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Abstract

Purpose: In this research, a recyclable waste is used to manufacture a specific product. For this reason, a supply chain is
considered containing manufacturer, recycler, and waste warehouse. First, the customers’ demand for the considered
product is determined based on its price. Then, the manufacturer produces it from a waste with specific recyclability rate.
The waste warehouse collects the waste and the recycler recycles it. The manufacturer meets his requirements through
two different channels. He can procure the non-recycled waste from the waste warchouse and then recycles it himself,
or can buy the recycled waste from the recycler. The manufacturer selects these channels based on the established
situations.

Methodology: The game theory is applied to make the decisions under two considered channels. In this setting, a
Stackelberg game is developed based on the competitive situation established among the members, where the
manufacturer has higher decision power than the waste warehouse and recycler.

Findings: Eventually, the given strategies are discussed and the obtained results are presented. Results indicate that the
manufacturer selects each channel as a threshold is met. Moreover, more recyclability rate of the considered waste leads
to higher profits for the members.

Originality/Value: In this reseatch, to provide the waste matetials requited for producing a product, the game-theoretic

approach as well as the concept of the channel-selection are used. It can be stated that this issue has been proposed for
the first time in the literature.
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Table 1- Details of the reviewed papers.
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Table 2- Symbols used in the considered problem.
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Figure 1- Structure of the considered problem.
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Figure 2- Changes of the prices in regard to b.

d
40000

30000

V-_MS

20000

10000

525 5 (G S,

b s Lol O s - SO
Figure 3- Changes of the demands in regard to b.

u
5x10%

3
4x109 v
.

3x109
2x10%,

1x10°

AFY-AF v taip NY Y QL"MA‘) ¥ b‘)LQ.a:l A 0)93 GC)\:J».GJ.}

b
0.04 0.05

Figure 4- Changes of the profits in regard to b.

-l S A5 Sl Sl se el Bl 3k Dbl e Glejed Dl 4 Cod L s 5 LS dalad Dbk 0god (i o
L Lledls 03l dL&; \% ‘}i& 6o J&i)) A.,.;SJSM ()/) L;L&'{Lﬁ J‘j.d L;X'Jg‘\:aﬁlijb Cf} (k) &L@ J}W

Archive of SID.ir



Archive of SID.ir

AoV

P alga Sl oddaslus  guases S A58 (gl 52 50 ads) 3lse (el JULS el (gl (5l 4 i 2,50,

[
H P
H pid
L ps?
B p’

Figure 5- Changes of the prices in regard to k and y.

40000 ,
30000 u d1‘
20000\ u dzz
d10000 5 Had
0.8~ b a;?

M a?

¥ 3K 4 o oS Sl - # IS
Figure 6- Changes of the demands in regard to k and y.

it |
.

G4x11008I’ " UJ‘

¥ 2

b u

U2x10°} = %

0.8 "~ ke

W u’

0.5 2

¥ 9 K & Coand g ol s -V S
Figure 7- Changes of the profits in regard to k and y.

‘s.ufd.o ‘_gL&boLﬁ.\,go -

:V'Ub U"'L‘N‘U'L\JJ L M\}> ("A‘Jﬁ 0 Lfbr" B a.\.&dibl c}_L‘b L] .Ljaf g_;:iJ'.’.J" élﬁc@.\ib gf:""" U'i\ BE

gt 35 5linsge Sl slse (5545 Col b oty e 0SS oS 31 (Y A 31 B 80) V 2 ke o
SUd 5 sl o Slyo 3L 3 SIS 5 S S S5 Ly UnT e 63505 5 ey 3 Slslio 5L 3l kil

LS S U pesie jldde S )

Archive of SID.ir



Archive of SID.ir

33 (sl CBL3L au a3 5 akiSI 5 sl Sl slee C3L3L 4y 5 S olKim (Y 4 51 48 ,50) ¥ & ke oS
Slalio S 31 a2 C3L3L Sppons |y 355 Slinyse Slalio slee aliSUs oS Al 53 ol Jpame Lol Al oS

235 50 0dS L 3L el Bl 3L Doy s 1y Slse cpl (g5 a8 Sl Al 5 5y S CalsL \,La;jwja;y; Sl >~

2SI (sl ALk au A 3 5 S5 (sl Sl sl L3k ay a8 (a5l 4B S ) ¥ ke oS
L3k s ol Sl Sl 31 sl ppons [y 355 5kinyse Slalis slpe 0055 45 A 53 Jpvames Cuod ol

Alad oo (gl 3 0duS AL 5L 3 e S CBL 5L oy suods 1y slse l (5948 Sl Il ) 5 Ay S e

AOA

E

JS.&Q&)SL(&L@Jd}ﬁ’wduwgb&s%ﬂhwQM%M&HJ‘&;J;)\‘ﬁﬁ#eg.l.:}
53l e alS palio oy gLiasl Lo g ol e (Glaaed () Cad 4 Cond Jgnames Lol Sl 55 oy Sl L oY
&ASB&L@ JW CM».:.«O oJWSJ.:S}S ‘J“{ig;‘ u:"i‘)" u“,g;.q.}daw &L@; JW 6@@ L}.:L»&gg_ﬁ_{fp S&L{.‘A 8b

.J.gw&xajjrfb:jég;.‘,.}Jd)ﬁu}:}wﬂujcgqjM:@:j\b&;éo@;&bJ.a_sup

“ 4>_93 L: (&L@a JM ‘5Lpus ‘;bdzﬁsvﬂﬁ LY C..:-w.: L;owﬁabia C..:ML.\’ J:.‘MJ‘ &'éjfj) 0 Ji}:’.h a\f..lib
GLolE 4 5 5 2lgs dpares Lol talS @ ot (T Cansd 0 S 2l Jraoes Lol Sl 58 o 100 SRl331 Y S
255 o Sl slse

"-:0-'493

JS.\LA.:&}?L:(&L@JJW&L@L&J@&S%FQWJwﬁ:u&ww&#}‘dﬁj)9@2}1‘.’.&6@%:
Bl il LS oy 5 Slins) e 5 e & s il s GBS o SIS oF

’de.f

b 55 ey (liasl s alis il oo iall O Cand a0 Cond olgs dsnames (SLols lu 38 o 1o oS o5 T
b daalg el alols 5 bl JialS 4 g

SRSk #5553y 90 0db Bl 5L Slaalio 5Idie 4) o Slorand Sl Julo 51 48,87) V (2 ko oS
£ R LU e Jpames dols G A5 gl o0y 0 03k Slalis e (231 L O IS a5 L 1 slaslio 15
u\.dLid J’;i\}é\ IR J.J.Ln'uﬁ S a..\.&r}\.&\ LSLQCA.Q.;! cg;';bt._:.u D“}A LSJ.:J.:QJL.{)L:

SAIL3L F 5 55 90 oSl 3L Slaslio 51 he &) s Lol 3l Sl Joows 51143,82) A 3 ke oS5
UL 5 2l Ipmamme Aoty SO A5 (5l 35350 033 Slalis Jle oS slSn o Ko 4y a5 L 1 glalio 3lgo
oI LS e My Rl 55 Slalio slse 5 ol Jsmazme LB il oo GBI Glespn S ot 55 a Sl slse 2y
DS Lol « Slalis slgo 5 2yl 5 28 b 5 s s dinls S A5 (51 550 a3 5L Slaylio s

Sl slos b33k 5 bl 5 olg daze dls SO S Gl Sl ge el L3k Sl jlude alS dul o

AYY=AF ¢ tasip NP Y QL’LW.A) ¥ o)Lo.«il Aoygs cQL_Jw.GJD "_-

b o op b gm oIk Slalis sln Lo GEalS ety Slalio sl s ol pnas SLES G213 4 i
e 4 Ol s A 53 45553055 (23 il G533 Flalio slgs (5ol L ably ool pleen alS

J}—w UL‘..‘ omukﬁ‘)b ‘_;JL&‘{L& Jl}ﬁ) &L@J d}».d?r-ﬁ 6L~ﬂw ))jﬁ Bl

GR35k #5553 90 el b Slalio e 4y Capmd 3 9o ppolis Sl s 51 48.575) 4 0 ko oS
F5 o b ol dsmams d1y S S 6l 3lisy s eddiil 3l Sl s JalsL Y ISe w5 L (sl slse

Al o SRl el (5Ll 3 g ¢ Slalis Slse 5 et

SRS g (S 5 Azl -V

liSUS g Jolss slioony )5 ol Jsmams K A5 (sl (BLOL Dl oas fliu 5 (108 ks Dlasonas 3udos ol 5o
)'L:J))}A JL&.{L& J‘}A W\)SL!A ou\;;su\.:.b: couwﬁé;jléi BE u.:atoﬂx) Cod CJ;)\); IR CJL*._{L&)L;\} ou\MSgLJLi)L:

Archive of SID.ir



Archive of SID.ir

Ao

P alga Sl oddaslus  guases S A58 (gl 52 50 ads) 3lse (el JULS el (gl (5l 4 i 2,50,

ot 1y 3l ol aSenl b (V JBLS) LS 303G 1 Lol w5 03500 (50 5 Slalio Lol 3 edis il 3h o ppeoas |y 355
22 3k Sllio slgs 5 ol Jgmames 4 by o (Saaadd (5o (Sl e (Y UL ilad 408 S T3L 3L Sl el Bl 5
bl rld Conio )3 ade Js SG ¢y 50 Al g 105 (61 sl 5o bl ool (63 4,5 5,55, 51 Y 5 ) sladlls
0 iSU 5 o) gy 4 i3 oo GLES gl el sy gl - 94385 513 oL 3 g0 083U Slosonssd Sl 53 s S
33k a3 ST S L350 L LT s 5 03505 (50l 3 Slalio Sl 31 edts 3l 30 S pmon [ 355 5L83550 Slalis slge
3Lk a3 31 58 ediSU 5 (gl Slalio slge CBL L ay 5 45 olKin LBl 508 attie Jlde 5l g5 Sl Slalis ol
Jgames GLold SluiS o Gl b o g dals ¥ UL 51 50 VJBK 5o ol dsamee Lol cunl sS85k 6
e Gl e Al g LS ) 23558 (o) 3 oS (SUad g 5 LS dacnd (Ol el 4 o g
Sy il 4 s Sl dlps (6 p T3Sk F 5 Rl e dgeames dls S A5 Gl Sliayse el Olaylis
Ol s ST Olidins 55 . dl eslinal e Jlos (sl oadad (30 a3 5,55 55 31 G ol 3 - daal g sl oy (SLiasl
Sleslyl b Jlesl 31 ol g e 235 0 las 13 59250 oalad pie ) 6o b ezl b (36 ($5lede 3,055

3 ge3 03l gy 23590 sl paes ) Cood Dlasanad (6 5lucKinlon (5l Calzses

Sl b

Lld gads CBL 3 3z a4y KaS L 4y aﬁ@a (G Al 3 534S W ls e el dllie ) RICRENARTPERY
&L b oyl

WQ@M}:M ‘_5)\.)..': J?jbwu_l\)u&J 5)y)38w)565w@45~5)"6‘ r)\.‘«\ s u..:" dg‘)‘“"“i}-‘ 4'1‘.:‘““5;1'1‘)"’
db— BN oJuiJ;?)b’- f’ui:i 0S¢ uj ul..a\ le Jlis ASJMS@ w.o..,z": u@.)m.iy .J.':‘objs .,\.:.:‘U} sdalie b o.l..i:du)‘ &Lg_:

AL e Ll Lo el

&b

[1] Poudel, B., Maley, J., Parton, K., & Morrison, M. (2021). Factors influencing the sustainability of micro-hydro
schemes in Nepal. Renewable and sustainable energy reviews, 151.
https://www.sciencedirect.com/science/article/pii/S1364032121008224

[2] Lim, J. Y., Safder, U., How, B. S., Ifaei, P., & Yoo, C. K. (2021). Nationwide sustainable renewable energy and
power-to-X deployment planning in South Kkorea assisted with forecasting model. Applied energy, 283.
https://www.sciencedirect.com/science/article/pii/S0306261920316883

[3] Razmjoo, A., Gakenia Kaigutha, L., Vaziri Rad, M. A., Marzband, M., Davarpanah, A., & Denai, M. (2021). A
Technical analysis investigating energy sustainability utilizing reliable renewable energy sources to reduce CO2
emissions in a high potential area. Renewable energy, 164, 46-57.
https://www.sciencedirect.com/science/article/pii/S0960148120314622

[4] Diaz Gonzélez, C. A., & Pacheco Sandoval, L. (2020). Sustainability aspects of biomass gasification systems for
small power generation. Renewable and sustainable energy reviews, 134.
https://www.sciencedirect.com/science/article/pii/S1364032120304706

[5] Wang, W., Feng, L., Zheng, T., & Liu, Y. (2021). The sustainability of ecotourism stakeholders in ecologically
fragile areas: implications for cleaner production. Journal of cleaner production, 279.
https://www.sciencedirect.com/science/article/pii/S0959652620336519

[6] Zgheib, N., & Takache, H. (2021). Recycling of used lubricating oil by solvent extraction: experimental results,
Aspen Plus simulation and feasibility study. Clean technologies and environmental policy, 23(1), 65-76.
https://doi.org/10.1007/s10098-020-01893-0

[7] Menges, R., Cloos, J., Greiff, M., Wehrle, J., Goldmann, D., & Rabe, L. (2021). Recycling behavior of private
households: an empirical investigation of individual preferences in a club good experiment. Clean technologies
and environmental policy, 23(3), 843-856. https://doi.org/10.1007/s10098-020-01929-5

[8] Jang, Y. C., Lee, G., Kwon, Y., Lim, J., & Jeong, J. (2020). Recycling and management practices of plastic
packaging waste towards a circular economy in South Korea. Resources, conservation and recycling, 158.
https://www.sciencedirect.com/science/article/pii/S0921344920301191

[9] Vazifeh, Z., Mafakheri, F., & An, C. (2021). Biomass supply chain coordination for remote communities: a game-
theoretic modeling and analysis approach. Sustainable cities and society, 69, 102819.
https://www.sciencedirect.com/science/article/pii/S2210670721001104

Archive of SID.ir



Archive of SID.ir

[10] Jeihoonian, M., Kazemi Zanjani, M., & Gendreau, M. (2022). Dynamic reverse supply chain network design under
uncertainty: mathematical modeling and solution algorithm. International ransactions in operational research,
29(5), 3161-3189. https://onlinelibrary.wiley.com/doi/abs/10.1111/itor.12865

[11] Hammond, D., & Beullens, P. (2007). Closed-loop supply chain network equilibrium under legislation. European
journal of operational research, 183(2), 895-908.

[12] Jafari, H., Hejazi, S. R., & Rasti-Barzoki, M. (2020). Game theoretical approach to price a product under two-
echelon supply chain containing e-tail selling channel. International journal of services and operations
management, 36(2), 131-160. https://www.inderscienceonline.com/doi/abs/10.1504/IJSOM.2020.107206

[13] Jafari, H., Safarzadeh, S., & Azad-Farsani, E. (2022). Effects of governmental policies on energy-efficiency
improvement of hydrogen fuel cell cars: a game-theoretic approach. Energy, 254.
https://www.sciencedirect.com/science/article/pii/S036054422201297X

[14] Jafari, H. (2022). Investigating environmental and economic aspects of sustainability by recycling PET plastic AT
bottles: a game-theoretic approach. Clean technologies and environmental policy, 24(3), 829-842.
https://doi.org/10.1007/s10098-021-02216-7

[15] Rasti-Barzoki, M., Jafari, H., & Hejazi, S. R. (2017). Game-theoretic approach for pricing decisions in dual-
channel supply Chain. International journal of industrial engineering & production research, 28(1).
http://ijiepr.iust.ac.ir/article-1-688-en.html

[16] Nagurney, A., Yu, M., Floden, J., & Nagurney, L. S. (2014). Supply chain network competition in time-sensitive
markets. Transportation research part E: logistics and transportation review, 70, 112-127.
https://www.sciencedirect.com/science/article/pii/S1366554514001227

[17] Nagurney, A., & Li, D. (2014). Equilibria and dynamics of supply chain network competition with information
asymmetry in quality and minimum quality standards. Computational management science, 11(3), 285-315.
https://doi.org/10.1007/s10287-014-0216-8

[18] Nagurney, A., & Toyasaki, F. (2005). Reverse supply chain management and electronic waste recycling: a
multitiered network equilibrium framework for e-cycling. Transportation research part e: logistics and
transportation review, 41(1), 1-28. DOI:https://doi.org/10.1016/j.tre.2003.12.001

[19] Sun,J., & Debo, L. (2014). Sustaining long-term supply chain partnerships using price-only contracts. European
journal of operational research, 233(3), 557-565.

[20] Nagurney, A., & Yu, M. (2012). Sustainable fashion supply chain management under oligopolistic competition
and brand differentiation. International journal of production economics, 135(2), 532-540.
https://www.sciencedirect.com/science/article/pii/S0925527311000739

[21] Wang, J., Li, W., Mishima, N., & Adachi, T. (2020). Formalisation of informal collectors under a dual-recycling
channel: a game theoretic approach. Waste management & research, 38(5), 576-587.

[22] Dong, X, Li, C., Li, J., Wang, J., & Huang, W. (2010). A game-theoretic analysis of implementation of cleaner
production policies in the Chinese electroplating industry. Resources, conservation and recycling, 54(12), 1442—
1448. https://www.sciencedirect.com/science/article/pii/S0921344910001564

[23] Chen, P.-C., Chiu, M. C., & Ma, H. (2016). Measuring the reduction limit of repeated recycling — a case study of
the paper flow system. Journal of cleaner production, 132, 98-107.

[24] Bing, X., Bloemhof-Ruwaard, J., Chaabane, A., & van der Vorst, J. (2015). Global reverse supply chain redesign
for household plastic waste under the emission trading scheme. Journal of cleaner production, 103, 28-39.
https://www.sciencedirect.com/science/article/pii/S0959652615001328

[25] Krikke, H., Bloemhof-Ruwaard, J., & Van Wassenhove, L. N. (2003). Concurrent product and closed-loop supply
chain design with an application to refrigerators. International journal of production research, 41(16), 3689-3719.
https://doi.org/10.1080/0020754031000120087

[26] Chen, Y.J., & Sheu, J. B. (2009). Environmental-regulation pricing strategies for green supply chain management.
Transportation research part E: logistics and transportation review, 45(5), 667-677.

[27] Shirvanimoghaddam, K., Motamed, B., Ramakrishna, S., & Naebe, M. (2020). Death by waste: fashion and
textile circular economy case. Science of the total environment, 718.
https://www.sciencedirect.com/science/article/pii/S0048969720308275

[28] Jafari, H. (2019). Sustainable development by reusing of recyclables in a textile industry including two collectors
and three firms: a game-theoretic approach for pricing decisions. Journal of cleaner production, 229, 598-610.
https://www.sciencedirect.com/science/article/pii/S0959652619313095

[29] Islam, S., & Bhat, G. (2019). Environmentally-friendly thermal and acoustic insulation materials from recycled
textiles. Journal of environmental management, 251.
https://www.sciencedirect.com/science/article/pii/S030147971931254X

oo | (5 fanr

”de.f

AYY=AF+ taein N Y QL’LW.A) ¥ a)Lo.«.’ll A 0y cQL_Jw.GJ.) 3

Archive of SID.ir



