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Abstract

Purpose: Commercial and industrial organizations worldwide are under severe threat of instability. Unsustainability
issues arise because of environmental disturbances such as climate change, global warming, resource scarcity, and
ecological degradation. Circular Supply Chain (CSC) has gained momentum in recent years and serves as one of the most
sustainable and innovative approaches to the manufacturing industry. Adoption of the CSC increases the social,
economic, and environmental aspects of the production system and the supply chain. However, researchers have
conducted significantly less research on identifying and exploring the multiple challenges to implementing CSC in
developing countries. Therefore, this research investigates and evaluates the challenges of CSC implementation in the
production sector. We have identified 29 CSC challenges in the literature review.

Methodology: The research proposes the Pythagorean Fuzzy SWARA (PF-SWARA) technique. This technique
prioritizes CSC adoption challenges based on their relative importance. We used the proposed method in the
pharmaceutical industry of the Guilan province.

Findings: In the final results of the research, Strategic Challenges (SCs) and operational and environmental challenges
are prioritized.

Originality/Value: This reseatrch serves as a step for industty practitioners to efficiently and effectively adopt a CSC.

Keywords: The Implementation challenges in developing countries, Circular supply chain, Fuzzy-Pythagorean cycle.
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Table 2- Linguistic variables for supporting Criteria.

LVs

S92 izb 5386 oluc!

(ES) Jysd b5 ool 359

(0.9000,0.1500,0.4093)

(HS) Js:3 b8 s sl (0.7500,0.4000,0.5268)
(VS) a>55 L8 Ly  (0.6000,0.5000,0.6690) \evy
(S) a5 s (0.5000,0.7000,0.5916)
(LS) a>s5 L& o5 (0.2500,0.8000,0.5454)
ylro 5l gudvas) sl (S Gla e =T Jgu
Table 3- Linguistic variables for the rating of
criteria.
LVs  (Frselid (550 slucl R
AH-3L; Mals (0.90,0.20,0.3873) 3
VVH-3L;5 by jbees (0.85,0.30,0.4330) <
VH-sbj Lo (0.80,0.35,0.4873) é
H-Y. (0.70,0.45,0.5545) 2
MH-YU Lgze (0.60,0.55,0.5809) %’
A-opeSilea (0.50,0.60,0.6245) \"l;
ML- b Lavgie (0.40,0.70,0.5916) 3
L- el (0.30,0.75,0.5895) :
VLSl (0.20,0.85,0.4873) 4
AL-S LS (0.10,0.95,0.2958)
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Table 1- The list of main criteria and sub-criteria of CSC implementation challenges.

ol sy e Obn ) e ilmn b ss ol sl ls
Speaste BB ) ol e SCT Syl sl
olgs s,k [38]-40] Joke aze iy y25 gl (o 551yl (yload SC2 (SCs)
S8 S g
‘_gal.e‘i 4;).144 [41]—[43] L_;L:b(;‘...;l.ﬁ...; 9 6}[...;&J..\3L’.’...;| pos SC3
oles
el pluls)ls S Sty &d S5y pas SC4
S caeSl [44]¢[36] <[1] 00S el Sliesl b3l sl ENVRC2 (ENVRC)
O 65 5 Sislon pac) Wl S
Jolds &S (palio pumiy JS
(v g Livg Podes (yBousa e
6ol L [42] <[36] o Ll 6 puS i 5L lacanlin laas ENVRC3
[45] <[44]
S CoeS > [41] <[1] Gy lze S ppoe dals olgS o laas ENVRC4
‘_,’_.5)....» u...oSL’> [47] ‘[46] A.oLo.....’ o i (gom y Lgl,:m:j....u ul..\jﬁ SOC1 ‘SCLQ.._'>| ‘_gLau.Jb
Al 4z LSS o pie slapiunw) (SOC)
3 4 o b 1 sl
(gl 8L;5L
S caeSl- [41] <[40] ¢[36] oM sloz ,b gladals 5 3525 pac SOC2
obs,ls
S CaS > [41] <[16] BB g 0SB ae 35,55 SOC3
44] <[42
[44] 42] o
S caeSl- [47] <[41] <[40] 5 oSy eloaml cudgian lags SOC4
S slas e
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[44] <[42]
SYolwoagze [37]<[36] <[1]  anlp (gsluaz LS lacs, 5l olass TC1 «lyslis sla il
[43] (TCs)
GWoloanze  olulin)ls b (sl ns 5 (5,58 i TC2
Yol aje [42] [36] oyl egian Ghen | Jluzus s TC3
[49] <[48] <[44] s ST L
elelis (Machine Learning)
olals ((RFID) gol, ,uils)s
S Sl g (S S Sl
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ez SO «(printing
S0 caeSl> [50] ¢[36] ¢[16] o e SleMb] s 3929 pas TC4
GNS ST il 4y g dsngs 9 Gui)
(Sl
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Table 1- Continued.

Yol anze

Yol 4z

Yol 4z

Yol anze

Sl s L

[37]

[52]

[52]

Jds 4 Blo Jpame (o9 3 rals

Sik & sz Jpame o)

OBUES el (090 (i yiwd )8 pas

d,:]j‘ Jl}n

&3log sl g3l hiliul poe

Sazre oslastul a4y pw yiws ladd

.QYya;u:

MC1

MC2

MC3

MC4

<) 5,k sl

(MCs)

DA i)l s el sl oolginy () sld=(530 Dl SUSS 5,8 0l 9L 6l 1y 5050 andllas S s )
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Table 4- Decision matrix for criteria.

bl 6loslao  (DES) (g puf pousti oy Luolio )15 SC1 sc2 SC3 sca
SCs DEL VVH A MH ML
DE2 AH ML A L
DE3 VH L ML VL
DE4 VVH A ML VL
DE5 AH H H VH
OPCL ____OPC2___ OPC3 OPC4 _OPC5
OPC; DE1 VH VH ML A MH
DE2 VVH AH L MH ML
DE3 AH VVH VL A VL
DE4 AH AH VL A L
DE5 VVH VH VVH VH  VVH
ENVRCL _ENVRC2 ENVRC3 __ENVRC4
ENVRC; DE1 MH H A VVH
DE2 VH AH L VH
DE3 VVH AH VL VVH
DE4 VVH VVH VL H
DE5 H MH H H
TC1 TC2 TC3 TC4
TCs DEL A MH ML A
DE2 ML ML L ML
DE3 L VL L A
DE4 VL L L VL
DE5 H VVH VVH VH
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Table 4- Continued.

bol gylao  (DES) (g puf pouti lwliis)ls  ECOC1 ECOC2 ECOC3 ECOC4

ECOC; DE1 H VH VH H
DE2 H H VH MH
DE3 VH VH  VVH A
DE4 VH VH VH A
DE5 VH A VH H
SOCI  sOC2  SOC3  sOcC4
SOCs DE1L VH A VH  VVH
DE2 H VH AH  VVH
DE3 MH H AH AH A
DE4 MH H  VVH AH
DE5 H VH H  VVH
MCI  MC2  MC3  MC4
MCs DE1L A VH ML AL
DE2 ML H A VL
DE3 L VH ML L
DE4 L A ML AL
DE5 H VH H VH

oo (5Ll y IS oot duilxo -0 Jgu>
Table 5- Calculation of the importance of decision experts.
ol ;Lo SC1 SC2 SC3 SC4

SGCs 0.23256 0.19107 0.16038 0.20532
0.33728 0.27911 0.2648 0.25806
0.23255 0.19107 0.26479 0.25806
0.0988 0.09467 0.10271 0.04375
0.0988 0.24407 0.20731 0.2348
OPC1 OPC2 OPC3 OPC4 OPC5

OPCs 0.33728 0.30531 0.20815 0.24717 0.14584
0.0988 0.21051 0.26162 0.24717 0.30264
0.09880 0.08943 0.26161 0.24716  0.27535
0.23256 0.30531 0.03058 0.06728 0.03538
0.23256 0.08943 0.23803 0.19122  0.24078
ENVRC1 ENVRC2 ENVRC3 ENVRC4

ENVRCs 0.40363 0.30655 0.16215 0.11455
0.09792 0.04933 0.26033 0.11455
0.09792 0.11612 0.26032 0.30238
0.2585 0.47866 0.08034 0.30239
0.14202 0.04933 0.23686 0.16613
TC1 TC2 TC3 TC4

TCs 0.17126 0.14584 0.21845 0.19398
0.25017 0.30264 0.24982 0.19398
0.27495 0.27535 0.24981 0.31144
0.08486 0.03538 0.0321 0.0528
0.21876 0.24078 0.24982 0.24778
ECOC1 ECOC2 ECOC3 ECOC4

ECOCs 0.27411 0.11773 0.21324 0.13161
0.15059 0.11773 0.14703 0.26563
0.15059 0.11773 0.21324 0.26563
0.15059 0.43251 0.21324 0.13161
0.27411 0.21429 0.21324 0.20551
SOC1 SOC2 SOC3 SOC4

SOCs 0.09686 0.39442 0.24417 0.25976
0.27528 0.19542 0.07152 0.11036
0.27527 0.19542 0.16835 0.11035
0.1763 0.10737 0.44443 0.25976
0.1763 0.10737 0.07153 0.25976

MC1 MC2 MC3 MC4

MCs 0.17561 0.11773 0.23976 0.2505
0.25653 0.11773 0.23976 0.21834
0.25652 0.43250 0.23976 0.25049
0.08701 0.11773 0.0930 0.04069
0.22432 0.21429 0.18771 0.23998
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Table 6- Aggregated pythagorean fuzzy decision matrix.

Lyle  oulh Zuosxd (6 S pueudi i yilo

SCs SC1 {0.84220.30 0.4479 }
sc2 {0.4238 0.66 0.6203 }

sC3 {0.4735 0.64 0.6051}

sc4 {0.2694 0.79 0.5507}

OPCs OPC1 {0.84220.30 0.4479}
OPC2 {0.82750.31 0.4681}

OPC3 {0.2659 0.79 0.5524}

OPC4 {0.53437 0.58 0.61485}

OPC5 {0.3264 0.75 0.57529}

ENVRCs ENVRCI {0.6963 0.46 0.55096 }
ENVRC2 {0.68173 0.47 0.56066}
ENVRC3 {0.28247 0.78 0.5584}
ENVRC4 {0.74826 0.40 0.52925}

TCs TC1 {0.33516 0.74 0.58315}
TC2 {0.32645 0.75 0.57526}

TC3 {0.33032 0.73 0.59832}

TC4 {0.36459 0.72 0.59048}

ECOC;  ECOC1 {0.74353 0.41 0.52826}
ECOC2 {0.63442 0.49 0.59783}

ECOC3 {0.80716 0.34 0.48258}

ECOC4 {0.56716 0.55 0.61304}

SOCs soc1 {0.65141 0.50 0.57067}
soc2 {0.63083 0.50 0.59334}

soc3 {0.51295 0.37 0.77458}

soca {0.86079 0.28 0.42501}

MCs MC1 {0.37681 0.69 0.61799}
MC2 {0.63442 0.49 0.59783}

MC3 {0.43939 0.66 0.60937}

MC4 {0.16337 0.89 0.42568}

LV 55l (g S e sl )5 Jaungs oaloanlyl (slaylaro (39 -V Jguz
Table 7- Criteria weights given by the decision experts in terms of LVs.

bylwe DEL DE2 DE3 DEA )0 gpfpomedd guple  jiiel polie
ol Zuozxi Sy lud

SCs SC1 HS HS ES HS  {0.75536 0.39 0.52662} 0.191074421
SC2 LS S HS HS {0.3996 0.71 0.57984} 0.632184262
SC3 S VS VS HS {0.5754 0.58 0.57664} 0.593619289
SC4 S S VS ES {0.5264 0.66 0.5360} 0.77969806

OPCs OPC1 HS ES HS HS  {0.75536 0.39 0.52662} 0.191074421
OPC2 VS ES VS HS {0.63489 0.47 0.6132} 0.20831438
OPC3 S S HS VS  {0.54388 0.64 0.54276} 0.7826261

OPC4 S S HS HS  {0.55348 0.65 0.52073} 0.52493308

OPC5 HS VS HS HS  {0.68879 0.44 0.57616} 0.729475439

ENVRCs ENVRC1 VS ES VS VS  {0.60526 0.49 0.62734} 0.364602091
ENVRC2 VS HS VS HS  {0.648850.46 0.60613}  0.3808512745
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ENVRC3 S VS HS HS  {0.59139 0.58 0.56023}  0.7674667224

ENVRC4 ES ES HS HS  {0.76502 0.38 0.51994}  0.3024888116

TCs TC1 VS S VS HS {0.5754 0.59 0.56640}  0.7196668478
TC2 S LS VS ES  {0.382040.720.57934}  0.7294754389

TC3 LS S HS ES  {0.374640.730.57161}  0.7138630419

TC4 VS S HS ES  {0.573190.600.55807}  0.6964410103

ECOCs ECOC1 ES ES VS HS  {0.665820.450.59513}  0.3072337666
ECOC2 VS HS HS VS  {0.648850.47 0.59840}  0.4237473294

ECOC3 HS HS HS HS  {0.75000 0.40 0.52678} 0.233141735

ECOC4 VS S VS HS {0.5754 0.58 0.57664} 0.494035612

SOGC; SOC1 HS VS HS HS  {0.68879 0.44 0.57616} 0.413988294
SOC2 VS VS VS HS  {0.62079 0.48 0.61985} 0.427835719

SOC3 HS HS HS ES  {0.75536 0.39 0.52662} 0.271456759

SOC4 ES VS HS HS  {0.679750.450.57917} 0.169115715

MC; MC1 VS S VS VS {0.5629 0.58 0.58884} 0.673978934
MC2 VS ES HS HS  {0.67975 0.44 0.58680} 0.423747329

MC3 VS HS VS ES  {0.634890.47 0.61320} 0.626066025

MC4 S S HS ES  {0.534750.66 0.52767} 0.891559193
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Table 8- Pythagorean fuzzy SWARA results.
bylze  Sj o2kd polio Kj Pi Wi«

MC4 0.80710197 1 1 0.03447 15
ENVRC3  0.7202685545 1.08683  0.9201 0.03172 29
SC4 0.71170615 1.00856 1.07761 0.03715 1
OPC3  0.7055427951 1.00628 1.00227 0.03455 14
OPC5 0.663073952 1.04235 0.96539 0.03328 24
TC2  0.6630739515 1 1.04235 0.03593 4

TC1  0.6580539013 1.00502 0.99501  0.0343 20
TC3  0.6529998687 1.00505 0.99997 0.03447 16
MC1 0.63912709 1.01387  0.9913 0.03417 22
SC2 0.608903833 1.03022 0.98413 0.03393 23
MC3 0.582207577  1.0267 1.00344 0.03459 11
TC4  0.5754251968 1.00678 1.01978 0.03515 7
SC3 0.565436587 1.00999 0.99683 0.03436 19
ENVRC4 0.483459461 1.08198 0.93347 0.03218 28
OPC4 0.472362689  1.0111  1.0701 0.03689 2
SOC1 0.404735623 1.06763 0.94705 0.03265 27
ECOC2  0.3666509463 1.03808 1.02846 0.03545 6
MC2 0.331890075 1.03476 1.00321 0.03458 13
SOC2 0.304762055 1.02713 1.00743 0.03473 9
ECOC1  0.2930187382 1.01174 1.01521 0.035 8
ENVRC4  0.2866728124 1.00635 1.00536 0.03466 10
ECOC3 0.229452575 1.05722 0.95188 0.03281 26
ENVRC1 0.214625911 1.01483 1.04177 0.03591 5
SC1 0.163057753 1.05157 0.96506 0.03327 25
ENVRC2  0.1594357397 1.00362 1.04777 0.03612 3
SOC4 0.159039763  1.0004 1.00322 0.03458 12
SOC3 0.158495923 1.00054 0.99985 0.03446 17
OPC1 0.150378794 1.00812 0.99249 0.03421 21
OPC2 0.139960795 1.01042  0.99772  0.03439 18
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