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Abstract

The increasing volume of industrial waste and the environmental pressures caused by
non-biodegradable products have highlighted the necessity of redesigning supply
chains within the framework of a circular economy. Polyester carpets, as a high-
consumption product with a short lifecycle, play a significant role in this challenge.
This study presents a mixed-integer linear programming model for the design and
optimization of a closed-loop supply chain in the Iranian polyester carpet industry. In
the proposed model, forward and reverse flows are integrated across multiple levels,
including raw material supply, production, distribution, collection of used products,
refurbishment, and recycling. The objectives of the model are to minimize the total
network costs and enhance environmental performance through the use of eco-
friendly materials and clean technologies. To address the multi-objective nature of the
problem, fuzzy programming and goal programming approaches are employed. The
model is validated through a case study in the Iranian carpet industry using real-world
data. The results show that the fuzzy programming approach provides much better
environmental performance than other methods; so that the environmental index value
in this method is equal to 259658, which shows a significant improvement compared
to the value of 54437 of the goal programming method. However, this improvement
is naturally accompanied by an increase in the total network costs. Overall, the
proposed model creates a good trade off between the total network costs and
environmental goals.
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Introduction

In recent years, increasing environmental concerns and the rapid growth of industrial
waste have drawn researchers’ attention toward the development of sustainable supply
chains and circular economy approaches. In this context, the textile industry,
particularly polyester carpet, has become one of the main sources of environmental
pollution due to high consumption levels and the non-biodegradable nature of its
materials. Despite advantages such as affordability and attractive appearance, these
products create significant waste management challenges due to their short lifespan
and multilayer structure. Conventional disposal methods such as landfilling and
incineration are not only unsustainable but also result in severe environmental
impacts, including the release of microplastics and toxic gases. In this regard, closed-
loop supply chains have been introduced as an effective solution to integrate forward
and reverse flows and reduce environmental impacts. However, there is still a lack of
comprehensive models that simultaneously consider both economic and
environmental objectives in the carpet industry. Therefore, this study proposes a
multi-objective mixed-integer linear programming model for designing a sustainable
supply chain in the Iranian polyester carpet industry.

Methodology

In this study, a multi-objective mixed-integer linear programming (MILP) model is
developed for designing a closed-loop supply chain network. The network consists of
multiple echelons, including suppliers, manufacturing plants, retailers, customer
zones, collection centers, refurbishment facilities, recycling centers, and industrial
companies. In the forward flow, raw materials are delivered to manufacturing plants,
where polyester carpets are produced and distributed to customer zones through
retailers. In the reverse flow, used products are collected and classified based on their
condition; reusable products are sent to refurbishment centers, while non-reusable
items are directed to recycling facilities. The recycling process includes shredding and
melt-spinning stages, enabling the recovery of polyester fibers. The proposed model
includes two objective functions: minimizing total network cost and maximizing
environmental performance through the use of eco-friendly materials and clean
technologies. To solve this multi-objective problem, three approaches fuzzy
programming, weighted goal programming, and multi-choice goal programming are
applied. The model is implemented and solved in GAMS based on a real case study
from the Iranian carpet industry.
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Results and Discussion

The results indicate that different solution approaches exhibit different behaviors in
balancing economic and environmental objectives. The fuzzy programming approach
achieves the best environmental performance and is capable of providing a
satisfactory balance between conflicting objectives, although this comes at the cost of
higher total system cost. In contrast, weighted goal programming and multi-choice
goal programming approaches, which focus on minimizing deviations from aspiration
levels, yield lower costs but weaker environmental performance. The findings also
show that refurbishment plays an important role in reducing costs and improving
sustainability, while recycling enhances resource efficiency by returning materials to
the production cycle. Furthermore, sensitivity analysis indicates that parameters such
as demand, return rate, and recycling capacity have a significant impact on system
performance, highlighting the importance of their optimal configuration.

Conclusion

This study presents a comprehensive multi-objective framework for designing a
sustainable closed-loop supply chain in the polyester carpet industry, enabling
simultaneous decision-making based on both economic and environmental criteria.
The results show that the fuzzy programming approach achieves the best balance
between cost and sustainability, while goal-based approaches are more suitable under
strict financial constraints. From a managerial perspective, the development of
collection infrastructure, expansion of refurbishment and recycling facilities, and
adoption of clean technologies are key strategies for improving system sustainability.
Moreover, collaboration among manufacturers, policymakers, and consumers plays a
crucial role in the successful implementation of such systems. Ultimately, the findings
demonstrate that integrating environmental considerations into supply chain design
not only reduces negative environmental impacts but also enhances overall system
efficiency and long-term sustainability.

For future research, incorporating uncertainty in key parameters such as demand,
return rate, and cost through fuzzy or stochastic approaches can improve model
accuracy. In addition, the use of metaheuristic algorithms for solving large-scale
problems, the assessment of advanced environmental indicators such as carbon
footprint, and the inclusion of social sustainability dimensions such as job creation in
collection and recycling centers can further enhance the model’s applicability and
development under real-world conditions.

Keywords: closed-loop supply chain; carpet refurbishment; environmental
considerations; polyester carpet



i3 e Pl (659 0] (i g5 s

B2 ’@)U

sl

by gl e

85/lo /o o

ISSN:

elSSN:

e o e Oldllas e asllad

uﬁf ;Jl.w ;JaGJf?Lv L? a)w «? a)‘g.:
jims.atu.ac.ir
DOI: JIMS-2601-3016 (R1)

£
s Cxio HO A dil> il 0 iy o1k
‘C)b.@i clﬁ}” c@.ﬁ.}b (mkiga 0aSisls :GL»A e o})f esleal *

oly!

01 oils i 0052313 (ylis (gutign 83,8 ekl uli S0

g0 it 20 BB e OV geamee I U aoelen §glaylid 5 paie ladilews o= ol
Ol oy il by Sl 3l s iy | (2 bl o gl 5 el (slae s (150
ol 53 S o lal Al a3 (o S e B e b Dy Y s (S
g il n 0§ (Sl 5 (1 8l Bl s e a5 (55 5l Jule K (s,
oot o San 5 i SLOL 2 ($3lgiin Je 55 Sl 0ds €11 Ol gl b 5 s o
23 S35k 5 $5leg ¢ Jorims DY prammn (§55Tmnr (55 M5 cadsl slgn el s 3 4L
S a5 5 Shae (slif)) 5 K JS slaat 3o (sileaiaS” Joli Jike Colal Lokt 43 S ks
Sy dies > skt ol $STL glagg sl 5 S jlame liegs slse Sl eslil G b
andllas ¢S5 5o b Sl Jute et jlael ol ok aslizal Sl yT (6305400 2 5 (636 (6525406 5 a3 S5 s
dﬁwuﬁ;ﬁi,,GM;@oua@u.cﬁﬂt.c;jfc.\,,.;idébduut;puﬁ\uzjswﬁdgm
ol Hliie &7 (6 sbas tlas e €11 (6 2 il et a3 Shas b Sgy sl 4 S (550
(T el iy 53 OFFYY jlide b auslin 534S Sl YOAPOA L 4l s Sy ol 53 Jaoesls
Ll ol jan S S sl pa 1L aek 5 g ol el ol b e e LS T g 5 BB e

S a sl Jaoeen ) Ol 5 aSl ST Slaat 38 e 05155 c80lgiby s IS o

Sl o3 «dla.?r.odama_)' SllmMe (3 3 (65l gt 4t U':""U 0 o2 HEYSIPRWCY

m.seifbarghy@alzahra.ac.ir :J s o 5



4adia
b (Sols 1y St o ol St Sl g i Ol g (B3 St
Ol pl 53 ool 03,5 205 (o gomn SUI 51 03 28 oslizl (g g (el U
O Gler 5 5l e )s 7 i g Led o ol (ol 052 Ol ey 2l b
oo ol T ) Lol &5 e 55 on (G iy 5 ol 0l s adsl sl o Fage &
W3le) ol oy shlan (gla S5 ranl eslag s sdaze Y5 4518yl il s
Sl 5 415 0T (8 oy e and 5 03 SIS (o &) e ( Sz 5
WJlmcpll el 0387 Jtd oo ol 4 4k 6 AL L ile S 25 W5 sl ITe)
4 h S5 pde) L (5 iS5l 5 0L 4 S j2eS lps Ao e
QLETE,._:,_.)B-Cw,\;;;;;,.\m.uukﬁuuz,)l{J;)b)g(,w;\mdjluu.
ag;pmcwd\w;ﬁK,ﬁy%.w\é)du,gqg)uu;xmg‘j
S(Jain et al,¥+ 1Y) gT oVt jlstle 5 Jl Vs GO a5 3 5 sdoee Lt jos .ol
3Lk (Wang et al., 2000) ous fuaze o 45 (Congn ) 03 JB 1 Glacmar L
1 LOT SL3L Crul o g b i 039 CawdSS Ll 6T o )58 5 au 58 5 1)
S35k 5 8T per 1 Gl WS 5 5K 5 55l SOLT o plo 4 S
el Lon i J s a8 Sla 20

2 A S PB QU3 w g 5 x> (I e L Ol 5 L )
5 oS 5 6K @ Oi b 8l 2V Jeudly 5 aBlans gl y sl 3lse A 5
SXay Sl sedle gla i b 53 ral o 5leslizal s yls aie) ol 55 6855 0S5l
S ol s Sl 53 Ul Il S r o 5 St (s gy T 530 L pas)
23 ol s Lleds hdd e asead§ hdre o5 4 o3ae LY 4
S ST Lol 54 (gaw glacs 3l4n L3I b s 54 (Miraftab, 2018) e
i SIS boll 5 o Sls g ge 45 (Shi et al,, 2023) 558 o ¢Sawdl 5 S
«SG ks sl 5 e olant 5l se HLasl L aSL (Jessieleena et al., 2023) s s
Miraftab, 2018) uS" o3 T SV b slacode gl 515 sun) ) ST 5158 ST
(el (6551 3k 81 oA a ST a 53 05 g ¢ K 506 431 (Wang, 2010
Sl s Sl Aol LS 5 K S sl ST g s« L
ol el L ((Brent, 2004) 5,0 Wil 87 sl bl .uT);v_{ bl OLS W o5 94



S gr 5,5 sl e ST 511505 0055 0 - s gy OB Ol e a3
o Sl ol L s UST 0 oSy el sl ge 4 Sl s o FalST 5 LS 3 Jome
S pote (8 silises gla 55 .(Choi, 2017) bl o ¢SS it o sleadl s b
(Cunningham et al., 2022) ¢ 5l a4 Jis «Z3L 3L aham 515505 540 g Dlayls !
(Serio et al., 2003);J5 .y b o 55 sla i3,

Slagle Wy Omes los 8 Gl )8 55 Ol (BLIL 5 Sluls Sl
(Wang et al., vaaf¢ Wang, 1999) -z <. & «(Sotayo et al., 2015) slas-Lo
&S >4 5 (El-Hadidy, 2001¢ Sellers,1998) i3 & 5 olle 45
.35 esles!l (Murray et al., 2000¢ McNeil et al., 2007)

O a8 5z (O S U g5 sl s (6,100 2l ol gy e 53 Casih 50 ST
Sl b OB S s e (Ko sla i p Mg L OEuS W s ol Iy
LB e ane) onl 55 g e cmlie Gl s b s 5 BLSL DY s
S s e 5 sba Wl s (S eS Ll s s (Miraftab et al., 1999)
i 1y ol s e sl 55 (6 S5k g csalal Slacy s sulous
Olsioay bl 5 & 4l el Slao,anis (b comlr (53 el el
4 B ) 3 e g3y Sl a5 olies 1 e 580,

ESeds dal g &1l Al Ol 2w 53 0T Sl a5 ol mags buly ol 5o
Soltal (g 5luar LSS Ol 487 S o 1)1 Lalides e s a5t (55500 1 ke
IS sbay e [Rals Odal olgiiny Jie 5l o gl 3 1) Jaomaln 5 $3Lal
Slae b eslizal Cosllae Gy b 1 (Jasmelaw S St SIS 1B Oles 5 4SS
23S glac,sls (8584 5 SHLSL ST e 5 el IS 3 o Shamen g
Olsieay ful by sla 3 L5k 5 5 rag sy (3 el ok (1 b 3L 5L 3
055 4 powls he 5 2L 5 e OBl ol .l o Ot andllas Lol ) g
el DY geamen Sl azes ol gl S3L5L b )

b3l 4l sl adllae o 500 ASTT b e ha g3 o) SlacssT 5 o
63,5505 b aSl codds 35dous (6350 adlllas ¢S5 IG5 54 g0 Jke K LS

YMixed-integer Linear programming



P Jie tr 5 ol 0 Sl (b5 ol bl e a3 ¢ pomnitnn 5
Wl a8 amo il e &G 3 0T (ilwesly 5 ogalgiin lle b cnlie
b sl G5k 3 05 53 ol andllan S 1 S G (5 (Slinnl
el S| 6,80 5 S Slllas 4 KOG rasn ol s Wl )
3k o3 BB g ol e w5 L) el b s OF 5 b Ll L
il ol 3 ol 5Lt 55 5 T3 oo DelS Oy guots ol 0 5l L (0]
03958 al Lo 4 gt GBS 5 5 (ilug S0 da by s 5 e o laadl e
ool 4 S S 5508l B3 St Gl S s b Gt (51 5 ot
Olejpr S5lutingy Coda b cadliann 5 5L b ol ditags (Sl 5 ke &S5 el
lesls = o LSJJTC? Lelale ps .l odd gl Jooealuns § O 51 g laay 5o
Gilwesly (6390 anlllas &S LIB 53 (glgrin Jda Ol ) Sl s S o a8l
Wl 43,515 5 3550 0T (ol Sl 5 oS 5 es

3 6 Slasl g e 4l 035 Ui Sl ol r.:b.? O T 03 Sl bl
eoler Ui s o b rg) 5 (AL e ) g dlie Ol p g 13w (Gaioed Aty
5 6,8 A daasly FL ey e olg 00 s Je e s s o) Al
Ll ST slaslgiy

TR A
5SSt 8 Sl 5 b B 25 SIS e s sl Slals
J-s (Louwers et al., 1999) .Llos g S et janasi 5 LLOKS Glapamas
G DS st w35 5 osTper 4SS (b Sl ek 5 (et
Llises o 3o (5500 5 ke ¢SS (Realff et al., 1999) Olejon L35 4|
o a3 Ll dre 55 W 550 5 (58T rer Sladisl p (SSledigs 1 Sl i
&S sl Olad (Ll 5 B3 Cats 53 Slasls O o b (Mliraftab et al., 1999)
Wl e s Kaly g 55500 o Sl Sluls s & Cato ol T s 51 AY
L Joe &S5 @l L1, Ly, ol (Realff et al., 2000) .13 S ASTE sdoee o3zl

LW.JQ\JM‘J‘J&@};6“&?&&5:‘}#‘&‘}1&&‘]!@@%)&‘0))5



4 cpslin baliwe oo sde (55 0k Jds ¢S 4w g L (Realff et al., 2004)
st il e L ot e S St 2

A L gleedsp CuSs Y (uel (gladdllas > (Realff et al., 2005)
Wang, ).s S gt Lolis 5 4,0 Sialen e 55l 515k 55515 odonze SV 5
et w5 5 SO oSS il ¢33l Calibes Glags)sld gy 4 (Yer
s sl gl e (Helms and Hervani, 2006) « J=,s (oI5,
L35 gy p s St o 53 e San Snd Jama s

L3S S 505 bt (b 55 alid oo 55 Shee , (Biehl etal., 2007)
Dael S 53 A 5L Ol el 556 Sl 05k S i S s
(oo slasl o 8 biys L (Bucc, 2009) caslsl 53 13 g dal i Lol (g Soualy
s o oo 3l eslizal L (Lu et al., 2011) .sls 6yl ) Edlgud oL O (gladue
L3 S ol (551 G s RS Sl by (BLSL sl se b (Y e b s

s Sl 5selS a B Slals a6l op e g, (Jainetal., 2012)
)5 e 53 8Lk ST bz p Tsume Bucci et al., 2014).45 5 ¢l
Cxins 53 o $Swe Eend (6l sl g sl &K (Sas et al., 2015) s a5 4SS
dools 2alS (ol LTHS Sl > b disls Glis 5 Lols &1yl edsze VLI 3 5
» w5 4 (Cline et al., 2015) 5 (Sotayo et al., 2015) .col Ul &5 fax
Butar et )..65 5 AT s 5 Cars (6580 Cenl 5 L5 Jasealn  gbl o
3 S andlan |y o sSKan el 0y 3 Shes (6 S 051l @l 2016

e g L GOl o e ¢ e &S (Swift and Sanchez, 2017)
‘5”TC"’~' S b 4 s 5 4 Miraftab, 2018) 5 (Sas et al., 2018) .usls
Jdss «(Chaudhuri, 2018) .dosls, Slule Co pde Gla by, duaiws
ooty a2 g5s ol ladlo ys sty 553 el 0T L3t 5 O sla S5
¢S (Thoney et al., 2020) .&les S* S > s Glas 8 5 ja i ol
Ghanbarzadeh et al., ).aisls 61,1 3L 50 ST 0 g SLOKG &l oelowdin Jbs
Saerd b olar 5 Shomely sl 36 Sadiz Glaaig e S (YYY



&y n$ b, (Abdelwahab et al., 2022).45515 anw 5 Conlsd pde o o Sne
Ls S a1l 28Ty 059 ST Gy b 5P AT A LOT S 5 5 Slals ol

Sl 03305 O ol Sl sl el Juke ¢ (Cunningham et al., 2022)
e 348 S5k e eSS (Franco et al., 2023).65 57 sl 25 2 sLasl
o3liz| (Simon et al., 2023) .u5sls &1,) du 4l sl 0,) 1 b (gl Lalies
Dlidosd o Fbidor 5385 ST )y oS 5! Rl sl o e (BLSL O
38 s e il i 6o sl (51 1OV 5 S5, (Adenle et al., 2024)

arwy o 4 (Azarfam et al, 2024) , (Yasin et al., 2024)
lige Sy 5palS U 5 5 Sl 5 Sn 8l (6 2 (5 b 5 Se (Sl 508
=1k 4 (Abbas et al., 2025) cplosil o .6k S jaze (BLSL s o b Sl (sle L
b 95 Ay Olalllae 4N (V) g js s 5 53 Slls Sl Sl = slagle
el 0 1|

il OB Olomas iy 4l el 02 Sladile 03 28 ane s 5L
5 bl G sl b ol s ) 5 Cxio ol o S35 il 8 4l
Olalllae I lodas i3 558 0 odalie (das [ib gy Olejen sk 4 el
bty 2 LOT Jol S 503 503,57 (g lmn st 5 3150 SO 2 €3 g 50
e &5 LIB s  aseaCn 5 ol Ol plest o8 Jlmys (sl 035 (gLl
Sl de 6 wan 5 L sy nl 2 5d or otalie a8 4 )UK (5,8 e
Olojen o8 8 s by esls iy ) Mo ol oty balis oo s o
ol 5 @olasl 3 Shee 0Ll (siluang Ol (msSan 5 auiies slaOL >

:)qu.n ".A‘J.e ‘) U’.‘.ﬁt oJ._.?u) g;b‘..“"““;"“f.)



S Bk e S Sladllas N J gt

K| 33“ T %
3 3 ;33 } E ] 3 J 2
3 % 3 i 2 ¥ 3
5 A I S : 9
S 131413 oL
Y
OHes 55
NLP v v v v s
(1484)
O K 5
MILP v v v v o0 S Y
(1444)
O e 5 b,
MILP v v v VB . }> B
O e 5 b,
MILP v | v v U T |
(Yert)
O Kan 4
il v v v S
%)
oK en
LP v v | v s S|
(Y1)
ol aa
MINLP v v v b I
(Ye\E)
ol 5 S g
ARX v . v v A
(Y1)
ol an L
MILP v v v o0 e q
(YN
O en i
MILP v v v IR S N
(revo)
O, e 5633 ,03
MILP v v v | v vl v | TR
(Y+YY)
Ol K ea Lils
Gl and v vl v VIR Rkl aaad ¢
(Y+YY)
oK s M
MILP v v v || e S
(Y+YY)
MILP v v v v v v ol e i}

*NLP: Non-linear Programming; MILP: Mixed Integer Linear Programming; LP: Linear
Programming; MINLP: Mixed Integer Non-linear Programming; ARX: Autoregressive

Exogenous Input




$3lgdn Jbe g i 0L
Sl St (51 I s il 025 S (b altes (25 0 55
o3 odins [ (gl il eaSs S sl caaly ol 535,58 el ey 30
et s Calibes gl Ols Jalod 0 goui 5 SV s o Sino 5 s (SLOL
Db o &l adlanw g BL ) e m\:\)sja.u,@fii
s Ol
Colwang  Codab |y Ll e e b Spomly Jde R P VY
dlians A3 o W}SA:M_A.Zb-w%aﬁj)Ag@uwj;ézLﬁﬁ\d|M\Objrﬁ
5 S Ll (o 5 loyss i gz S5 ol g2 2550
(S pde g s g pes 2 kil ST cadsl sl ge O WS el dSle ool Olais (g3
8 o 0315 e GBS 5 (LU S s g5l g ST e c555T e ST e

231 LOT gos S wal 3 1)l il b U OB LS e It (s Ob )3
Wy 5l i eadsl sy sl 56,80 e b aals )5 atas o Ll 5 asls )87 L]
Slawly Olgsa b by pos 5o AiS oo fame ba by pos 5 4 |y OV seeme 9 03,5
stz edge p 1 5 WY mg aid s (OEWS 5 a5 OB S US 5 Ole IS
j;o\!ﬂm‘gi\@;);..ufsad)uwjgamwu}sc)\!}mu,a);oujvﬁ
O s ol 8 a3 o3linalsy gn 5 ook ) (6 2 5 4 LB s 5 b
Wl o sSan 0 ST 5 et 0L

Jostn G5 3 6 i (1555 0 SET o sSan Ol e 8 el o 5 (g
Wl e 3T wil Olgea S0 ol s S il osTrer ST w1y 255
e 33 45 15 LOT coslizal Sl bl 5 g oLl 1) stsizdl s VS (8L
S e ol D glas

S aes ol Al en s (iles OG!S dies SV gamee (Cadel dzwd
& Todomn (3losi 5 Lol Ayl 3 (b 51 ey 5 0ckd Jl)l (S5l S50 4 Y e
L35 b8 S5k 4 5 Y guame JUS 53 b Lph e iz b g es

sl 3 G 31 o 5 L 53l Sl S5 4 ol Y puamen fol 55 2>
4 T 3 5 i r ook p 3L 5L ST e 4 DY g o dizs ool B 5L 5



laail 5187 @ o5bss BL3L U 31 e s § o s 5 jmae b5 4yl 3l
4 B3k Sluls 55,8 15 eslinals;pe 5 sl i Mg 53 b s e 0l S50
O 4 5omly CodSTh mio DY e 5 53 B35 8 e I i sl S 2
Lk s S

OT 53 &7 258 o plawil JIgte alo o 55 o) oty ol S 23 3L5L sl
3,8 o 3 o )00 ey gD Al s e 5 05,873 F Slles Il

Slabas 4 23 855 Dlabad el el platesy (STISG sl b (el o )
S S g3 6 L5 ad sl ol ga o gens ] 3 S 30055 o plnil 5SS
555 s W) oS 5l ehs (b Lgdpe ool g edd o slasis
Lol o YU 55ki8 Sl aslinal 5 A8 oo (5,5 sl U Odomy 5 (s S ool
28 e ek il Bl oaiog 5 0k 8l sl el iy S
3L oL YT sl ol (Strzelecki, 2004 ¢ Hawn, 2001¢ Sharer,1996)
Loy Jod 4 ol gladl S5, Gl e sl S S EEE Pty
¢ Deschamps,1998 ¢Bacon et al., 1999 Rowe,2000¢White,2000)
.(Yamamoto et al., 1996 ¢ Sferrazza et al., 1996

3 g0 5 o OIS 35 (sl dliie () Ol sty (s s 93 Al 8 ey alo- s o
205 5055 Sl ol 8 ey oS Ol il pdye plal (BLL
&S o9 281 s (Wang, 2006 ¢\F+Y s, s ¢ Schumann,2007) s,0s 1, sdsws
GO san 5 b Al ja 3 1y ol (2 45T Sl 3093 ke 5 abises gnis oSz
G Jlsl b (U3 sbes #) L5 Jo1 8 slge colaws cpl 53 5,05 odge
e e 0T s 5K Olde Doy semts 5 0l g3 Dyl > 5 SGKG
OT o glad 5 @b b 03 87 )5 () o pains sla Slo I Hlidl o
.(Ishikawa, 2007) 5 4% a>

L Ods g Gl bl (STh e ¢S5 51 g S e ot 2Vl Ol
aads ol T 53 S50 ciadld O sots U 3 58 oo Coldd Sluvdtd ) domis S
,fﬁxwu{uxﬁf@)\}ﬂ@q@ﬁ,omszﬁwum

oddiods 5 SUIL 4t gy G Ciedd Oy oty Ul 5 o0 ol o Ay O sllas b



23.00¥4Y o3l 5 s $Schumann,2007) 558 a5 s bkl glad b s { Juzul)
G353 les35 493, ol 2w 5 4 Caanno 5 gl (gla o s 2uST e syl o)
iS5 2505 dge G S hs v Sl K Ol T Lph e Sz
S S s olg e il 5

Wl 2 4 Al DL ke
Ll iz g (gloy9s L ¢ Jsamai (oolgii Jue %
Aes  abd galgiin Jde ol el 5l
el a8 g ols (a5 8 51 Mg Sl (gl 0 58Il (SO I (glas gazeas
e GBS 5 g (e ol a iy B 5 (OB S el (SO 5 sl %
el 0B s e Sl 5 b
ol et 5 G BB O pl 55 Jeged £ (6l Sl lad 5 x
351335 Sod b Cus o el ol e S 515 b OMged D3 b
1335 a8 53 SN s Jaum ol Al abs 6 5 0SS LS
on ol 5 o e Jpame Oljpe ol p 482 sl Oln JB 5 Jo 32
335 o aralone La3 0 3L
..U.sjfda)‘l{ sddias g 3 Y geamea oo ys Lgs
Lgd oo Jluyl (g i (s 4 sdaee £33 sla 53
S35k ST 5 Giles Sl a0 gadde Gand b odlis)sTmer OV o %
L o Jlu

) Staple



Jﬁm«.ﬂ;—wﬂtaﬁj&.&flk\p

Lt

Sy 4l b0 o (sl 2 lgiy ke
Z-U‘,.&kscdjb\ﬂjc;)yqdmwdhﬁ)hﬂ\)gcuwﬁ\wd\)s

(la ki) b asls
a5l 3l g0 OB S el Sl O 4o gos s ES
Ll 5187 il (51 08l SO 45 e fEF

b g pos o b O 42 50s T ER

S e 5 ol GLOKs a5 5ame  cEC

ST e 1 o) el (51 058l SO 45 paes 1€ L
Sl S o sl 6l o8l GLOSU 45 s0ze U EU
S35k S e )l (sl 058l SO 45 pezes e €E

u;g;.p‘_ghc.fﬁc.{\?‘_gho&ww a€eA



Y goms 4 seme pEP
bl ac s tET
b sl
f als L8 g5llely ol au 34 FFy
U s5les S e, b au e FU,
LisosTpar 58 0 e, <B4y 32 FLy
eaL L S e s5lulely ol 4y s FRe
fols 56 S ouS ol 51zl b Ul dols 8 Jo 4u 38 TSqr
T o b0 5 b T 6l 8 51 P Jgames doly 8 o= 4y 58 TFpie
Cpin gl T Sy pos & 5l Pdguass dly 2 o au 38 TRpre
LissTper 506 C g ptn (o155 5 Pdsamen doly 12 Jo 258 TCpal
UGSy S o 61 555 S50 51 P Jpaamms dly o Jom 55 TLpi
edlil S e Ul (oysTmer 80 5l Pdguases dols ja Jo 4458 TEpe
T G pes g b U 5log S a5l P Jsame dly 2 Jo= 552 TUpur
falb, 576 € wall S e 5l mal b Sl alg o fo 4y 38 TNt
e GAES A€ oLl S e 5 Bk sl ge dly a fe 4 e
a
T sleanss 03 gl by OUI ol 6l 8 oS b 8 b CSy

TAeca

t Sl oyss 53 Pdseme M5 gl Fals,8 s b CFon

t Sbeierss U gl S 0 03P Jpame siley 2 b CUpu

t sljeyss ol LSJJT@? S 05 Py LSJJT@?- b CLpit
Calibee SN guams C3L5L 6l p b Slejessn 530 SSLSL S b CEo
P Vg 51K 2 055 GK,

C e 15 SIP Jmaes 22550 do s> GV



CEL5L S e a3 el b Ol 4 P Jseme L dess GH,
FlralosTpa 50 58P odis)sT e dpame Sl gl
g J iy
t Sb5er53 35D Jsame 5IC 6 2k 15 SLOE  DPpo
fil, 8 6S oS b w dols VS
T s pos 5 b f el S - alolb VFg
C s he (IS T oy jhes s o dbob VR,
1 &JJT@-?- S rUC e g maol V(o
USles S ot o)sTar S mdol VL,
edbl 8w bl sl 50 5w ol VEie
I s pe3 5 GU (S5lesi S 0 o abol VUi
fa,56 e 2ol S 0 o alols VNG
A xS B L€ S3LSL S e kol VA
33 Fals )8 o g G s Lo ldzign 5l g o5 o 5l ealizal Coy gl
Mpt
[ESTEIEY PSR
Sles plnil sl € EBL 5L S e 53 ST (65555 3l ealil oy sl N
pet

toy93 5P JM.‘;J}:

M‘SL“):"“‘
Al g il e 53 5 ) OT Sldie 0048 sl T 4,87 51 XF,
el v Sy ol e 3 5) 0T lie 3 pd bl U iy S0 51 XU,
v g ol e 03 5V 0T e 0055 sl ] GJJTC‘-?;J‘;‘
XLy
R
el v Sy ol e 3 5) 0T e s sbul € S5LSL S 0 S| XE,
t Slsonss sof bt )8 4 s oS el 1 Jla)l al Lo SUI laas YSy,



t@bJOJ):)J I'u:«},eo:f-mf‘ubjtfjtujbj\p d}...,a:ua)‘.\in Yprrt

693 3C 6}@@‘}@ rg})}e)ﬁj‘gbﬂp d}...,a:ua)‘.\in

YRprct

a)ijJ 16)}Tc;>;ﬁ‘bc L;f.&.nf‘y)‘d’b)\p d}..a;u)‘u\.a.e
YC cl
tgby

STEREY RS WPR-SVPT) RESTIFOC S-S N RIS} JUPWEINT S
YL lui
t oy

233355 € Z3L3L S e 4l o)sT e S0 51 Lyl P puaen lutie
YE lef
tgly

69 43 I'u;",,}éa.af'-‘\.,u szLwy;fJ“_stwJ\p dja,d}y‘)‘-\j.ﬁ
YUpurt

t Sk

G’Lﬂ) 093 > f‘bl>)l§4: (& &;élij\.’;f)‘ Ju)‘fm‘dli dl:-”)‘u\jﬁ YN

eft

t

53 A gmeo oS b4 € 3Lk S e Sl sl (BLSL sl I
YAca

t@bjo;;;

Py el 5 S pen Rasn ol (AL dde el a8 slasled wer L

s S a5

Minimize Z, =

ZFfoXFf+ZFUu><XUu +ZFL,><XL.+ZFEe><XEe
f u 1 e

+ Z Tsz X Yszt X Vsz + Z Tprr X Yprrt X VFfr
sft pfrt

+ Z TRpre X YRprer X VR + Z TCpe X YCpere X VCqy
prct pclt



+ Z TLpiy X YLppye X VLy,  + Z TUpur X YUpype X VUyp
plut purt

+ Z TEple X YEplet X VEle + Z TNef X YNeft X VNef
plet eft

+ 2 TAea X YAeat X VAea M

eat

Maximize Zy =

Z Mpft X (Z Yprrt + Z YNeft) + Z Npet X Z YEplet (Y)

pft pet
PICS LsUﬁgL.pj.bu

D Vs <8y, Vst ™

f
Z Yprrt < Cprt X XFf \v4 P f, t (5)

r
> VCpar < Cliy X Xiy vplt @
Z Ylplut < CUput X XU, vVput @)

1
Z YE et < CEe X XE, Vet )

z YRpree + Z YUpure 2 DPpee vpect )



Z YN =0 vf Q)
e

ZYSsft +2YNeft=ZYprrthKp vit=23,..T O4)
s e pr

ZYUpun:O vpr 0"
u

ZYprrt-l_zYUpurt =ZYRPrCt Vp,r,t — 2, 3,T (\Y)
f u [

GV, X Z YR, = z YCpare Vp,ct 0"

r 1

D VCoan = ) Vi + ) YEpie vplt 09
C u e

Z YLplut = Bpl X Z chclt v P, l' t (\ o)
u C

Z YLplut = Z YUpur(t+1) vVput Q)
1 r

D VEpier = (1= By) X ) Yy vpLt V)
e [

Z YE et X GK,, = Z YNefes1) + Z YAeat Vet 0N
pl f a

Z YE, et X GK, X GH,, = Z YNes(es1) Vet )
pl f

Z YE 1o X GK, X (1 — GH,) = Z YA, Vet D)
pl a

XF;, XU, XL, XE, € {0,1} (QRD)



YSsee» YEpres YRpret » YCpeit » YLprut » YEpiet » YUpurts YNege , YAear 2 0
M

GilwaneS a0 (V) Coua CU ] ol CL: 95 Shls wbbanw g 5L, Jude
Sl b laau o &S gl Sa eyl olatl 5wl o) i glaay
Oooa w38 53 S Gl sl S e iiie Slakis 5 S
3 g0 3l enlizul Cogllan o b 5 ol 57 a2 4S8 Jaoeas 5 5 ,Shas slE ) s (Y)
STl slagssts (5,8 554 5 S3LSL ST e 5 LAl IS 55 Sy o Sl 53 4
el ok g 5 3L 3 6 55 6,

e 5 Cond s 3 g (a5 3 Shee SlE5 0 1 shata Sl S50 05
5 o) dama 5l ss (Glacs)sls 5 5l g0 5l S ol Al &y S b 0 s IS
;,W“,'Jac,up,\f,-ug\f9\;;;1\{J,\,éb,;.@\ama;m\dﬂ&ué;}sﬁ:
5 Shes 5 0sls zals | e § e Dl ST slagssls L;J:f o 9
Ll s oo 55V o 4 1) S Jaomans

34 kit = s (613 o B a3 gudoe Ol g (V) b (M) (laly s sulome
@_,’:ag;g;y,@u,;;\ﬂ&,ﬁc?;\f‘wu,\sco@ww‘u«L‘,?
G165 6555 el (g 2t 4l p Lol & U8 o el (A) S gdoes . Llokis
338 35T oGl 5 OV e b e SV gams 3y b 51 15 on Lol ) 487

63,5 Jose 0L Jslas latusgdoee Olgea (Y4) b () glalys gdowe 40 sos
a5 Jols Calides SMgud 53 1y (s 5 2505 sLOL > Ole Ojl5s
e sl S8 s SSLSL STk gSles S sl pen S dla s pes &
Slge codiig3lu g Jartus (3 DY s OS5 o s O 5 b 9 Lol oo )15
e xe aals (YY) 5 (YY) (slacys gioms (Culg )3 S (o0 und | Sl 3L 5L
S n i | el

daake Plw J> 2y ,-T-Y



dor Sl plein Sa i o sk ke Glj Seaiir (S e Jlus

ol (658 el gl S 53 Olejen 5 b & il ¢ ameacns 5 5 (gLl ol

b s Slee 2alS 4 i Y penn Codn 6 (il sl 5 o 53 s bld

3l Ola 03157 slomsl (511 nlin (513 S5 55 (55 S 4 a0l 83530 Coltal

5,5 55 aw 3l eldal opl plesl pshiten (tags opl 53l Hlay 5 gl s Comsl

Tlay S am Sl,T haaby sesle ST 500k b3b sromby Jols Jo
ol o eslainl

36 > s rynlp
ajfjmﬁ@uduwwo!};mugiwwvﬁ,gm\vﬁéjuéﬁjuuj,;
656 iy gdow 5 (631 Caldal 0T 45 a5 ol (glabais é\) BERWPTRUS PE PN -3
S Dadsome 5 s G TS o3 5 ST e S oa b oS S 0 e o

(Zimmermann, 1975)4:S" s iy Coenl 03141 &5 4 95 a5 3,1
gt s w5 5SS 0T 53 8 55 e e T o33l dgur JSCES L 255 )
polie U Wish o (Siloang s lalyssdoe alS 58 by Loy 481

338 Laseia Codn a(ZES)Toul w5 (ZE1)ITous)
6T > Slos 5l ol a3 c0da 2 (Sl (S50 Sy se ol 5 o 2 b o
GB35 Coseh Sy she b (GiludaS Slal gl 555 0 sdain (oS D) 0
b ol dTedsh A Jlie 55 5 JolS ol b ol JToubl Hliae 55 487 558 0 (10
S Ay G 5me D) sons daly ol (Gluainin OMal gl &S Jl- o el Lol pie
P
1 if Z, (x) < ZP'S
Zi"® — (%)
ZEIS — le:IS
0 if Zy (x) > ZN'S

(%) = if Z}S < Z,(x) < Z}® ("

YFuzzy Programming
YGoal Programming
YMulti-Choice Goal Programming



Solal a3 o 5l Ol il adiasrlis sSA) e b e b ol o

(M (X)) cdbe ol 53 558 0 ook abad  Jost (55 50l o Joe &K 0 (656 Jole el

Jle ol s ol Glay s gbome 48 gazes (S)5 Ba 8 4 bgy o e U
bl p S Do pen 2l

Max A
St
XES
A< p(x) k=1,2,..K
0<A<1 (Y9)

53 Sbol Grimb
Jlao Jom 53 3,8 5 5 DS ooy 3 (S Olsea (S35 ST b
By opl y3 . 4s b ,ms (Charnes and Cooper,1957) Law 5 b s casda i
OJ_\@W@@«;:J‘JJJqv\»pﬁ@xasgmssuﬂcbauﬁ@ﬁ
Wl 058 i Lo g 0 e (580055 5 Uy il 3 8 55 b Bl

O Ous 1l 47 355 o0 oS BaSS s &5 4 bibadir s o 5 p
Conal Sl odtionls ol b 55 ol GlayT jilie 51 Dbl ol (51a05 5 § o
IRE RSP

Slal )3 6l s £ 5 il y pllasl ol ol o clonisl 3 (gulST &S5
Coldal s oS Jos dayse ) Cal Osllasl Gt Ol sl (g iluanaS
P el I3 3 g e ol (5 S alS) i ol 53ty
D gh e Ol ) st ST (6 aali

I
Minz w; (df +d;)
i=1

St



fi(x)-df +dy=g; i=1,2,..1
df, di =0 i=12..1
x €F (¥9)

5 Sl 0T Blze SlayT o () 51§ ot c\sﬁqgu (£i(x)) e ol 53
e S g Ol 1y i ) ) e 5 St O il Ol 5 (A7) 5 (d)
ou;;(XeF)qUw}mp@a,\;ﬁ?M s 5l Coda e Coeal 039 (W)
() Ll 53 G gl 53 457 L3l o a0 3 g0 alis (g3le (Sla Cy3 gokoes 4JS” okias
ol odalie BB (YY) &

glas S Syl 65 ab

S 55 sl 67 p R Slenl o Kl Olgien it S ST 50t
ST o &G ol Sl ¢y ) 93 ol 0ks 3 me (Chang, 2007) Law
(i,min) o=l oS ‘&i 3(8imax) Vb ols dg‘.)u,—;l")T o5k gﬁ,_ (s gl ot
el 03 ol 5E DBl et 0357 ST Jis a4 ok o 2355 0 iy 23 (

e & Ol geas s 5 (V) Sle)T o ¢ (Chang, 2008) s (¢ 555k aens )3
©imin < Vi < Gimax) obkdms ojb )3 Ll o & 34500 43,5 5 )3 ate gy
Sds mly gl S g3 SNl ol el a8 0k, el b s
A1 5 8imax £33 Sudgdome 53 Bl (GGludii 55 5l s U Shdizes Gy o5 6
255 g 0305 1 A Bimin ASL (S5lu €S 7 5 ]

3 5h e Ol ) o) pons sl S i ST 50002 (L5 Jo

Max

1
[w; (df +di) + a;(ef + ;)]

i=1
S.t:
fix)-df +di=y; i=1,2,...I

Vi-€f + €] = 8imax i=1,2,..1



gi,min < Vi < gi,max i=1,2,...l
di, di,ef, ef 20 i=12..1
X€eF )

5z ol ot 1 e 5 e Ol ol S0 o se(di) s(d) oo s
(et L g gr o e (V1) ST o 31 site 5 Cate O3l ol S (€7) 5 (€)
@8 50 0T Sblpl s Coeal IS 6l (Wi (@) esle sl
A 3y ds (oole Glgusgde alS sdias Ol (X EF) Cusgdome ki sd oo
ool sdalie BB (YY) B (F) Laslsy 55 G ol o oS i

J.MJ, @Lﬁ‘g LY % aJlao

ol bl b sl b U5 h e L 0sSTem (i A5 s b aiy L O
b Codal adllas cpl Lol 0ds 50y OV gz pl e 4t 2 L Sy e
WLl 0 ol (ST (08 018 Olghool) ol g Sler 53 s ail ol 0 i
Ja,.uj:)o.x.&Wjé;;;géha:btgﬁf)lfm.Qcﬁjkdi)zoﬁﬁ\)\‘f’ilugjm
S35 2 e 2l s B YENY e 5 15l 5 L 53 oSia oS Jo
o s a5 5 AKS V¥ co L Intel Core i UNYYFB-0 oijls 5 b slaibl
Sl a4l 2500 oSl Blojke 3+ BIKE L5 s 2| o LKE A sl
WSl S A
Olgannl 55T Cad 355000 b STk Jols Lol oS pnl 93 codsilyl Juta )3
ki g GalS el 53 Wly Ut 5 A Hler 6l b Al Sl & s s
S e el S 5 0T 5 0L s Sl 5 ol Ol (IMa (sl
oSS 0L mis b a S 5 LT 5 0L 1 g5 Y pamms
A 3k ge i3 L BB 5k eh b 6855 5k el ol s e
i Sl 3,8 o Jlyl ubsols 53 5L 5 5 da 355 55k and s
A KX DA AN bl ol O, 6 s Calises bl 53 (6 2t 4 055195

Gams



(23T g (s (03 a3l g A o 3 a3 n g 1517 58 AV Y )
03303 (55373 5 1) Jantua (sla 35 01,5 10 50 (F (Y ) Gblio s S 0 iy I e
SOLENY 50 Gble 5o 5lus S e gy 4 dald dorly SN s oy 2 51 ey 5
OB xie Sl s 53 ites I3L5L S e ler 4 ol Bl Y e
S35l Sl Jeol (BU5L BTl e St STl 55 Olands ¢ o3 55 4 S
ok, S 5k Sy 5 OLT 5 0Ll Glasl )8 53 W5 4 o 4 (STl o S o
Tl 5 obT pead i SES g 55 Wl (o O aw 4y 5 Dl 5 ols
Asd o Jleyl Ol

Ll o Sl Call G g 53 esliial 5590 e malyl islis 4 by e Jgli
ol T Sl3dles 3 S b1y 3550 adllan 55 Sges O (1) IS
..\AJ@

S350 addllae 55 IS UG LY S

al,
BALS uals
o, T
V9B 03>
Sy golg)
§.9] Baz 35,0
§jlags jSy0 T

B3l 35,0 T

mocss §

sk 4 (Zy) eoelaw; (Z)) olasl Ooua c\y“ B{NC SR IS f‘f 33
3gd ol e 4 (o GU Al e Townd ag polie s (luang iy Ree

)ArcGIS Pro



o (Sln olie ol sl 0k S1H1(Y) Jgutr 5 cab g o gl o ls 510> 5 foli
ol e caalsl 53 e 5 515 dadir (55 aal glas gy 4o ST s
ST Gronely () 56 Gpmaly Jold o 38055 a5l eslial b 4l 4nw 5
LS = (MCGP) sl S ST @b, 5 (GP) esle
2lie ol sl 5| &S a ST b (LT (65 sal 5,50, 3
23085 ,8 el (6l sllan polie Ol e 5 5 8 s 035b Jpir S ool JTeut!
BN TGN SPIY- WE RN TY C)Lo)'r.as Cootl a5 Lo pioman LS w)f Iy
GBS 55k ae ;500 dslas 5l &) soty il S0 (oL sl
338 )35 bOT Olbe gwbio Jobes b i 48 8 L5 53 Coa e pslis S5 Ol e
(F) Jsder 53 4o Spson s S5y cpl 51 eKn Sl odaTomsn (g3ue s

) 0 U:“)‘Jf

235L Jsdor Y Jgur

P I sl e ml
OFYYVF Y,YYAYFE+\ f ©slasl
FOYIVY Y.05OASFE+ ¥ T
fovIVY Y,050ASSE+ V¥ MAX
OFYYVF Y, YYAYYE+\f MIN

J sl G ) ol b Sl X s

MCGP GP 2 Sae oy

ANA-YYEHIY AYYYYSE+\Y ) -0-9E+\f sl
OFYVE OFFYY YORF0A R
S XefY WL <-4 = i

2B o sl Sy 5SS p o das e O s Jo I Jols pls o

90 (1) dadr ol dijls (Jaomaln 5 5 (ol Oolal b agarlge 5o (Joline
S s o Sl 1y e s el ol g 1) i o mi V) (656 (54l
Gy ¢ blie 53 el Joslte Colial Ol ol slul 53 gy ol 2Uls SOL
Gl il i 8,05 L MCGP) glan Sair 5 (GP) esle SloyT (552 50



23 Lol cdilos 55 JS7 (sladiy s 4 5 LB (2l 4 i (GlasT sk 51 Bl
3 3B s 4 S Sl a3 Shee Jl (e
,,L;,:fﬁwsjt;s.uj&:aw,;‘u‘&b;,,gua\sum@ou;@u@\
Gl 4 e S st Jol Oda S0 (oS ta)ls ol o
24 Jb js g dals o cwmle 4;-1)?6)'5 bﬁ})j\asu’w‘cﬂl{&aﬂwj
St bl Ll g QJLA)T Spoalp la b,y conlasl salysgdow Lyl b
g 2 s
2 ol Sl Jlos (e 5 S5 CbB 5 (5l Lo (Il ot glates
Sledebd g 53 . Zoad ok plonil DPpet 5 CEet By « GVpe bdS™ el Sler 50
oo o 5 Sy S eslizal b Joe sl s bl ol Oljes S ks

By )90 LG“'{;*‘-:’: Lf’L‘)T 6_}‘.'..)4"“;]’ 9 oslw L;'»La)T L§J‘.'.)4'°L’J" 46)‘3 6;1)“*"";’
(GP/MCGP) bl il (g 5lwaiaS s (M) (6 5lwaiy syl 55 s Jlows R

ol 4 5 g
DPpct Ju‘J\i WL&' ‘HPH.

ol A gy 53 Ol edl s &S Ao o0 0L DPpet j2el)ly Cosles o) 5
I b B e 6] et o ISt St 5 et
39 s sz Touses o5 sl 55 5 AS o a1y EalS ausls Al sl oo
Coms 4 cdials gldl )3 3gdoes lrals &K 51 oy GP e (Jilie 5> das
35 53 cad sl Sl K LMCGP o J )3 ¢S o oo Olo oS | Kes Cans

Db Sl Sl s Sl



DPpet by conlom Wlosd sl & J g

MCGP GP i S w5
£ EYOVA DY £EOVEVOAY Forvyshaf sslasl
FETYY FEO0- YOFYYY AT
SX-fY - B-YA - beay J>= s
Y¥-vavOay VreAal Y foyryolaof sslazl
FAVAY FARQY YOPYVO J SRCIE S,
SXePY CheYe LBy J> s
ANR VYO Y AYYYYSOaY £1-0-9040F sslasl
OFYVE OFETY YOR£OA ke s
SX-FY cBeYe <0-9A J= i
AAYYEAOs ¥ e VAYDY £A00ADNF sslasl
BAFYD OIAAY YEIFAY [ SR S
LY.y R - B-YA J= s
AVOFVOD+Y avarr Oy FAVIYPOf sslazl
$0-08 SOTYD YEEVAA SRR 2
Xy R LYY = s

DPpct )l ol ss ol 53 Jo la 2, 5 ,See oy aslie ¥ S

—9—) —=0—(GP, =—0—=MCGP

0.515 0.3043
® ° 0.3042
051 o 0.3041
— 0.304
0503 03059
. .
- ¢ —— 03037
0.5 0.3036
0.3035
0.495 0.3034
-20% -10% 0 10% 20%
DPpct

CEet )l conlis oo



):‘5'4.1S:)‘:)b4136)[3&@7&&))@:&645@‘QT}\k;b—CEetg‘bﬁf@Lﬁ
b‘c}‘)‘dﬁ.&ﬂbu’a‘{;ﬂ} )‘ww‘)yzda OML..'LA LSJN LS"U}) QLA‘.) d)l&T&u
2348 L OT Sl 15 o 515 cpl 2 5 on o (s 55 U535 el S ol
Silas 4 panads 5 2555k GOl Sl Slavg S 5 4 4K (L b ) e
23355 god Ml 0L 30 3y o go Ll b 2y I3l 5 ey o S3L5L L
)\Kjlmjasﬁ‘;)lw céﬂ.lg_f_.:a}'JE..n)\MCGPjGP Lthcwlg_ ‘Ji.'.’ e

s o OLES Sl Ol g cad ol

CEet by Sl s sl .0 s

MCGP GP A s ol
ANRYEDAY AYYYYVOAY vaovYvslaf &slas|
AFYVF AFEYY YEPOF-. PGS A L
SX-YA B YY < 0+04 J= s
ANR-YYOaY AYYYYEO4 Y £A-vy-0a &slasl
OFYVF OFFYY \EZAT JPECNINE A
SYevs <D YF <OV = o
ANR-YYOaY AYYYYEO Y £-0-900 ¢ s3lasl
OFYVF OFFYY YOR50A e
- YFY SH-Y- <0-A = o
ANR-YYOaY AYYYYEO Y \ARNAALTSR s3las|
OFYVE OFFYY YHAOYY PG A
S YfY R 2090 = o
ANAYYOayY AYYYYEO Y FAYY-VOE s3las|
OFYYF OFFYY YOAVOS PGS ]
SARE A 1 c By < B-YE J= s

CEet gyl ks ol p 55 Jo slasbss 5 Shas Loty alis £ JK3



—@—) =0=GP, =0=MCGP

0512 03044
051 _.\: 03042
0.508 0304
0.506
03038
0.504 . .
0,502 ° — 03036
0.5 0.3034
0.498 03032
-20% -10% 0 10% 20%
CEet

Bpl fﬁ‘)\:ﬁg C;.:.wl..a J.:Lau"

DS ed Sl ol SN &S Olgea Olgan LA sy o,y Byl bl ol
Lsy ol 2ghir BB )ls caidy 4 O Sl ey 5 0 S 5B ) s
o |25 s Ol Olejon 30 s &2 Las ) (S3la g e Sl a0 O
JE 5 o Slasis o i 5 S5l S pn S b (6 ey St 358 55,5 By
sGP Jlas 55 das zalS 1) s (IS LIS Col Sas 5o 3505 G5les b
25 (i OL Ll 2eS” Oollawsf odimsglis 457 Lyl 55l 5 3 sdee O ss MCGP

Wl S35k 5 (S5l g o SSSE Sl o 4 el

Bplf‘“)li, C,._ML«;- J._.L>J GLD A J_s-\?

MCGP GP A S wls

AXALONO+VY LEVYANOA Y AARTAR{IMY . ¢slazl

£EO0F SEVTY YEV) LY ey Y-

XTA - BeYY - b-FF N
AYSaosdAY ANOYYYO+ Y FAA-SO0F ¢3lazl

0a-YY 049-9- YZYY¥O Jhwwj AR

SXevs . BeYF 8- J= i
AN YYD Y AYYYYSOY £3-0-a0:)F 3l

OFYVF OFFYY YOAFOA P




MCGP GP 2 Sda g

X FY O LY = hs
Y £AaAVD Y yyiarrhay f.oovardaf 3Ll
£4aYA - - FY YOVVYY PRI A
SXFY oY <5+ = ra
YYSVAVDY yyaorady ¥A32) A0+ sslasil
FEANY FEYY - YEFIYa PRCCUIS A
SXFY oY D5y J= i

Bpl )l less oy 53 Jo la i, 3, 8ae iy aslin 0 K3

—9—) —0—=GP, =—o=MCGP

0.512 0.3044
0.51 0.3042
0.508 0.304
0.506
0.3038

0.504 . .
0.502 0.3036

0.5 0.3034
0.498 0.3032

-20% -10% 0 10% 20%

Bpl

GVch;.G‘JL; WL-&’ J?L’VJ

:g,.w\wul{—&\pl,\;,)@)\;ku@,,@g.uudaou.sGVpc Sl fuloes
Al i 1Ll a1 e 1 ey Lol 05 g o0 a5 A Il
S b B 85l Gl e das e 0l Sl das e s (s 3
c,w.wjdu;;\\iwﬂc.?dwi}a%u’wwmm‘wd&s:ﬁw
s Kb sl BB & S8l B s b Ll pniml ST e o b
S ol B (65l o 4y IS Ao 51y MCGP 5 GP ¢ Jilie 53 .55

le e BLA & Lol (5 omly 7l 53 aals S 50 5 S



GVpe sl ol Lo kv Jad>

MCGP GP 2 Ca ol
ARAYYYD\ Y 210+ A0 Y FAPFVFOF sl
OARY¥ 0¥ YEVaYs howecas; /Y-
X FF CHe%) - ¥agA = s
ADOFEO0 Y ABAFAFDH Y £.-YOOAD: sl
OFYEY NN YOS howcass /Y
CXFY CHe%) SOV -F J= e
AN YYD Y AYYYYEDY £.0-204F sl
OFYVF OFFYY YORF0A e s
X FY oY LV J= e
VA0 Y VAYOFYDY FAFYYYD ol
aYOOY avars YEYYYY howcans 4
Xy <8470 ~0+A] J= s
ALYy AXAFVADH Y FoYTEEOaf sl
01VaFY OFARA YOFOA RSO A
SXeTY AL NG = s

GVpe bl i il 5s o sla sy 3 ,Sae iy aslie N K3

—@=—) =@=(GP =0=MCGP

0.515 0.3046

0.51 ——— 0.3044

S S N S
" / u .

0.3038

0.495 0.3036

0.49 0.3034

0.485 0.3032
-20% -10% 0 10% 20%

GVpc

SrS oS 5 Loy



¢ pamadior b dadir Lalises moms sde (Jast (6 sl Jke S 11 SR g
ol 0 Saals Cy pte 5 (b (s el ol o rbaaki 5 Sley s L
L olgiig dbe Sl 0357 @l p Ol pl mulhy 3 Coto 53 SIuL ey 4
5 @bl slul Olojen 035 laips 5 e 5 s SLOL 2 (S3luer s
) e GCaally e (63 8l Glapeanal 3151 OGT (g)lbl (Jaomas )
QL':.J}‘.fJ\}é\(JS Seslial b dde o 5 (53,50 adlllas I Jool gl .55le oo ol 3
sjgl.‘..o c&?ﬁ: Jf sl p Jals ces Sl 5ol eslgiin Ol &S das
93 Sy slamen i 3 550 Sl eslinal S sllae (21531 Gy b 51 ptrs Jaeals
iy 3 g LS A 5 ST slags sl (6,8 e 5 L5 ST e s sl S

el o (b 53 e 5 (Sl plesl 4l 0T Kby ol ol
@I Bl 3 5 4 il 5 o L e (3Ll SBltal 4 glits sl Nle L5
s s 5L 5 (solasl

B A el ) Sl dr g 4 OIS e s ol ST e T 5
IS Gl o S 5 Gl Sl (s pes g pole 55 sl sl
Slraun 5 s G5 Ol L s 93 (5L ) die dnn 5 ioman 5,57 L3101
Cnis 3 0 sl Ja ¢p3Y (sla ools (65T par Ll 5 Sl 48 5 ) o Sl L oy
ol Sl Sl & Sl S5 0L Ll sl 5l eoly Ol gl
53 3 48b an 5 Ol 51 b 53 5 (G 55 el ooy i) 53 St (Bas%
8 )3 S 5ol 35 e s Ll 5 L BUB 5 Sle g b cardllan
S Slhes Gl o B glalyssion b ol agh (il .ol
43k Bl Sedls (F 4 o fes SolsE W Z3LSL 5 osTaer ST sl
Wl dml g0 Ol 53 Cris 53 e Dolalllae 5508 5 LT e

S 5l Ol Ol g e ool b Jlosi 5 Jbe Jo- oke T s phaaesl
EF ORIB 0 e AV Gl e b (15 50 GosTper ST aru s
S g b mmannls o Sae Ol o 3 5 Y puame S
Sl a5 Shee 350 5 JS sl o 2alS 53 (G5lo s T b ax 5 L6
5l ST anm g (51 05Y sl 5 018 b 5 OB S A 5 3 55 0



RS e Ll M5 T3 55 (LS sl Sl eliznel ¢ Kos (5 g S diyled o5
58 i Jasaln 5 (sl e s 5 g 4 cadsl 3l ge 4 (Kol
Sl el Conlsd it Ol 5 ¢ FT Sl ta s are 5 g 53 )l gm ol SUS s
L Wl bl g s Jorims SV guamms S804 cadsl sl e b i g8
S eslizal copl pogdle 35 Blod Jus s ol 5 536 slas sy 3l 5,80 e
23 S S als (kiS5 Pl Jo 1 (5 5 USRI sl S
sl ;B ola el b oIl (olamrl das 035530 5 (3Ll 5 ) 5 Caliee Jol e
23 dde 6 pdis )8 Glblfﬂljél:\fx\j@c&lijQJL;))ch-f\f): Jlazi!

Debh e Ol pl 53 Lo

éuy,w
..u,\.uefuau;)qu,?@aolfxﬁ,;

by JolS osb @ clidd (B jme ppw (i3 5385 Js sl by jiolie (2o ol 5o
Oy Jde (sdS™ (sla el b 1 & g3dte pslia( A) Jgudor s § o €1yl SLS
SLEY 6 20 FANY Gl 5 3) P O seams 1 K 055 () Jsd e =
w3 5 Jeols V) B O ladsds Sl ods S 05 ey (Frve (ST 3L
35 Calbes ST e Sdlie dias oo 1) 1) KaSK b as e SMged o JE s Je
om JBs e a3 ol s tilos LOT (o s ol bl aB
S5h n demloue ols b Cdles 5okd brails J guames ldie plul  Calides g
b s b 8 55 S 0 gl s gl planil (51 ol 4l s
Oleg WA+ g oo ol 3 5 ol ol (i a5 5 Y0 610 03 gudms 53 OT L o
Forrronn Gl dhac 2o hSTY e 51 28 glacdlas 6l 035 e S = 5 o sl

Sab o a5 b 55 (VF¥ 6k db w0 bl ) SLol &b Ol gea Ole g

e sla sl 4 bgs poolis A J g

AL abb i bl b i bl bl ke




CSst AR FFf  slLed-- GVpc AR
CFpft oF Qe FUu obbs Ae GHp AR
CUput  50--- FLI oLl 0 Bpl /5
CLplt RAARE FEe  slL.f--  Mpft N
CEet s f#e. DPpct  5ye.. Npet )
Y pame O35 4 bgs o polie A i
Jgama 035 J g
< Y\E P1
ceYVF P2
oYY P3
Ll S 5 OEAS el o kool V0 St
DSF) F1 F2 F3 F4
S1 YOA  YOY YYY Yoo
S2 VAY  AYA NOA YO
Ll IS 5 OB IS sl s Lo w58 )Y st
C(S,F) F1 F2 F3 F4
S1 FEFE,- e FO0F,ce FNAFe. Fpe. ..
S2 IALE RN 53 RNV § ORI AT TR
Lo s os o 5 il )8 o adkols VY Jsus
DFR) RI R2 R3 R4 R5 R6
F1 YYO  YFF YR YFA YFY oYYV
F2 YEA  YEY O YOF Y)Y YAY YO
F3 YEF VP OYVY O YYA O YYY O YPA
F4 YEA  YEV  YOF  YEY  YOF YO
Lo i de3 5 5 sl SIS L5 Ja 438 VY U5
C(F,R) R1 R2 R3 R4 R5 R6
F1 LA CICERIE A A1 IPPRUE X £ 0 W A /A RETINR & 1 7 WS A (72T
F2 FEEF, e FFFEce FOVY,eee FEAAee FOVY,eer FOee,een
F3 FVAA o FYOY,oee FARFeee 0,¥Y,eee FAAF .. FAVE,.-
F4 FEEE, e FEFSee FOVY,eee EVIFeee FOVY,eer FOVAe-




‘5}2~Zﬁfl}:)hu2}ﬁo>}>u_@d.pb\i J).\}

DR,C) CI C2 C3 C4 C5 C6 C7 C8 C9 Cl10 Cl1 CI12
R1 Voo 0 )% aF Y F& AY 33 \F AF  £F  AY
R2 %A 0 Y)Y $& 18 YA AF Y V- 5 Ve ¥b
R3 A% W\ 18 1% 48 YA Y £¥ Y W Ya Y
R4 V% VA YA YF £A Y \F Y Y YY  \F Yy
R5 %A Y¥ 18 0 5 FY 04 YA N F Y vy
R6  #) AY V¢ Y- AD YF YY 0F V- A\ YY  a¥

Srie 5 5 b Bes 2 S Jem aua N0 Jsd

C((:R Cl C2 C3 C4 C5 Co C7 C€C8 (€9 cC10 cCc11 cC12

< YA FYYe FXEY FAVY FYTE Y A) FoAT FAVA TYOY YPA YN0 YORR

Rl - T Y TR T TS PO CE T DO

YAVE TV TXVA FAYE FYEY YAFY YAOF TV FAA- YA YAAC YA

R2 Fer e eee Xeoo eee Xeoo Aee o eee . . e e

YOOF YAGA TYVe TYAL FAV) Yede Y oTF YO0 TYYE FOAA YTV YY\P
R3 S T e
FYEY FETE YO-F TEPA FAYE FYeF YYAA TYVF TS FEVE YYOY YFVF
R4 o PN, TN 7 VOURRPOD. SUSEEN e e e
YAV FAYY FXFY FYV. YA AT Y-8 FoTY FNAA LYY YL-0F TV
RS Fer Yoo eee e e Bee Yo Aee e e e
Yo% YAFY TYAL TXFe FAOF YoFF YFA Taee FOA- YNAA YFA TSR
R6 Aev  Fee s Y P S . Fer X

L;))TC;?)S\f}éJLZA f‘ywo\lﬁpb AR PRES

D(CL) L1 I12 L3 L4 LS
Cl1 Yy AT, V5. S A B A o
C2 Yf AV Yy V0
C3 [\ S VA I WA R \Y
(73 \a! Yf ooy vr \Y
C5 YA \Y 'Y \Y \F
C6 Yy £A 'O Vo AY
C7 AV A SR WA W
C8 ya \-. A SR TN \e.
C9 Yv vy 'Y ¥Y  vaA
C10 o \#YF YA Ay
Cl1 Ye YA Y \&vooay
C12 Aal ' Fn \$ Py




LS)J“@’.' Sl s Gime Al oe M e wa2 WY s

C(C.L) L1 i) 3 L4 L5
Cl Y,OVF,e e YYYE,.e.- YAYAY - YYVA. v YN0,
2 LA AR SCRSI o & £ PP PA CRTE O LT RPRR 1 AR
C3 FAOE, e YOSTA-e Y EYeee TOAAee YYYF...
C4 YVTA e FETY,ee YR Feee YEPAce YT
C5 L8 SRR X VPRI K ST XETT 3 20 RO 5 73 I
c6 ¥EFFee  YATEY-+  TXVeer YO Ae,er  TNOFSe-
c7 YAFA--e YONTFer FXOY.eee  YAV,ee  YASe Y-
C8 YOV, .- YOVA e o YAYY,Y-. - YV v YO A ove
c9 YAS, TAFee FYAEeee FAVE.ee TAFYY-
C10 FA e ee TYAAee TEEYee TYYEL.. YASVF..
Cl11 FEFA e FAEFee FYTE... FYISee YASAS-
C12 FVTA e TXOY,ee TXVAee o YYAAsee YT S

Sibes Sl s LS)JT@?. Sl o ol I i

DL,U) Ul U2 U3 U4 U5
L1 ¥ AR Ya fy A\n%
L2 WY % N
L3 \Y \Y VY AR} \O
L4 \O \O \# 'Y AR
L5 A% A% YA £y q

Silws Sl s 6»73-? S o JBsJe a8 N4 Jooer

cLU) Ul 02 U3 U4 Us
L1 ¥ANY,oor T E\Tyeer TNVoY,eer  FNOFer Y FFFes
L2 ¥¥\Feer YXVFeer YWVerer FARAce YNAeees
L3 FXVF e FXVSeee FYSee FFEY,o. TYVe...

L4 ¥WWe,rer  YXVeier Y¥AAer FYFFcr YNAAe-
L5 Yo fFFer Y, FFFer YV Xer TAY-Fer YNPY,-

s ez 2 5 Gl S dhols Ve

D(UR) RI R2 R3 R4 R5 R6

Ul A S A \ Y. A A4

u2 \ ¥ A% \ Y. A A4

u3 Y.0 YA 'A% 4 ). \Al

U4 Y 0F  AD Y- AY £




D(U,R)

RI R2 R3 R4 RS

R6

us

fv vy

7.\

YA VY

Y

L rspes 2 5 Glass Sl o JEs e aupa YY) i

C(U,R) R1 R2 R3 R4 RS R6
Ul FoEES e Y Ak e XY¥Feee TASLYe YASLYee YFFAL.
U2 YoFEF e Y VAees Y¥Feee YOSAYeo YOSLY.. YSEA-
U3 Fo0eFer TNY S ETEY e YA Y Aeees YAYRS.-
U4 R P R R O SRR A T2 A SR R Y R A RN
Us FAYAS . ¥R Ac0 FIYE.o FAYAS. YAYAS.. YVVEe.

L5k ST s ;S)ﬂ@:.- Sye o sl Y

D(L,E) El E2 E3 E4
L1 YYf \&. yva \7e
L2 V40 'Y Yo )
L3 YoF NEY O YEY  A¥Y
L4 \ay \YY Yoo 'Y
L5 \qy \va Yfy AR

b3k Sl d)ﬂ@? Sl o JE s Jem a0 YV g

C(L,E) El E2 E3 E4
L1 XYoo OAAo oo D, YY,eee OAAe,e e
L2 FOVe e OXOA e FBee,er DYDMo
L3 FVAees o 0008, 0  FYYF, 0,008, -
L4 SO, o0 YA, e FOVA, OYAf,. .-
L5 SEVE, e OXYY,ee. FFYS OYYY,. -

i SIS 5 Ll S e Lol Y8 Jpi

D(EA) Al A2 A3
El VAY Ay Vag
E2 AN YA g
E3 Y-q4  Yo- o YFF
E4 MY 8

C(E.A) Al A2 A3
El ONYS, oo SFVE,eee  YOYA,--
E2 EOAE, e OXYY,eee OAAe,e--
E3 YVYEY e [ IERE £¥ay, .-




C(E,A) Al A2 A3
E4 FOAF, .- OYYY,e v NV SV I

Ll )8 5 sl ST pe o dlole YU s
DEF) Fl F2 F3 F4

El VOF YOV VAL \PY
E2 VO YWYA YFP \va
E3 Yo AA a7 AA

E4 Ve YA NP AR

Ll )8 5 8Lk SThe o JEs Jom a5 YV Jst

C(E,F) Fl1 F2 F3 F4

El O’VV\"... A,/\Yf,... },\“Y‘.".. 9’..9’...

E2 B, Ve oo a,\‘.\"... B,FYA, o« AYYY,s o

E3 \AARRER FOAE, - FYYAc - F0AF,. -

E4 O, AN - [AARE SO OFYA e OXYY, -

ORCID

Mehdi Seifbarghy http://orcid.org/0000-0002-0772-4509
Shaghayegh Zangeneh http://orcid.org/0009-0009-1672-8198

s

5413 Jgol iul b 5 slaal ) OYAZ) L o Jol s cals S s — ula 6 Ol gd )
sler Shlasl 0hg (Oler 20 58 okl Jlgem 5 Wb ald) W5 5455
.J:;j:a‘ @KJJ‘J

S0l 5 01l 3 el b BUl Cards 018 (VYA gl ol o s Y

Al slgr Silasl gl O (K58 5 obeed Ol (V) o i) X

'j:,‘fjfd

References

1. Abbas, A., Jamshaid, H., & Munir, R. (2025). Thermal liners engineering
using carpet industry’s 100% waste wool and acrylic fibers; A
sustainable life cycle with energy preservation. Journal of Thermal
ScienceandEngineeringProgress, 59,103256.
https://doi.org/10.1016/j.tsep.2025.103256

2. Abdelwahab, M. A., Chang, B. P., Mohanty, A. K., & Misra, M. (2022).
Waste valorization in sustainable engineering materials: Reactive
processing of recycled carpets waste with polyamide 6. Journal




of PolymerTesting, 114,107681.
https://doi.org/10.1016/j.polymertesting.2022.107681

3. Adenle, Y. A., Haideri, S., & Sandouka, 1. (2024). Understanding the best
practices of cradle to cradle in furnishings, carpet, and textile
industries—A case studies analysis and conceptual model. Journal of
CleanerandCircularBioeconomy, 8,100088.
https://doi.org/10.1016/.clcb.2024.100088

4. Azarfam, M. Y., Maheshwari, A., Blum, F. D., Chaudhari, S., Switzer, C.,
Vaidyanathan, R., ... & Bandla, S. (2024). Recycled carpet-reinforced
composites from post-consumer polypropylene carpet and recycled
HDPE resin. Journal of Resources, Conservation and Recyclin.
https://doi.org/10.1016/j.resconrec.2023.107298

5. Bacon, F. C., Holland, W. R., & Holland, L. H. (1999). U.S. Patent No.
5,897,066. Washington, DC: U.S. Patent and Trademark Office.

6. Biehl, M., Prater, E., & Realff, M. J. (2007). Assessing performance and
uncertainty in developing carpet reverse logistics systems. Journal of
Computers&OperationsResearch, 34(2),443-463.
https://doi.org/10.1016/j.cor.2005.03.008

7. Brent, R. L. (2004). Environmental causes of human congenital
malformations: the pediatrician’s role in dealing with these complex
clinical problems caused by a multiplicity of environmental and genetic
factors. Pediatrics, 113(Supplement 3), 957-968.
https://doi.org/10.1542/peds.113.S3.957

8. Bucci, M. J. (2009). Solution procedures for logistic network design models
with economies of scale. North Carolina State University.

9. Bucci, M. J., Woolard, R., Joines, J., Thoney, K., & King, R. E. (2014).
Incorporating economies of scale into facility location problems in
carpet recycling. Journal of The Textile Institute, 105(12), 1300-1311.
https://doi.org/10.1080/00405000.2014.890833

10. Butar Butar, M., Sanders, D., & Frei, R. (2016). Measuring performance
of reverse supply chains in a carpet manufacturer. Journal of Advanced
ManagementScience, 4(2),152-158.
https://doi.org/10.12720/joams.4.2.152-158

11.Chang, C. T. (2007). Multi-choice goal programming. Journalof
Omega, 35(4),389-396. https://doi.org/10.1016/j.omega.2005.07.009

12.Charnes, A., & Cooper, W. W. (1957). Management models and industrial
applications of linear programming. Management science, 4(1), 38-91.
https://doi.org/10.1287/mnsc.1.2.138

13.Chaudhuri, S. K. (2018). Structure and properties of carpet fibres and
yarns. Journal of Advances in carpet manufacture (pp. 17-34).
Woodhead Publishing._ https://doi.org/10.1016/b978-0-08-101131-
7.00002-2

14.Choi, T. (2017). Environmental impact of voluntary extended producer
responsibility: The case of carpet recycling. Journal of Resources,
ConservationandRecycling, 127,76-84.
https //doi.org/10.1016/j.resconrec.2017.08.020




15.Chou, S. Y., & Chang, Y. H. (2008). A decision support system for supplier
selection based on a strategy-aligned fuzzy SMART approach. Journal
ofExpertsystemswithapplications, 34(4),2241-2253.
https://doi.org/10.1016/j.eswa.2007.03.001

16.Cline, A., LeMay, S., & Helms, M. M. (2015). A framework for reverse
logistics: the case of post-consumer carpet in the US. Journal of
CommerceandManagement, 25(4),466-489.
https://doi.org/10.1108/ijcoma-02-2013-0013

17.Cunningham, P. R., & Miller, S. A. (2022). A material flow analysis of
carpet in the United States: Where should the carpet go?. Journal of
Cleaner Production, 368,133243.
https://doi.org/10.1016/j.jclepro.2022.133243

18.Deschamps, M. (1998). U.S. Patent No. 5,829,690. Washington, DC: U.S.
Patent and Trademark Office.

V4. Hawn, K. (Y++)). An overview of commercial recycling technologies and
textile applications for the products. Presentation at the 1th Annual
Conference on Recycling of Polymer, Journal of Textile and Carpet
Waste, Dalton, GA, April ¥+—May .\

20.El-Hadidy, A. M. A. (2001). Structure of New Types of Filter Bags out of
Textile Waste. Journal of MEJ-Mansoura Engineering, 15(2), 97-110.

21.Franco, A., Marchetti, P. A., Méndez, C. A., & Zeballos, L. J. (2023).
Supply chain design and planning for the carpet industry considering
recycling  processes. Journal —of  Computers &  Chemical
Engineering, 179,108456.
https://doi.org/10.1016/j.compchemeng.2023.108456

22.Ghanbarzadeh-Shams, M., Yaghin, R. G., & Sadeghi, A. H. (2022). A
hybrid fuzzy multi-objective model for carpet production planning with
reverse logistics under uncertainty. Journal of Socio-Economic
PlanningSciences, 83,101344.
https://doi.org/10.1016/j.seps.2022.101344

23.Helms, M. M., & Hervani, A. A. (2006). Reverse logistics for recycling:
challenges facing the carpet industry. Journal of In Greening the supply
chain (pp. 117-135).https://doi.org/10.1007/1-84628-299-3 7

24 Ishikawa, S. (2007). Raw Materials-High efficiency and long on-stream
life polymer filters. Journal of Chemical Fibers International, 57(1),

25.Jain, A., Pandey, G., Singh, A. K., Rajagopalan, V., Vaidyanathan, R., &
Singh, R. P. (2012). Fabrication of structural composites from waste
carpet. Journal of Advances in Polymer Technology, 31(4), 380-389.
https://doi.org/10.1002/adv.20261

26.Jessieleena, A., Rathinavelu, S., Velmaiel, K. E., John, A. A., & Nambi, 1.
M. (2023). Residential houses—a major point source of microplastic
pollution: insights on the various sources, their transport,
transformation,andtoxicitybehaviour. Journal ~ of  Environmental
Science and Pollution Research . https://doi.org/10.1007/s11356-023-
26918-1




27.Louwers, D., Kip, B. J., Peters, E., Souren, F., & Flapper, S. D. P. (1999).
A facility location allocation model for reusing carpet
materials. Journal of Computers & industrial engineering, 36(4), 855-
869. https://doi.org/10.1016/S0360-8352(99)00168-0

28.Lu, D., Overcash, M., & Realff, M. J. (2011). A mathematical
programming tool for LCI-based product design and case study for a
carpet product. Journal of Cleaner Production, 19(12), 1347-1355.
https://doi.org/10.1016/j.jclepro.2011.04.004

29.McNeil, S. J., Sunderland, M. R., & Zaitseva, L. 1. (2007). Closed-loop
woolcarpetrecycling.Journalof Resources,ConservationandRecycling,
51(1), 220-224. https://doi.org/10.1016/j.resconrec.2006.09.006

30.Miraftab, M., Horrocks, R., & Woods, C. (1999). Carpet waste, an
expensive luxury we must do without!. Journalof Woodhead
PublishingSeriesinTextiles, 1(1),1-7.
https://doi.org/10.1533/9780857092991.3.173

31.Miraftab, M. (2018). Recycling carpet materials. Journal of Advances in
CarpetManufacture (pp.65-77). WoodheadPublishing.
https://doi.org/10.1016/B978-0-08-101131-7.00005-8

32 Murray, J. J., Frost, J. D., & Wang, Y. (2000). Behavior of a sandy silt
reinforced with discontinuous recycled fiber inclusions. Journal of
Transportationresearchrecord, 1714(1),9-17.
https://doi.org/10.3141/1714-02

33.Realff, M. J.,, Ammons, J. C., & Newton, D. (1999). Carpet recycling:
determining the reverse production system design. Journal of Polymer-
Plastics Technology and Engineering, 38(3), 547-567.
https://doi.org/10.1080/03602559909351599

34 Realff, M. J., Ammons, J. C., & Newton, D. (2000). Strategic design of
reverse production systems. Journal of Computers & Chemical
Engineering, 24(2-7), 991-996. https://doi.org/10.1016/S0098-
1354(00)00418-X

35.Realff, M. J., Ammons, J. C., & Newton, D. J. (2004). Robust reverse
production system design for carpet recycling. lie Transactions, 36(8),
767-776. https://dx.doi.org/10.1080/07408170490458580

36.Realff, M. J., Lemieux, P., Lucero, S., Mulholland, J., & Smith, P. B.
(2005, May). Characterization of transient puff emissions from the
burning of carpet waste charges in a rotary kiln combustor.
In Conference Record CementIndustryTechnicalConference.
https://doi.org/10.1109/CITCON.2005.1516363

37.Rowe, R. G. (2000). U.S. Patent No. 6,061,876. Washington, DC: U.S.
Patent and Trademark Office.

38.Sas, 1., Joines, J. A., Thoney, K. A., & King, R. E. (2019). Logistics of
carpet recycling in the US: designing the collection network. Journal
of The Textilelnstitute, 110(3),328-337.
https //doi.org/10.1080/00405000.2018.1480101

39.Sas, 1., Thoney, K. A., Joines, J. A, King, R. E., & Woolard, R. (2015).
Reverse logistics of US carpet recycling. Journal of Sustainable fashion
supply chain management. (pp. 3-30).




https://doi.org/10.1007/978-3-319-12703-3 1

40.Sellers, K. O. (1998). Reduce, Reuse, Recycle in the Carpet Industry. Text.
World, 148(9), 75.

41.Shi, Y., Tian, G., Ni, R., Zhang, L., Hu, W., & Zhao, Y. (2023). Facile and
green lyocell/feather nonwovens with in-situ growth of ZIF-8 as
adsorbent for physicochemical CO2 capture. Journal of Separation and
PurificationTechnology, 322,124356.
https://doi.org/10.1016/j.seppur.2023.124356

42.Simon, A., Tripathi, A., Surehali, S., & Neithalath, N. (2023). Carpet fiber
recycling in regular-use concrete mixtures and associated life cycle
analysis. Journal of Waste Management Bulletin, 1(3), 103-114.
https://doi.org/10.1016/;.wmb.2023.07.005

43.Serio, M. A., Kroo, E., & Wojtowicz, M. A. (2003). Biomass pyrolysis for
distributed energy generation. Prepr. Pap. Am. Chem. Soc., Div. Fuel
Chem, 48(2), 584-589.

44 Sferrazza, R. A., Handermann, A. C., Atwell, C. H., & Yamamoto, D. K.
(1996). U.S. Patent No. 5,535,945. Washington, DC: U.S. Patent and
Trademark Office.

45.Sharer, P. C. (1996). Meth od of recycling carpet forming components from
waste carpet. Journal of Cleaner Production, 3(4), 234.

46.Sotayo, A., Green, S., & Turvey, G. (2015). Carpet recycling: a review of
recycled carpets for structural composites. Journal of Environmental
Technology&Innovation, 3,97-107.
https: //doi.org/10.1016/j.eti.2015.02.004

47 Strzelecki, C. (2004). Modern solutions for shredding, grinding and
repelletizing post-industrial fiber, nonwovens and carpet scrap.

48.Swift, K., & Sanchez, E. (2017). The US carpet industry: history, industry
dynamics, and a simple model for short-term forecasting. Business
Economics, 52(1), 57-67.

49.Thoney, K. A., Sas, L., Joines, J. A., & King, R. E. (2020). Logistics of
carpet recycling in the US: designing the recycling network. Journal of
The Textilelnstitute, 111(12),1724-1734.
https://doi.org/10.1080/00405000.2020.1723257

50.Wang, Y., Zureick, A. H., Cho, B. S., & Scott, D. E. (1994). Properties of
fibre reinforced concrete using recycled fibres from carpet industrial
waste. Journal ~ of  materials  science, 29(16),  4191-4199.
https://doi.org/10.1007/BF00414198

51.Wang, Y. (1999). Utilization of recycled carpet waste fibers for
reinforcement of concrete and soil. Journal of Polymer-Plastics
Technology and Engineering, 38(3),533-546.
https://doi.org/10.1080/03602559909351598

52.Wang, Y. (2006). Carpet recycling technologies. Journal of Recycling in
textiles, 58-70. https://doi.org/10.1533/9781845691424.1.58

53.Wang, Y. (2010). Fiber and textile waste utilization. Journal of Waste and
biomass valorization, 1(1), 135-143. https://doi.org/10.1007/s12649-

009-9005-y




54.Wang, Y., Wu, H. C., & Li, V. C. (2000). Concrete reinforcement with
recycled fibers. Journal of materials in civil engineering, 12(4), 314-
319. http://dx.doi.org/10.1061/(ASCE)0899-1561(2000)12:4(314)

55.White, D. W. (2000). U.S. Patent No. 6,029,916. Washington, DC: U.S.
Patent and Trademark Office.

56.Yamamoto, D. K., & Viveen, P. (1996). U.S. Patent No. 5,516,050.
Washington, DC: U.S. Patent and Trademark Office.

57.Yasin, S., Hussain, M., Uddin, A., Zheng, Q., Shi, J., & Song, Y. (2024).
Recycling of binary polymer (PET/SBR) carpet into microfibrillar
composites: A life cycle perspective with microplastics
quantification. Journal of Sustainable Materials and Technologies, 40,
https://doi.org/10.1016/j.susmat.2024.¢00988

58.Zimmermann, H. J. (1975). Optimale Entscheidungen bei unscharfen
Problembeschreibungen. Zeitschrift fiir betriebswirtschaftliche
Forschung, 27, 785-796.

References [In Persian]

59.Schumann, Dr.H.D & Thiele, Dr. U.K (2007). Polyester Producing Plants:
Principles and Technology (Shahin Kazemi & Sepahdar Ansari Nik,
Translated). Tehran: Jihad Daneshgahi, Amirkabir University Press.

60. Eivazadeh, E. (2013). Report on the Status of Polyester Fibers in Iran and
the World. Iranico.

1Y Nouri, M. (Y+YY). *Chemical and physical structure of textile fibers*.
Amir Kabir University of Technology, Jihad Daneshgahi

o2 oslad) o (S ) 4 125 Ol e Ao Ol i (L) 0 el iy 5 S5l il o il (9 g Sk

—(D S
Seifbarghy, M., Zangeneh, SH. (2026). Closed-Loop Supply Chain

Design in Textile Industry, Journal of Industrial Management Studies,



