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5. Closing the loop
6. Recycling and re-use
7. Remanufacturing
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1. Industrial Symbiosis
2. Inbound logistics

3. Internal supply chain
4. Outbound logistics
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1. Industrial metabolism
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Industrial Ecology (LE)

- A study ficld of developing nearly closed-loop industrial

ecosystems of material exchange and efficient energy cascading
by mimicking natural systems

Industrial Symbiosis
- A knowledge web 1o
facilitate the development
of symbiotic networks
amang companics

Industrial Metabolism
- Eeo-efficiency of
‘materials/energy exchanges
within and across industrial
ecosystems

Tndustrial Ecosystem
- A high level closed-
loop industrial system
with a defined
boundary

Legislation and
regulations Lo support IE
development and
applications

Other IE. methodologies and analytical tools, such as
life cycle analysis and design for environment (DfE)
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1. Non Linear Programming
2. Fuzzy mixed integer linear programming
3. Multi Criteria Decision Making
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4. Inter Industrial Symbiosis—Sender
5. Industrial coexistence

Sl g siledae 3 daslile 5 Jgaze g ol > ool

Slailale bl o cpl 7 08 ol a8 51 3 oolawl o0

Jyaze b a8 0,10 o )Lal adgs anl b slagzs s 5l (5o 4 oljle
(il Y gama «layls Jolis Wlgi o 45 5,08 cillas ol
il oL LS (555

083 Jore 42 Sle 39 g0 Bl 5 o (g5 3 Slile S b
g o 00l )3 ally;

3l3e 51 sazme ooliul (ISl 457 Slloe degome il b adgisl
Silw e ool 1)l Slge 5] Cawdas 5

bug (2,5 Oygon ol ol H(Jl)) Gato b e jen
ont sheen 3 MliLe sdice RSB 55 S0
5 ssiige oy S50 5 SR o olile (Bh)0) ixio
g oalitul (ol aisl B Sy (6955 Glaieas

SIS o3, 28 5 p3 (JBls 0 slile £ aro (59,0 (San jon
plo bl ol Liss oS ganl 3 j0 wilgh oo a5 gl o0
g oalaiwl Sl adgr slaasl,s
Sl alosle Gheghy (5yls

slaanya Jols 5 slaanie (05 Jla Saal 3L, Joo @
Lol Cdl g sloajo g 6)lksl B (o)l g

5 e omlionz) Zopde Gladali gpeed wyz o

Sy o 5B 5,0 L bl S bags 5 Ll pals
a5 lawgs 0,5 Ladl jlre o> 5l jeue

@S LI plo a5 Jgamme wdsish 5 odg syl @
(S ,y4alip slro,g0 jo laails IS o Slae

Sl 4 Ced Jow Boa &l Jlaae colis Jdos @
b ol b o el bl 5 ilies (sla el b

o9 GilwJoe Y
J-.\.o ul..aj).a.o A=Y

e Oloy Ay iy (gi,aeliy 381 Job o Ll sl 2l Lol @
&S o
ol 0aioaid 3 1y dey > leicdy g sl oy > ane @

0979 S 5 b Jyame il (509750 g« Sloj 0,90 0 g9yl 0 @

S,la5
285 (Y 0dgisl (V iojls 0g2g iS y Jgae gl aniS g0 @

u,u.’.: st,A?un )‘AM lJ k_AMJLMA 6‘0)5.) ‘505)4 Js,am )L).O.n L]

1. Surplus
2. Disposal
3. Recovery/Recycling

Archive of SID.ir



Archive of SID.ir

1FeY bl g et /P39 g ot 0 ko /o 31 Jlo /55 (s lppiamm 33 Qo (wkigo (Sl sidg 31 41yl \.r
lbc.q.a,m W ‘5lb).am
ISty = 0VmM,Vt =0 M) M &l oty 0 Jyame g laie Xim
IRy = 0VmM, vVt = 0 M) M &l ,15 50t o,90 40 adeijb lade Yim
Rtm =0vVm,teT,t<U (\°) du‘l})lf d‘ﬁt 5,55 0 A.Jy)b . f)-.‘ J )‘m .
t-U-1 tm
m
Rem = Gn[Dee-uym + Zi Vit t-um) = Sem] VE (©) MBS o ot s 225 Jpama ke Rin
ET,t>u 2 Toyg0 (bl 5o 5Ll jo 0als (o )lSS Jgame lade IS
g tm
MN,,. X + RNy Yo + ISpm + Sem + m &l s
. . B ‘ . . " & .
{’=t+1Btt'm Dy + ZT ! 1Bitm + (%) Ok o LSl )0 0ad (6,5 (3T Jpaze jlade IRer

IS,;Ym,Vt €T
IRim = IR t—1ym + RN Yon + Zim = PRim

vm,VteT ™)
CMym-Xem + CRim- Yo < G VM, t €T, k N
Xem < MM.MO.,Vm, t €T (?)
Yim < MM.IM;,Ym,t €T (V)
ME,,. MN,,. X + RE. RNy, Yey — CEpy < o

O Vm
m=1Rem = W,Ym,t €T OY)
W,—W,P,=DNVteT %)
oo oo p F-¥

bbbl o sae hymelin Joe S i3t Joe il
o byme calisee (sl ol b b axslil adgs allie sl Y SS
S0aSs L as el oads LS suder als IS golaws 5l e Lo
S Jyame Jlade Wl el )5 iaio S sen suld G )b
6l b oyen 5l b a5 el Jpame e b ceulite sloygs
4300 392y (S5 p Jgaze sln auiF 99 el atine Gl e
P S (S yed poghe S50 sln Sl @do g adgil Jels
2 sibele; glra Al e Slals Gaw eelio oy Cope
2,5 e Sl Slals aial e & Lot sl
J5 By LB olge 4y aia a3 b olge | ot ikl Joxo
S50 s 1ads 8 oo Jloyl Gas ails> IS 4y adgl slge laicdy 5 oau
Jloyl dilawy &85 35 10 4y il gad uzme ool LB S olge
A3,8 s

solie 0,8 ol Jolis 5 (s5lwarsS gg5 5 Allue un &ls
(e8> 5 0dgisl (Jpame wdsi) oy slaanye i eld easse JS
S sleanie (45 p Jyame (Jyame) )l ladn o
oS Ll slee 9o 5l (g ptey e 2 9 S8l slaan jo k)l
o

3 oad (6,8 Jpazme Jlade ool G Kl (V) Cosgame
el yao by ply (150) (g50,80b 2 g9, plin Laails )15 plas Ll
plod JLal jo oals (6l (a5 5 Jgamse Hlade (V) Codgaze
Caspazme ol o bl (10) (532 40l 5,5 plSin Lol 5
Syabp B gorh 5l am oud @y 15y Jpame i ()
) ool @ds (135 5 Jyame e (0) Cudgamme ool jao b

m &l ,I5 00,40

M G5 00,90 ;0 Jaamo dgeS laie Stm
b oy bawgs sadipmels )50 oot sloli laie

- Btt'm
M Gl 5 ot 0,90 40 adeisl
b ooy Lo oadiyaeli 0,50 el slols laie
N s
M a5 o 7 o)50 0wl e
b oods Lawg oiiipmels 050 el slolis e v
M &l o t-loygo o adgisl, %™
Loyg0 ;0 adgi ilulely 6l ST g oo 500 o MO
m &l ol "
0,93 3 3dgiib slilely (sl o 5 e 50l mate
IMim
Glp T oyen 5o slre aojl i 0,5 el jlade
Otm
m sl
ta)sd)d W) é_é.) Jj,\a.z.oJS W
3l Jow XY
RV @U
T M
Min Z = Z Z (MS,,.MO¢p,)
t=1m=1
T M
+ Z Z (FRy, . Xen)
t=1m=1
T M
+ Z (FCyp - Yor) +
t=1m=1
T M T M
DD RS M)+ DCZem)
t=1m=1 r t1=\/11 =1 (\)
+ z Z (HSp - ISem) +
t=1m=1

T M
m D (- Sem)
t=1 m=1 t=1 m=1
M

(CCr . Opp)

T
> BCon-Neem

m=1 t'=1t"=t+1

Archive of SID.ir



Archive of SID.ir

1o (i i 300 0 3 0l U cuolio 553 8 Slok S300 5t o0y Jo 1413, pole 3 081l

Y aelo jo cline 310 g o b alold dlex | laails IS calixe

Uniform cslass ol 5l jsbate opl a4 cils 138 <A G
sy olael sl ¢ ST 3310 5 30 cangs Jgo s b o eoli! (0.2,0.8)
b slael ga My KT MM (glo il b o aloes il 5 ¥+ olas

oudadl | Jow b yalyly (Y) Joum

& &b bl &8 &b Sl
Uniform (0.2,0.3) ME, Uniform (1,3) MS,
Uniform (0.2,0.9) REn Uniform (3,5) RS,

Uniform (2,5) Gm Uniform (1,3) MNp,
Uniform (9,10) FRm Uniform (1,2) RN
Uniform (18,20) FCnm Uniform (20,23) Ckm
Uniform (22,30) DCn, Uniform (12,13) CMm
Uniform (3,5) Dim Uniform (15,20) CRim
Uniform (0.2,0.3) Pm Uniform (20,50) SCn
Uniform (0.8,1.0) P’ Uniform (30,35) BCim
Uniform (10,15) D’ Uniform (10,15) HSm
Uniform (0.2,0.3) D1¢uym Uniform (0.2,0.8) CEn
22 T Uniform (10,12) HRm

25 k 100 MM

30 M Uniform (0.1,0.2) CCn

J..\.o W}Lﬁﬁ:‘ Y-¥

B L 5 adgisl g adss 5l (F) Cusgaome S oo J S
Sl 50 VB (6)leSS byl oS J S (V) Cudgazme wojlu oo
2 50 0,90 ;2 gly Sgzae aue Jlade (A) Cudguse yo .l
S5 2 (6l L83 50 @ate e ggezmo b plp b yeS L &l IS
b yeS wbiojeo 5o 50 adgi jlade (1) Codgaze alb adgisb b
Al adg golailely sl (S g R0) Rl e So Ll
Sl plp b yieS wbioyee o 50 gadgiil Hlade (V) Codgaze
Sudgazme 2l adgiil (ladlel; gl (o9 a0) 60l i
Jals A5 2 5l oye0 2 j0 0,5 liasl e as lade (VY)
b o piiie ()5 g adgs 5l (AL ead piiie () Egene
& (S Jyame ggezma (VV) Codgazme S (55 b 3555k
55 0n ads Jgame S byl M1 alisd s g aails 5 51 o
G5 Lol ade (V1) Cudgame owl dias 35 50 4 o
Sy doad 3ly oad @ Jpaze JS§ Joli b cel plp Soa

L reds 5L ol 0ad @8 Jparme g b

o g lh (Joo gous Jo o F

Jow goue Jo N-F
VY b o¥g8 Caro A5 )5 Ye )0 5l gl solerian o
Lo yiie 355 polie (ans johatods to YO L g (532 4L 2 0590
Sledbl 4 5L (Jae goae J> jslateds al a8 S IS4 alluce
5 oMl (¢ psTaaz a5 cnl 4 azgi b Jg 05 bails S o5,SLas
lsieds Bals 5 51 S oty dss s Sas laails IS olos

by Jde il oals oolaiwl 303 58l 5l Jaw Jo sl
olaws wlwly g ool Jo (:VOYY) lojoon o (golpai
Bas b jlade wezse sloosls 5 mle asly daals S
Aol Cewsds YYFY/NAY

2l gl Greghy oliay Joe (e bl jslaiea
Slesoyss ¥ snyaeliy 38,0 5 a5 9o b laid 5 S5 wlide
3 ol ovnl cawsss laslez ST Loz jo lojen 0l J>
55 5 0,5 15 amlie 90 JoST 585 b b Jua >
Cowddy ol o2 0,50 VY 5 alls )5 Yo L 5,5 ulide [0 .00

A 00y e bayiel il Slpnss ails ol a3 3 s as e
() Jsoo lae dlie 4bolodbl 5 Joo slo el )b ccols o

Sy b 5l jelaie cplascldls JIEY G Y Al joan e
Jleasl cosgase CEm el )b oopmizmad o eolizl Uniform (1,3)

3130 dle 53l o 5 ok J5j] 0 aanss (sbo it (sl oas]

L8513 S 5 s
Lulpd gy any jielly cal el o)90 5o 30 IS 50 6l S

Al ,10 glp b pwl)b polio (V) Jgoo

m MSm RSm MNm RNm Cim CMikm CRim SCnm BCm HSm CEnm HRm CCnm
\ \ Y \ \ AR 'Y AR Y# Yy \Y <Y \e A
Y Y Y \ \ Y 'Y A YA Yy \F <Y \e A
Y Y Y \ \ VY VO e Yy \f <IN \e. </
¥ Y ¥ \ \ 'Y \Y \td Yy \Y <IN " </
A \ Y \ \ 'Y \& Y- Y. \Y -/f " A
4 Y Y Y \ Y 'Y VO Yy AR \Y Ay \e A
\s Y Y Y \ Yy VY VY \ai Yy \f 34 " Iy
A Y Y \ \ Y- 'Y AR o Y \F <Y K <IN
a Y Y \ \ Yy 'Y Y ! Yy \F LAY AR <IN
). \ Y \ \ Yy VY '4 Yy Y'Y AR -If " A
AR \ Y Y \ Y- VY VO Y. Yy \f - IY \e. A
VY Y ¥ Y \ A 'Y \id Yo Yy \F -/f K <IN
V'Y \ ¥ \ \ Y 'Y \id A Y. 'Y 4 AR <IN
VY \ Y Y \ AR 'Y \Y \td Yy \f A \e. - IY
'O \ Y \ \ Y- \Y 4 A Yy \Y <A \e A

Archive of SID.ir



Archive of SID.ir

1Fo¥ (bl g et /P9 g o 0 kol /o3 3 Sl /0l gf Sl 39 Qilo (suntigo SR g 3 4 yid 148

ol éé.) G..mf).a Jeazo jlade .(F) Jo9oo

(Rim)

5 ¥ Y Y | Mt
S SR Y SRY) § CH

YYD Ry D

TERS SRS ANV A S

SFYE Y fYY Y

YA RY sy A

Vs -If IS 7N

Ve % A v 5 NH
147NNV CU S A WY/ CORYA 7S S
JEYY VYT der P00 AFF D
ABOY NEY YA Yy VefR s
JPYEGVAY bRVt VAT Y
JPEANYA-[¥A A ZRYLVS S
ABEYNPA YA IS0 VWY

ol apbno 5ol o3k, Jae slozS | S (S

Lol io)9d pm bl 5o L 50 ead (6)leK (A5 p g Jgame

0,95 15 (S5 Jgaze 5 V) 093 ;3 Jpaze ke igel oy
Sl 03l (V) Jgaz j0 ciloads (5,l0055 ,L3l 0 a5 0

Sl 0 ool (65l (S 5 g syl Jgmaze Hlaie (V) Jouar
099 okl o

(IStm) )L¢.§| 5 Jya:;m SS9 90

s ) ¥ v Y ) Mt
VIVAS  YIVAY O ASEY VY VYA YA Y
(IRm) Ll yo (25 2 Jpamo 509250

s ) ¥ ¥ Y y M f
-IYA¥ . . . . . >

S5 S8 4 alize gleo,ge jo Jgame g lade
05005 L oyloan 0,90 YA ;100 5 F a5 s .00 8 awl>e
T4 0,00 Ve D AT 90 gl bogeeS cpl polas oy axlse
Sl (A) Jgo

Sl G oling b, Joe e oz il
Sloygs g A5 SIS @ jlre v Sl (05 el jlade
Sl 03l (1) Jguz j0 polae ol .l (550,400

0,90 BV a3l @ late slre w3l e 25 W9 O i
3 a3l i S Y Al 5 s YY 0,90 Ul (650,406 Ve
VIOYA e 4y Jgamo adgi ils sl ol o .l 00,5 adgs
PG Gl 4 (G35 5 Jgame agisl YV 090 50 05

Gy g ol ¥-F
(M) Jgaz zrdas Joo J> 5l Jol> (555 punal sl pusite polie

Wo,90 5 dlgisl g wdgi' slado .(F) Jgur

(Xim) odgs
a A v ) ¥ ¥ Y mt
VY VEOY VOSY  V/Fed  VFOY  VOYA VY)Y YY
Vs V0 Ve 'Y VY 3 V. mt
VIOAS VIOFO VIDAF VIOFA VBAY  VBAY  VIBAY YY
Yoo Y- \a A VY mt
VOO VBAA VBAY  VAY  VEYY VOVY  VOVE  YY
v Y& YA YWY Ys  Ya  Yf mt

VIYEY VDAY VOAL  V/OAY NAFY  V/DEY VoFR Y

(Yim) odgisb Jgame

2 Y- Vo 5 ¥ \ mt
SNAY TV ¥

YA .Y 5

XYY - eNAY e 5

JYYY - eV evar v

IOy SAYEIYRYIFYY /Y 4

0,99 AR 6|)J. 03 A.Jy)b Guj)a JSM ),aol.o.c Sl
Vo sl diges Glsiea B o lol jo Jlars] Loay o acslxe

Sl 03] (B) Jgoz 0 0,90

oo ualgi b (S 2 Jgammo Hlado (B) Jgux
ztm

Ve ! A Y Y Y

AYd AR SEEVAY\ SRV AR & SERNETREY AR & WRNEVA R 1 SR ¢
SNAYY e YEY O SNAYY O SAYR - SAYY o NNY N
CUAR & SRRV FA) SRRV A TAN SRS ARV N ERY A 1 SRV A VAV 4
-N¥ AV.YNEEEVAR & BENEY AR AREEIEEEY AR A RENRVAR & S
AR A ZNEEYA S ¢ANNNEYAR SENNEYA R 1 UENETENEY A KO SRRV AYZ SR
LAV SEEEYA S A AREEYAT A IR A R R R AR L SRV A4 a
LUARKS URRYA §/\ Y ARNEYATAANEEEY AR & SEENRINEY AR 7SRV AV A BRI

Jyaze adsish A5V ks (0) Jyoor Sledlbl 4 azgi b
YYD i s s VA 0)g8 0 Lo ¥ ails IS el il 255,
T doiz ool o daslel jo jlansl Jdoay a5 ol ansls w gl
ol 00
0y99 Ve g A5 Ve gl ot gds (iS p Jgame nolie
23l (n0 5 ¥ Slaals IS sl el (B) Jgo b4 552 ,24L

Archive of SID.ir



Archive of SID.ir

17 (i i 300 0 3 0l U cuolio 553 8 Slok S300 5t o0y Jo 1413, pole 3 081l

Comwlus ol F-F
3 e A Sl B 1l Gl w4y s ol (o
Jeloi b b e sl logas 5 polie 09 o ailopy Joo sla el )y
ouds &)l igad lgreds S Hlil Codgusme il )l Coslus
O slasl Gl «s )l Baiod jo s0lS la el )l 5l SGel
obm b g allae sl el )b loass ol b el ply wogy il 1S 5]
(oS el el jo (100 B8 Y) sl e slaas,s
el Cawss (V) Jgaz Gollae Ol i op!l gl Ban &b polas

O Ll Comulus Jodxi (1Y) Jgur
(CEm) (2,5 jlacsl coogame

R MRV Sl s 03
YYYo/vay AN - 1OF
Yvoa/vay A - IVY
YYYYiors s /A~
ARARZARNG AR QAYe
Yyyy/a-a <IYF V¥
YYYFIOA? <IYA VY
YYYY/PYD /Y- VY.
YYYENYF SAvd V¥

Cudgase yiehl 4 o Bas 2l cowlus o Jlogel
el 00wl (B) s 0 oS el

3765
3760
3755
3750
3745
3740
3735 =
3730
3725

3720
(0.14,0.56)(0.18,0.72) (0.20,0.8) (0.24,0.96)(0.26,1.04)(0.28,1.12)(0.30,1.20) (0.36, 1.44)

ob &l e

e
OtyS Ll 4 o b Sl () S8

Slaal Cusgase Glime j0 s Shila (0) S loged Billas
obj Sl ol b g hs Djgod sl S e jlade oS
beaalsl o 5 4l 2alS et slod b oo 3 Consl @il 2yl53)
3048 Sl ixe Iyl el 2alS g ol B ot S
Sl sl p3Y )l ails IS ¢S Lail Cydgasea sl ol
G935, 1 15l Jol> (Sogll 5 sads Jyame oliae 5o Jolas
wsd piiie () B U5 50 p3Y Oles S 5 pley STy
Ao s sloaiy o S5 (1l 4 (3850
Lol et b b eyl plo Ol 4y cod Ban 1 jloie
&b Sl lod ganpez g (20l L (Ll O g0 oS

60 S dos Jlassl &l ISl el ol 5l i silad ¥ oo g0
Oezeed sl ails 228 Jeame o dgil (o |y 1 o iy
S Jde iles S oy lxe e (0,5 ladils IS adS VY o)90 4o
Bl 53 Lol s (sl Slagas sl sl Lol IS 335 0 o
595 (1) o)leds Joor Lawgs g9:090 (nl -l (32,800 00
230 Jaams JS .00 )5 oo ol el YY 090 Goes a5 adeisl
lroygs SIS 4y adal S e 4 0dd o)l g LAl S 5l enl

sl 000l (V4) Jedz ;0 g,k p

L®4$L">)U 30 J,M o,.,.»S )‘»\io .(N) J,A—‘?

Stm (Jgams 3905
5 oo 2 ¥ v
JYAR YYD -IY$F SIYVY \
SYEY feYAA Y SIY) Y- Y
XYY vaR A SIYEA - IYOA ¥
SYEY MY A AIYEY AIYY ¥
YRR YFA - AIYYE AN b
3l wo il gios (055 L] Sladio () Jaua

Om
v 5 ¥ ¥ Y \ mt
/AA v
-5 3
[+ 1
" WY
I Vo
XY VY
/¥ Y

INA <[PAY < IMYY SIOYY e YeR o cjAQY VY

Ve VY 3 V. q A mt
SYAY IYYA NYY Yo\ o[-$Y o¥EY VY
Y Y- V4 A V¢ Vo mt
SEAA SNYY 0P <A -/OFY <VARYY
Y- Y4 YA 112 Yo mt
-1\oV JEAS o[+q) /YY) +f-f XY

i 35 po dg 003 ylg ol @30 Jguame JS .(1+) Jgu

q A Y 4 O ¥ t
YY/YYQ  YY/SAY  YY/AVE O YYIOY  YY/IAFE YV Y Wi
AN \'F \Y \Y AR \e t
YY/AY  YY/0AY  YY/YAZ  YY/-\Y  YY/YVO  YY/IMYO Wi
Yy A 4 YA Y \# t

YYINY#  YY/-YO  YY/ONY  YY/AYZ  YY/PAX YY/-\Y Wi

Archive of SID.ir



Archive of SID.ir

1Fo¥ (bl g et /P9 g o 0 kol /o3 3 Sl /0l gf Sl 39 Qilo (suntigo SR g 3 4 yid \o¥

g 039 5ouSs p Babate SLalST (ats (o 5 o rmalio S
&5 B 6ol sk @l e Koo L Lul)on 5 g
syed Sl g (adg¥ Sldllas by oS lacil als g ooy Joe
S g ol Slalllas b Slals als Ll cizmen o)l
el oil8 dalllas (gl g a4 dadllas o 5 SO0 0l allas
Joe o el )l e g aails IS 2Bl ledbl 4y oo s pas
stelie Giogh alxl b 0g 6 )l Giogh siudsas i et )|
bzl e golaidl 5 amacen; sl oodle (lgS oo

Ry S e

&l

[1] A. A. King and M. J. Lenox, “Industry Self-Regulation
without Sanctions.pdf,” Academy of Management
Journal, vol. 43, no. 4. pp. 698-716, 2000.

[2] M. L. Tseng, M. S. Islam, N. Karia, F. A. Fauzi, and S.
Afrin, “A literature review on green supply chain
management: Trends and future challenges,” Resour.
Conserv. Recycl., vol. 141, no. November 2018, pp. 145—
162, 2019, doi: 10.1016/j.resconrec.2018.10.009.

[3] M. Trevisan, L. F. Nascimento, L. R. da R. G. Madruga,
D. M. Neutzling, P. S. Figueird, and M. B. Bossle,
“Ecologia Industrial, Simbiose Industrial ¢ Ecoparque
Industrial: conhecer para aplicar,” Sist. Gestdo, vol. 11, no.
2, pp. 204-15, 2016, doi:  10.20985/1980-
5160.2016.v11n2.993.

[4] Brings Jacobsen N, “Industrial Symbiosis in Kalumdborg,
Denmark,” J. Ind. Ecol., vol. 10, no. 1, p. 18, 2006.

[5] E. O’Dwyer, K. Chen, H. Wang, A. Wang, N. Shah, and
M. Guo, “Optimisation of wastewater treatment strategies
in eco-industrial parks: Technology, location and
transport,” Chem. Eng. J., vol. 381, p. 122643, 2020.

[6] S.Hennequin, V. T.Ho, H. A. Le Thi, H. Nouinou, and D.
Roy, “Industrial symbioses: Bi-objective model and
solution method,” in Optimization of Complex Systems:
Theory, Models, Algorithms and Applications, 2020, pp.
1054-1066.

[71 U. Awan, “Industrial ecology in support of sustainable
development goals,” in Responsible consumption and
production, Springer, 2022, pp. 370-380.

[8] L. Fraccascia, I. Giannoccaro, and V. Albino, “Ecosystem
indicators for measuring industrial symbiosis,” Ecol.
Econ., vol. 183, p. 106944, 2021.

[9] S.Badiand N. Murtagh, “Green supply chain management
in construction: A systematic literature review and future
research agenda,” J. Clean. Prod., vol. 223, pp. 312-322,
2019.

[10] M. Boix, L. Montastruc, C. Azzaro-Pantel, and S.
Domenech, “Optimization methods applied to the design
of eco-industrial parks: a literature review,” J. Clean.
Prod., vol. 87, pp. 303-317, 2015.

[11] S. K. Srivastava, “Green supply-chain management: A
state-of-the-art literature review,” Int. J. Manag. Rev., vol.
9, no. 1, pp. 53-80, 2007, doi: 10.1111/j.1468-
2370.2007.00202.x.

[12] M. Porter and C. Van der Linde, “Green and competitive:
ending the stalemate,” Dyn. eco-efficient Econ. Environ.
Regul. Compet. Advant., vol. 33, pp. 120-134, 1995.

[13] J. Sarkis, “A boundaries and flows perspective of green
supply chain management,” Supply Chain Manag. an Int.
J.,vol. 17, no. 2, pp. 202-216, 2012.

[14] R. A. Frosch and N. E. Gallopoulos, “Strategies for
manufacturing,” Sci. Am., vol. 261, no. 3, pp. 144-153,

3 byl Olpsd 4 Cod Gl oo soleiiny e Soa

Joe s yolyly 4 Comnd Sud @b ol Judxi (1Y) Jgur

A Comlas Boa 1l Ol sl
5 oS Hlasl mals L Jyame jlado
o sb; obj cad b tals
Syl als $adsish
S5 sleane 18 et b Gl Jeame £
) z P
i obj b S5
lado
S sloazin il bty
ol B G i8Sy
o ol s
<dlsl J=e
Sl sl . e bl Jeame gy
S ylaime i ol LMW ; JESERPTR
Sogl Jpus (sl 8 YL ol
I slanie als ol a0 S Ll
S sloazsn il et el ST
ol P e as
oS
Lessl oyl
O loanm gl sl 00 O
. sb; L Sl op S
o ol Lo
RWPY

G S A g (e O
bl oy s pd g a0l Sk, oo S o)l gy 5o
Sty pothe b ey Slp VS b Jlacodl
gy Bas S dyme e elio iy Cypde 0 Sato
(SIS g slaaza Jals S slaai so lojen (03,5 JBloo
e 09 )8 lasil (pals g Sl slaanie skl 0 5
(eret (S yo2 popio | oolaiul b aS conloals oy (glaisSay
Jloel 5 a8 S plonil sl IS Ly Slaglis 51 oolical oy yis
S dadl )5 lawgs 0,8 Ll jlxe w5l (59 pday den sz
S5y G ek i 2Ly Joe b jlal (S e
osle £55 VO L g (552,40l 5 0,50 YV [0 0Ved Crin a5 IS ¥
5 g aeliyy G Jaw Jo bk ad 5 54 Jpame S g 4yl
SESE @ ()5 g (eSS ause Bl b Jpame adsisl
Lal> 5 50 Slas (goudS ledbl ¢ pioran i (s A5 4o
aS ol lid camlus Jdoo i dewle (63,400 5 slao,g0 4o
Jeaze Jlade gl el )l Olpess 4 Conns Joao Bun 2l lads
Joe 4 (G5 Jpaze ke (S5 n Jpame £ sadsiil
e 9> 5l S rtay der s (ol ond @35 Jgame g5 bk
el Yl s 5l (226 S el e g (0 S

Copde il wad e Gl ol Gagh @bl

Archive of SID.ir



Archive of SID.ir

) (i i 300 0 3 0l U cuolio 553 8 Slok S300 5t o0y Jo 1413, pole 3 081l

1319-1324, 20109.

[26] V. Vasara, “Reporting of Green Supply Chain
Management and Industrial Symbiosis,” 2015.

[27] C. Che, X. Zhang, Y. Chen, L. Zhao, and Z. Zhang, “A
model of waste price in a symbiotic supply chain based on
Stackelberg algorithm,” Sustainability, vol. 13, no. 4, p.
1740, 2021.

[28] J. R. Stock and S. L. Boyer, “Developing a consensus
definition of supply chain management: A qualitative
study,” Int. J. Phys. Distrib. Logist. Manag., vol. 39, no. 8,
pp. 690-711, 2009, doi: 10.1108/09600030910996323.

[29] M. S. Taskhiri, S. K. Behera, R. R. Tan, and H.-S. Park,
“Fuzzy optimization of a waste-to-energy network system
in an eco-industrial park,” J. Mater. Cycles Waste Manag.,
vol. 17, pp. 476-489, 2015.

[30] G. Herczeg, R. Akkerman, and M. Z. Hauschild, “Supply
chain collaboration in industrial symbiosis networks,” J.
Clean. Prod., vol. 171, pp. 1058-1067, 2018, doi:
10.1016/j.jclepro.2017.10.046.

[31] Z. Pan, J. Tang, and O. Liu, “Capacitated dynamic lot
sizing problems in closed-loop supply chain,” Eur. J. Oper.
Res., vol. 198, no. 3, pp. 810-821, 2009, doi:
10.1016/j.ejor.2008.10.018.

[32] O. Genc, G. van Capelleveen, E. Erdis, O. Yildiz, and D.
M. Yazan, “A socio-ecological approach to improve
industrial zones towards eco-industrial parks,” J. Environ.
Manage., vol. 250, p. 109507, 2019.

[33] M. A. Shariat, S. Iranzadeh, and A. Bafandeh Zendeh,
“Identifying and Ranking Factors Affecting the
Realization of Sustainable Production with a Shift from
Industrial to Ecological Production (Case Study: Private
Industrial Manufacturing Companies in Semnan),” Public
Manag. Res., vol. 10, no. 37, pp. 177-201, 2017.

[34] M. Leigh and X. Li, “Industrial ecology, industrial
symbiosis and supply chain environmental sustainability:
A case study of a large UK distributor,” J. Clean. Prod.,
vol. 106, pp. 632643, 2015, doi:
10.1016/j.jclepro.2014.09.022.

[35] J. Azevedo et al., “Industrial symbiosis implementation
potential—An applied assessment tool for companies,”
Sustainability, vol. 13, no. 3, p. 1420, 2021.

1989.

[15] Q. Zhu and R. P. Cote, “Integrating green supply chain
management into an  embryonic  eco-industrial
development: a case study of the Guitang Group,” J.
Clean. Prod., vol. 12, no. 8-10, pp. 1025-1035, 2004.

[16] M. R. Chertow, “I NDUSTRIAL S YMBIOSIS:
Literature,” Annu. Rev. Energy Environ., vol. 25, pp. 313—
337, 2000.

[17] X. Li and R. Xiao, “Analyzing network topological
characteristics of eco-industrial parks from the perspective
of resilience: A case study,” Ecol. Indic., vol. 74, pp. 403—
413, 2017.

[18] Q. Wang, P. Deutz, and Y. Chen, “Building institutional
capacity for industrial symbiosis development: A case
study of an industrial symbiosis coordination network in
China,” J. Clean. Prod., vol. 142, pp. 1571-1582, 2017,
doi: 10.1016/j.jclepro.2016.11.146.

[19] E. A. Lowe and L. K. Evans, “Industrial ecology and
industrial ecosystems,” J. Clean. Prod., vol. 3, no. 1-2, pp.
47-53, 1995.

[20] M. R. Chertow, “Industrial symbiosis: literature and
taxonomy,” Annu. Rev. energy Environ., vol. 25, no. 1,
pp. 313-337, 2000.

[21] L. T. Biegler and 1. E. Grossmann, “Retrospective on
optimization,” Comput. Chem. Eng., vol. 28, no. 8, pp.
1169-1192, 2004.

[22] E. M. Lovelady and M. M. El-Halwagi, “Design and
integration of eco-industrial parks for managing water
resources,” Environ. Prog. Sustain. Energy An Off. Publ.
Am. Inst. Chem. Eng., vol. 28, no. 2, pp. 265-272, 20009.

[23] S. H. Kim, S.-G. Yoon, S. H. Chae, and S. Park,
“Economic and environmental optimization of a multi-site
utility network for an industrial complex,” J. Environ.
Manage., vol. 91, no. 3, pp. 690-705, 2010.

[24] G. Valenzuela-Venegas, G. Vera-Hofmann, and F. A.
Diaz-Alvarado, “Design of sustainable and resilient eco-
industrial parks: Planning the flows integration network
through multi-objective optimization,” J. Clean. Prod.,
vol. 243, p. 118610, 2020.

[25] H. Nouinou, D. Roy, and S. Hennequin, “Mathematical
modelling for flows optimization within an industrial
symbiosis,” IFAC-PapersOnLine, vol. 52, no. 13, pp.

Archive of SID.ir



Archive of SID.ir

22 Journal of Industrial
@= Engineering Research
&= in Production Systems

ISSN: 2345-2269

Journal of Industrial Engineering

Spring and Summer 2023, VVolume 11., No. 22., pp. 97-109

.- 9

Bl pige SR 3
Sy L 53

Research in Production Systems

www.ier.basu.ac.ir

DOI: 10.22084/1ER.2023.27680.2124

A Mathematical Model for Improving Green Supply Chain Performance Using
the Concept of Industrial Symbiosis

S. Abdollahzadeh!", Z. Asem Farzaneh?

L Associate Professor, Department of Industrial Technologies, Urmia University of Technology (UUT), Urmia, Iran.
2 Master's student in industrial engineering, Department of Industrial Technologies, Urmia University of Technology

(UUT), Urmia, Iran.

ARTICLE INFO

ABSTRACT

Article history:

Received: 2023/3/4
Accepted: 2023/6/16

Keywords:

Green Upply Chain Management
Industrial Symbiosis
Environment

Total Cost

Carbon Emission

Industrial ecology is the identification and application of solutions aimed
at reducing the environmental effects of products and processes of industrial
systems. Industrial symbiosis is a practical application of industrial ecology
where manufacturing companies cooperate by creating a network in the field
of local exchange of water, energy, or industrial waste recycling. Industrial
symbiosis plays an important role in reducing total costs in green supply chain
management and its sustainability. Previous researches in the field of green
supply chain management have somehow improved its performance by using
different tools, but less on the impact of the new and effective industrial
symbiosis concept has been discussed. In the current research, for the first
time, a mathematical model is presented to apply the concept of industrial
symbiosis in green supply chain management to minimize total costs with
minimal carbon emissions. The proposed model is a multi-period single
product and the lack of demand is allowed. To validate, the proposed model
was used in the steel industry with 30 factories during 22 planning periods
and with 15 types of raw materials. GAMS software is used to solve the
model. The results of the numerical solution of the model have the greatest
reduction of carbon emissions and adverse environmental effects with
minimum total costs in factories. The sensitivity analysis showed that the
value of the objective function of the model is high in relation to the changes
in the parameters of the amount of the reproduced product, the rate of the
collected return product, the amount of the returned product, the rate of the
final disposed product, and the penalty for exceeding the permitted carbon
emission limit. The results showed the alignment of green supply chain
management policies and industrial coexistence.
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