the

constructed the weighted fuzzy decision matrix. The ele-

ments of the decisionmatrix are given by using the defuzzi-

􀅫ication and they are described by precise values.

The 􀅫inal rank of the technologies recycling in can be ob-

tained by applying the conventional ELECTREmethod. The

proposed model is presented and analyzed on the real-life

data from recycling centers in Republic of Serbia. Analysis

of the results obtained can provide the following informa-

tion and suggestions to the management team of the recy-

cling centers.

Choosing the best recycling technology should be per-

formedaccording to theobtained results. Thebest recycling

technology of the considered kind ofwaste is denoted as the

shearing technology (i = 3). Using this recycling technology,

the highest economic effect should be achieved. The oth-

ers possible technologies, are placed in the second place in

the rank. In order to apply these recycling technologies, it

is essential that workers in recycling centers have greater

knowledge, energy consumption is higher, etc.

The proposed model presents a suitable tool for decision

making issues applicable to different tasks in recycling do-

main. As theoretical implications, the main contribution is

handling all uncertain and vague input data by applying the

interval type-2 fuzzy sets. The assessment of the relative

importance and values of evaluation criteria at the level of

recycling technologies is based on subjective assessment of

decision makers. The decision makers form their opinion

on their experience, knowledge and results of the best prac-

tice in developed countries. It may be considered that it is

easier to form opinion by linguistic expression than express

individual opinion by using precise numbers de􀅫ined at any

scale.

The proposed method is 􀅫lexible: the changes related to

the number of evaluation criteria or their relative impor-

tance/value can be easily incorporated into the proposed

model. All these changes can be easily applied to the analy-

sis of waste any typeswaste. The paper also suggests differ-

ent managerial implications since it provides an adequate

tool for overall recycling process improvement, which may

be used by practitioners.

Besides the advantages, the proposed model has certain

constraints, which are: the number of type of waste, rapid

change of recycling technologies due to change political and

economic environment, etc. For prede􀅫ined time it could

be considered that selected recycling technology has higher
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priority for metal waste.
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[15] C. Kahraman, B. O􀂫 ztayşi, I􀂵. U. Sarı, and E. Turanoğlu, ``Fuzzy analytic hierarchy process with interval type-2 fuzzy sets,''

Knowledge-Based Systems, vol. 59, no. 5, pp. 48-57, 2014. doi: https://doi.org/10.1016/j.knosys.2014.02.001

[16] D. Tadic and A. Đordevic, ``Model for the supply chain management based on the interval type-2 fuzzy numbers

and the TOPSIS method,'' Ekonomski Horizonti, vol. 19, no. 3, pp. 193-209, 2017. doi: https://doi.org/10.5937/

ekonhor1703193t

ISSN: 2414-4592

DOI: 10.20474/jater-4.4.1

https://doi.org/10.1016/s0166-4972(00)00012-2
https://doi.org/10.1016/j.resconrec.2014.12.003
https://doi.org/10.20469/ijtes.3.40005-5
https://doi.org/10.12700/aph.13.7.2016.7.8
https://doi.org/10.1016/j.resconrec.2009.03.012
https://doi.org/10.20474/jater-3.2.2
https://doi.org/10.20469/ijtes.3.40004-4
https://doi.org/10.20469/ijtes.3.40004-4
https://doi.org/10.1080/00207540903175095
https://doi.org/10.20474/Jater-3.3.5
https://doi.org/10.1016/0020-0255(75)90036-5
https://doi.org/10.1109/tfuzz.2006.879986
https://doi.org/10.1016/j.apm.2012.10.006
https://doi.org/10.1016/j.apm.2012.10.006
https://doi.org/10.1016/j.ins.2013.04.005
https://doi.org/10.1016/j.knosys.2014.02.001
https://doi.org/10.5937/ekonhor1703193t
https://doi.org/10.5937/ekonhor1703193t


149 J. adv. tec. eng. res. 2018

[17] T. L. S. Satty, The Analytic Hierarchy Process. New York, NY: McGraw-Hill, 1990.

[18] B. Roy, ``Ranking and choice in the presence of multiple points of view,'' French Journal of Computer Science and Oper-

ations Research, vol. 2, no. 8, pp. 57-75, 1968. doi: https://doi.org/10.1051/ro/196802v100571

ISSN: 2414-4592

DOI: 10.20474/jater-4.4.1

https://doi.org/10.1051/ro/196802v100571

	Introduction
	THE PROPOSED MODEL
	THE PROPOSED ALGORITHM
	THE ILLUSTRATIVE EXAMPLE
	DISCUSSION AND CONCLUSION

