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Abstract

Purpose: The purpose of this paper is to address one of the most critical challenges faced by organizations today:
controlling carbon dioxide emissions. This study aims to provide a model for designing a green supply chain
network that minimizes total network costs while incorporating environmental considerations. The research seeks
to achieve a balanced optimization of costs, carbon emissions, and service levels in supply chain management.
Methodology: This study proposes a novel integrated optimization model that considers economic, environmental,
and customer satisfaction aspects within the supply chain network. The mathematical model is formulated as a
Mixed-Integer Nonlinear Programming (MINLP) problem. An exact method is employed to solve the model, which
is coded and implemented using GAMS optimization software. The efficiency and effectiveness of the model are
validated through numerical examples and data analysis.

Findings: The results demonstrate the model's ability to optimize both economic and environmental dimensions
while maintaining high service levels and customer satisfaction. The numerical examples, solved for problems of
varying dimensions, confirm the practicality and effectiveness of the proposed approach. The findings highlight the
trade-offs between cost minimization, carbon emission reduction, and service quality in supply chain networks.
Originality/Value: This reseatch contributes to the field by presenting a new integrated optimization model that
simultaneously addresses cost efficiency, environmental sustainability, and customer satisfaction in green supply
chain design. The use of a mixed-integer nonlinear programming approach and its implementation in GAMS
provides a robust framework for solving complex supply chain problems. The study offers valuable insights for
organizations aiming to achieve sustainability goals while maintaining economic viability and customer-centtic
operations.

Keywords: Carbon emission, Green supply chain, Optimization, Service level, Supply chain management.

Corresponding Author: arasteh@nit.ac.ir
d.} 10.48313/jqem.2025.514959.1511

Licensee System Analytics. This article is an open access article distributed under the terms and conditions of the Creative
@® Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0).


mailto:dastam66@gmail.com
mailto:arasteh@nit.ac.ir
https://doi.org/10.48313/jqem.2025.514959.1511
http://www.pqprc.ir/
mailto:arasteh@nit.ac.ir
https://orcid.org/0000-0001-9142-1481

Sl S g0 § (WO

v7

WWW.pqprc.ir

¥A-FA(VFF) () oyl VO oy9

Wl 4G &33

9 shareun) CoudsS 39 ST S yaalio iy dz S e b

S o ol 53l

*aul | alllge

ulf‘ (bbb gs’lﬁl‘“’y e S oisls aé.:L.o (o osjf

LS

o ot ShemS163 L] J S iz 55 T b ol s 53 Uaila s oS ol sl (Sa 20l 51 Sy oyt allie ol ok 2bka
Sl Jlpoe 53 5 Bl Pla a1y aKs IS glaay 3o a5 das 4yl s el oy a3 >1b (gl Jde 3)ls dad anlllas
i 93 ot s 5 S JL551 as3m plos Uslate (§3ntigs S 42 ltd ot 55 UER3s ol 03 SE e 53y et
sl (palio ey Ly pake

2L Coli) 5 Jaomel ) s3baidl glaass 45 das o bl @l s a5 LSS (g lutingy Jdho S andlas ool 1 gl owlid Sy,
000 o Tl 0l i ge p e sdemlalis ot 8 (655000 s SO Doty by e S e 55 alie oy 4SS
Gk 5 Jde 850 31 5 SblS el ol (giluwesly 5 o 534S GAMS (g 5luaing )lj'é\(sj': Sesliial b aSedss 4 S jSa Jus Jo sl 535
ol 45 S 515 et jlzel 5550 Laesls s 5 (g3ue (sladle

s oo ol (6 b Sl 5 Sleds (VL gl i LS 5 ae ) 5 s3latl sl (luaigy 0 1) ddbe LIS Laal
ol 5le sladslas 4 aasly A o dub ) (65lgniny 3 S5 05 3950 90 5 (65,8 cLilodds fo Caliseo slasl by Jilows (gl 4 (650 sladle
503 o)t penlis s (SRS )3 ook kS 5 S AT 2alS ey 3o

3 ety (L e 3a DS 4 Gleser sbas oS L 4z LSS (oluaig Je SO bl b s cnl i sede 0953 25,0/ Lol
}@Ma.\p—kl:éu B o8 (S5 54l 5,85 95 5l eslinal A8 e KaS ede 0)sm 4 3313 g0 o eilio ey b 3 (6 e ol
Sl b eyl Gla iy andllas (ol S o a3 sy ey Bl > Sl 558 sl GAMS Jljile s s o (siluesly

A Aol 393 ) smen( e Dldes 5 (gliatl (ga Ll 4 aS Il 55 el S (g 1L lal 4 5515 b aS s e bl slagle sl

a0,y S e s (a0 25y el pebas (S 3luningy <0 S LA HEYS{PRNLY

dodde -\

Sy 42 55 4 ol oo 35130 55 1 (S3IT claod T ) s 515 s (600 amalr s SNSCe 3] a3 (glaodu YT

S8 Ll 86 o35 o3 51 1] 0l w308 (sled SRl 53 ol 28 WaodNT el 51 (S Ol sieas IS (slalS 5,15 (5558


http://www.pqprc.ir/

Designing an integrated green supply chain model with an... 32

O}}Bj)) G}..d sz C,.LFM G| 453[..1_ Cowd 633}\?4 Y'\Q dl.m).) 3)7.- ub,;.a J_;YLMJ Sl obﬁ &Lﬁ‘ JL} BL é)‘j,q.h Ls‘dalpr.}g
)L.»W)‘\Sbjbb)}j&lﬁygjC)lﬂ.k}&b;@jﬁb}))lfjuw c&y‘}ﬁa}r-ﬂd:’j)ﬁéujbbuﬁjejﬁgju&;éjdésbjc\y
CL.A w\ )\ ealae! RO PN A LSSJ"‘ Ls‘)"%:"' L;LaLB Mfr.w .JLQJ.:O‘ BEl J..:l) w‘ '>J>.j [3] ‘[2] [SSLIW. 3 L;E?MCM...‘U 6LQAM«YT)L:‘.L‘
[4]w‘ja.?ufuj.Ua.abQ\J:jUw‘)\MWQJ;)m‘GW‘oM@jd}MLQ‘;\@L&MJLO)}\LJ.:JNLA&}JJ
.J},ﬁu@ 6‘4.:[};6;\ JZ‘:“JA‘} eaS) uﬁjrﬁwyﬁ‘ u._{\ASnga\ ol asliol ) 7 00 s UJ;&LJAJ&J: o)\}o.ajf'-‘ QL:SLA))
3 3mpe S e 0,8 28 pskaten Sle a0 sl Compe Sl ale S 5 s lams DS ogeas 5 1SS 252
los o3y YL 45 S 5 gdma O 5l Bda 5 S ddxe (63N Jlu s 4S5 ol La ol 5 3550 SO ol 40U 38155 [B] ol 0l ey

[B] ol okt 25 G simit ) S e 51 VL 1S Sl a0 ¥ s 4 0

s stlanl O 51 o g 0l e salols 5 ST b 5 CodS L (YIS bl gl eS,s 5 bagleslo acIlad 5 256 51 glaans ;s
LSS 5 baolo sl ¢ s Jaoms Sl )Las 5 (A9s Dl jae wiog cansle AT 5 Al Compony 0oy CBdS L Lol sl 0 Laes
2L asmatan) G LS B s S5 55 ES 5 Lol b s 7] (6] 5,8 S S ilames Jlaensd S s, Sswas
LU b by (Kol cpl il e cp a8 ) lames e D136 B S Bl gLl sasJlab 5 sl
Oty Co e 0 g 53 e (S8 Lo 31 (S5 0152040 S (et oy [B] 35 s 0ol s ooy S ke ity JaomaCo
38R, (sl p Gl slatens plaiiis3 (SW3S 030512 sl Spe w55 5 A5 B b T s e oy (050 [O] LB e
TL0] ol g a2y 3, (33 b 51 ks s 5 ool 58 55 5liis s 5 5 55 S0 ek 5 s OBAS (5205 § oy bllanl]

38 Gt 5Oy s0k Ol 0 1, GSCP glas s

iy e 5 by Dl cdilony Sy e 5 Jaoeeln gla Jo-ely oS5 LGSCP :olles 5 )

S s SaS s ysl 5 Ly 5 Dl das (2alS 4 GSCP 1 Sl j2ulsil LY

Dy i et 35042 3 @)1 (G 4 AN GSCP Llows g 325 165 S5 3500 Y

LL1] 55800 A5 Jseol 5 T3 2 (g et 40 ymis 45 ol 0 2lie 5 QLS b L o ST (glaslbios Jals GSCP 2y goo 350 ¥

o3Litul agy 30ty 35dme 5 il ko mlie 51 05 S 558 o0 e HMUL an s (Sle3 a5 el oy 5l al @ 0398l Sl amslr
odd sghte e (1 WS4 55 CS i G ST Cmpe Sl () [12] 355 208 55 G plams o Joomto Sjlu o w54 5955
A5 55 ol B psgie pl eliony b et e sal e gul 2in s Sler bl S s 4 s slaans s o
et 5 SN guaes 53050 0l b Jas o (e Ilad ples raelbe iy a8l G L[18] 5503 (o SuemSIis3 LLEDN 5 Jammotann s slaoun YT
sl 0l by 67k U3 (S3lwplasod o 31 48 3 m Jals |y T oo oMbl (6ol = 5 les s 4 o3 sl 51 YIS
5 slmans 5o [15] ([14] A5 o Laay 53 288 Culghss 5 53 pm pebans S o8 s &y Candi i 231 g 4 Y g

6] a5 55 3ecoly Sy e G olgea ) S Hlaes Jlaianss glag b s GSC Lapleslu 5 Laes s

gy Alpdny ¥
5 [16] GhIKen 5 55 SU ol adiplonil 5 Sn 53 Jamn s T L a3 1o el 5 GSC (53 50k ainy 3 (3L 5 Slidioss 31 UL s
35 0l Jaen sy O 31 (3lutineS 5 5 g (il LT Jbe 3 disls ayl) alad 2 (sLiolis L GSC 4l Jbe G 595 2as3
Slols Jdo pl 53 4l pdudls) slge 51 GSC Lol Jde S [17] 0L Ken 5 595k 3ados 53 w0l b me Lol Coua &b

! Green Supply Chain (GSC) 2 Green Supply Chain Planning (GSCP)



33 Arasteh| J. Qual. Eng. Manag. 15(1) (2025) 31-49

53 ey (6l |y pemees s Jaliee ot 2 (65 500l 5 Jobo S [18] GLISGen 51 gongd ol 0l 4B S i 5 a8 sy
S pan 5l A5 S ST Sl dler 1 aoes ey s SLIG 5 IS Slaan 5o o Jibe pl ileals 4l (SST (65354 2 b
Cod GSC 4l 53 w58 5 A allus (sl (Bolial (532 50 Jo S5 05 hng s 55 [19] OLISGen 5 553 1) e 25 g0 e3lissl (535
Dy 3oty o3 0 oan S 45 (6l 6 55 o S ol L [20] 0lSen 5 olpiy ol ol Lol (slaplss o3
(IR Libe hilis & a5 b alio oy o ks [21] OLSen 5 (S sy 53 o rome Ty D1 5 o IS slaay
oy 4= GSC a2 [22] HLsalll Jumd 5 031y (B an sy 53 oSl 0l 4 S)1 5 S aiks (635290 U285 ol s L0 2 (6 S oo

Lol ol (S5l s o (JS 550 (S3listings Sl (rrea s DLIL 4 a5 L g S 5

o 5 S 5 g (luangy S 53 b ot 8 Je G gl ) i g sl o801 G 355t 53 [23] oLSen 5 SIS
5w (St Lol 35 1,5 b loyss L o g L e G [24] 0ls 5 Sils allie s Llesls bl S 36 gl
PR35 ol 03 Sl el (Caad 5 0350 s 0 Cod ailale a3 0 2he L3S el bl Je 53 sl ol al)) 0390 s (e
e, A S5 555 5 53 [25] ol seilgm 5 LS sl ol a8 IS LA (S 3liainnS 5 (S5 s (S 3lsaidin 4 Ole jon
53 Llals LSl Cidw 5 o S s ¢ S O asle o SunSles HLisl L;ucjb calises ¢lsl 33,5 Bl b Il ey adl>
bl 6l S35 5 L sl «coly e ol (Sias i 3 hassy atd fidm 03 adduy p SV b ol s V Jodr

ol annslie KU

(SRR Ay 5 0 guiy Y e sl Ty Aulite -\ Jgu
Table 1- Comparison of characteristics of articles reviewed in the research literature.
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Figure 1- Overview of the three main perspectives (Focal areas) considered in this article.
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Figure 2- Schematic view of the proposed supply chain network.
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Table 3- Problem dimensions in three numerical examples.
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Table 4- Values obtained from solving the model in GAMS software.
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Table 5- Service level achieved for each retailer.
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Table 6- Comparison of the efficiency of different solvers.
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