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Abstract

In recent times, there has been a growing recognition of the importance of circular business models
(CBM) in advancing environmental sustainability. However, the relationship between CBM and the
Internet of Things (10T) has received little attention in current academic discussions. This paper seeks
to fill this gap by initially identifying four key capabilities of loT—namely monitoring, tracking,
optimization, and design evolution—using the ReSOLVE framework to enhance the performance of
CBM. Subsequently, through a systematic literature review employing the PRISMA approach, the
paper examines how these 10T capabilities contribute to the principles of "Reduce, Reuse, Recycle,
Redesign, Remanufacture, and Recover" (the 6R) and CBM. The analysis utilizes cross-section
heatmaps and relationship frameworks to elucidate the interaction between CBM and IloT.
Additionally, the paper evaluates the quantitative impact of 10T on potential energy savings within
CBM contexts. The findings underscore a predominant focus on assessments related to Loop and
Optimize business models, where 10T significantly aids through tracking, monitoring, and
optimization capabilities. However, there is a noticeable scarcity of (quantitative) case studies
concerning Virtualize, Exchange, and Regenerate CBM models, indicating the necessity for further
research in these domains. Notably, 10T exhibits promise in reducing energy consumption by
approximately 20-30% across referenced applications in the literature. Nonetheless, challenges such
as loT hardware, software and protocol energy consumption, interoperability, security, and financial
investments may hinder its wider adoption in CBM practices.

Keywords: Sustainable supply chain, Circular economy, Internet of Things, Prisma, Circular
business model

* Corresponding Author: Setareh Ahmadi Doi: 10.48306/jumee.2024.454521.1042
Email: setareahmadi936@gmail.com
Phone: 09166699179


https://jumee.kgut.ac.ir/

https://jumee.kgut.ac.ir:as pis o yof ‘ ’ A
. I R eSS @ lluass o Buduils
NV amaa ¥ T plalilegs oladipgs Jlo JUMEE Ghian sigiginie LS s luedl

g allie

VEYIENY lessl &, AFYVITY s pds b0 VR IVACEL o )b

oo 50 sbul i yilyl 3 (S sl s 9L 5l (L SS9 ruo 48
s 32 S gnS

v a1 .* .
6)-.'.‘-‘39))|‘ st‘o)t...u

ubﬂ/‘ub\ff' ;6/43)}} (54_9 olLiiils ‘j.lj:ut.ﬂb/j d)J (s PRT A ‘Mj/u‘/["'d)b/_’
Ol oo el ol iy darro 0l SCS iy jhamo i)\ S (650 (el g (il A il S gozmiils -

LRV

S5 sole Oy aileads Lol stnlae o Sles e W] Gl LR S AN SG 4 a5 2 g oo
sbedl il ol SoblB oz Tl ol i )3 ailes S zhhas 1) (o285 52 )5 g S Jow g cledl Co il lee adal) &)
Sz p e iy IS o Slas von (lp (b ol g giledite (650, (Dl Julls A5 00l o (S
o ‘sﬁ) Aods &MSQ sPRISMA é)i.’.j) )‘ oolazwl l) ‘s.olc U?M &JM )90 )é s‘bjé A.L‘>J.A )é ol 0092 RESOLVE
S 4S5 b 4ty £edge ol Julow 4 el Laily, Slacgz )l 5 Sglite o5 2 )5 5 S slaJas @blico pa 5 (sl p o
Sldas )3 5351 ss7adro bl g, posledl Cipl (o8 St Tl e g S e Wl 1) 955 28 jsSie slac LB
Slalllas )5 (53lwdisge g adl> g5 51 B genns Gl Jas sla b))l 45w oo Gl gl sl oud Sb5)l (8352 ) g S
sl 5 )b 5l cos 5 a4 S gcis sla Jow aiws cpl 10 coge (i Ll Co 0] (6,5L8 10,55 oo pii Ay A 5l i JeiS
5 Jobd «silusilone 45 3 i3,z 5 g S o Jow &l (o5) 63,50 Slalllas .0iS oo Ll gilwag ¢ o)l (6,5,
Oge 50 0d o)Ll glas )5 gl de o Ve IV sg0s Ul (65,5 Brae yrals cud )b Lol oo il 6,5l8 .ol 5L8 o550
()S.ouo g_;IL@ 4.:Lo).~u 9 &M‘ “5ﬁwJalaq 56)).:| J).»AA Ji:s)a 9 )‘).9‘ |°)J s;L.w‘ C.;o).».a..)‘ )‘)S‘ CSew ‘US"Js el 00lo uLmJ ‘snlc
.\J}w J.:.\.u ‘Sw.>).‘> )15 9 u.....f J.\A L ;L.w‘ CA.\).A.».»‘ 6)9L._‘3 )‘ &9 oolawl 6‘)-’ (_g‘ [N é"}“ Lel S|

S sewS Joo PRISMA s o, Lol i il oid 2 slaidl sl ool 00505 1 goudS olods

Doi: 10.48306/jumee.2024.454521.1042 Stor ol 1 pons ot 55
setareahmadi936@gmail.com : &, <1 ey
(AT e 6yl



AN -Veaxao NF-Y uLaquJ Al O)me) S M@JW?‘SW o pde 4,00

doddio—)

149 Jlo jo el a8 )5 & g0 o il ag «Lah Jlasl gl ol g (oMo YAAL ans Lol jo oo sl algi guy 5l
Gy 5l sl o g 09 s U (g5l p olKiws SO aS 51 0929 |y 6 il alwg Jol JOhn Romkey (BT sodls
& LT 5l oolatul oot 0,)l,0 50,5 ke b S ogas o1, Eou ondsl Paul Saffo BT [V] ogs (igels g g, oo i)
Internet of —«Lal i uh ZMasl (oMo 1238 Jlo o [Y] ols @l 1) Sleaoss VAAY Jlo yo Copnl 4 Jeate >
o2l Bua b aline slo olKiws g o K (o o jang, Jlail g5 0pl 7,8 sl Kevin Ashton 61 Lwss doT) Things
2915 5 3,5 oo 3 paal 0,255 (S5l Ainay 50 Bine (nl 00,5 a5yl Bk 5l (aBly lojy oMb (g3l
(RFID) Radio-Frequency Identification - ol (il 8 S 4 ololis oSS a0l p Y5 ololiss sbas |y soax
s adS ;0 RFID (5,53 (s5le ool 51 &)lally Cagyma ol8iig)d oMo Yoo ¥ Jl ,o [Y] o5 elpsl Jlo len jo
L¥] o5 oolial (el 022255 o pito 51 (Sl i 5 SV guama (g 8 9 (539290 ionins (51 Ui pusl s 50 855 (slaolKtg 3
SeMbl Caro 25 5 (55559 pows 90 lgre 4 bl o ol (6,5L8 51 [A] &l e (Madl iy a0l (gde Yo 00 L 5o
lo b sl o il (6,9ld SaS 4y (53l s IBM g5is atile (5,518 Jo2 slocS b oy ol 00,5 0l ez o
2 652l 55ebs 6,5k S plsie 4 58 cnl iz Wl baystS (S o oS illel, ) siled o ) 5 (555
[7] oo Hlots 4 lacdgoe Sawaly sloasls
o Jlasl gl @LC)LH S Sl ple g 6,5 sl xSl ‘u;’LP Condgo fa){.d Sl o 8590k Ty ewes RFID
Ot 4 Wlgi o g S o soliinl lbls ) 5 Sledlbl Jols (sl o B pamin [P Slis o b APY o ) SS9, cov o o
e Fla ail Jate dieder a5 4 Wlg oo Gr oS p wieder Alb G )3 iged sln Al (Bly Sl slag )l
)‘ ol 00l Sl 65‘9.% g.,S).w Ja.wy L;)L:é\.: as Harl’nOIlyOS ‘_;’BA)LQ JQLC Ottt é}wsn p@‘).‘a 399 o‘) )‘ )lS s.,u.l)lﬁ
G138l 5 50 die 50 g 4 bgspe Sl 88, Sl i 45 0iS o oolawl (full-stack) Seul Jgd s 5lulaz (5 lore
WSS 0305 S 59y Sy D50 dr 5 Nigd Foebe s 4 wilgi o0 Jon ol s el e (1L g Bl
] d.».‘?l.tuu)...wf 6‘4.L:.>)LOJ.’[3 )9.15 aQ ;Lwo‘ w).».».)‘ )‘ solawl 30 nw)p.ﬁds) [V]

o055 &35l 9 dlge ookl )l laosed 4 (19 5Tss, iio ) 5 [A]omes 005 ibio 5l oo 5l tar Brae 5l Gl
loanz plojer 5 ki pilis bo)lad 1ald sl 60,505, 4552 wlse Jlad 4 ol YV 8 sotllr (0355
&-JY}»A.?LO Qu))‘ (_gLaso),::u) ).le)...u o 4.1094).41 EMolss ).».: 9 G».t.»..a 6[.@\.\.».1‘)5 aQ Jay).n QSMM") L:.».?oo 0)454.1 9 U;CLQ.O‘ sC;OLa.»_‘)‘
ol 0,555 o e Jolis Sl als Slge 5l esliial LralS sl Lol slaSal, [A] il oo SLL U opjlel ahais 5l oleas 4
03,5 ke sl el 0y ke 1 1y (g ya5 [1) 91 o] 3l (e Slge 5 Y gz ) o252 eslinud 5 (SSCMY Il
SBlaal (65255515 (e (el 050255 Jobo 55 BES 15 e (6, lKen LS 5 aile s 5 UMbl wlge > e )] 5 ol
.3l esls T «asb ° Ola_é.;‘_gf) 9 (S o C_':Lo‘)'J‘ )‘ d.d)f).: as ‘G°L°-'>‘ 9 solazsl o) Lo dis a0

eldils (5 1) olge b o ls (3 5 el 03938 Sl el 0,035 o poe porie 4 1) Sglite oFss (6jlu i 2 sl
).u.u JJYQ )‘ é.t ‘UJ‘J)L"’ [\Y] O)L))Ju;a &vl.uo )‘ ddoxo XYW RV l; UYM uﬁl.i)l; u...l.:lﬁ 9 rb‘so S(S)J\.\J}.AM ol J}b
oyl 6y «(14.0) o gyl Ml pae o VY] cadl 6l cou (i > Jow a4 b Jaw 5l el slao o
SRS ) e dsgezme (HBly oy (b Gosb 5 G0 ey jo (o252 slatll QLSS Gl | alaces B oL
5o ales Slatin Jaame e Jsb olulis wlal o1y Sluls by gjleasS sy Wl oo 555L8 ool [VF] sl ools
51 oslal slosl 6 il (6,5ld oM Heb 4 g (gjlwaige Glgioe 1) ol CBL5L slaas]yd 5 dlge 5l saze oolaiwl s

! Internet Protocol
2 Sustainable Supply Chain Management



AN -Veaxao NF-Y uLaquJ Al O)me) S M@JW?‘SW o pde 4,00

Sl pganazs glie 4y 55y 590 wlie (55501 ks (RBAR 5 ABO 0 g 09ed n e 5 naelS n e 4] il
Sl e 25z 5 5 S slaoe <ty 9, il VO] el sl (Sas | 85 12 ) 5 S slaJos argi
ol sbal ol 1 140 slags,sls L 1,05 o ipgs (ol g Gl 0050 095 4 ghane 1) aKails sla gy oLl
U g S Jow 0,0 Ll [VV 5 V8] Wloaww, Jglite sl pSams a4 g wlosges obj,l (o5, 15 5 e slo Jos
S9r0 syn S 6,00 anllhas ;o [IA] wiles S con Jaromecin) g oloixl (solasdl oBuys jl bl il 5 s >
[VA] sl 00)5l 0gzg a1y (aller 5 )OS 51 (pis 2 )15 5 cansS 055> 0 ol 2l (5,5l8 4igSxr aShl (e 00 ol
e iy oLzl gla Sl a5 wloo S vl b |, el L gz o Sy g Wl pge (S1ocS oo o lolid o o> 0]
WSS (oo o ot Sl lags ks el ) o pae 5 BseenS

L (SMES) Liwgio 5 SzsS (sla)lS gemnsS el coiagts [+ ] 2550 om0 Joe 5 )l o 33 abols (jlizman Sy
Silgi o sldl Sl (g55l8 (655 e anie oS Jdo nl 4 aiien 5y (a3 Sles o 6l laile o Lad
b e ) el Gals glacis )l esliiul jo 393 o Cumdy Jds 4 ol (Sas b5 genS” (ol il jglples s
5 oLl ol slaca bl 4 Cond hes S0 pilie pol cpl [YV] sl onile 50 0wl 00l yuo sLil 6 0l (5,0L8
Jlosg 055 (53lo i3z iz Cuslpd] S Tiie aladi (2 (58l B b Sglite i3 2 )5 5 S la oo gla S
Sty il grhe & polo dllis (ciagh GO (ol aazgil [YY] 05 )13 e Wb oo slodl ci il Sl
ol aiB sy (bS cagh

Cotl o dz o2 o IS 5 S (slaore 4 st oyl sla olls (Ll o) sl 1 )

fadl (oo ax i3 ,> ) g S laJae jo sLdl co il ()98 slp (p)S Las] zals sl collE -Y

fail o0 4z L2552 )5, @y )0 bawgie § SzS (Sl g S (sl bl i il (g59l8 50y @ilse-Y

solizwl (RESOLVE) (glaz ;> |Sgens slp (2,8 i woz )l o 5l aS sl 05gs & ygo opl s dllie o) cidgly (i
Ll ol ezl ol 50 g cdlo o )5 sLil co il e >y sl 5 g S slo Jow ae Judow &l aS ous
doe ol i (g3l ,blie (o3 55k 4 S ges sloo Slas 51 S5 o @ bt i il sloce LB b odgei £5kae OR Jsol L
b oS oo pold lo sln ) Sledlbl g S oo Ll ) (Sslite i B genn” Joo 0 50 sbodl 26 miol 43R oS wiS' oo aeie
O 590 4 (05 gy b emizmen om0 70 1) (2352 )5 5 S 5 OR g el i il slac b (s alal) ol
9 A3z ) g S sladae Cod amaten; SIS 2l )0 Wl ge oLl o pnl (659l8 4Sn &5 eud wiSlay pole
sl anals b T alge luls

b o9, g lgo ¥
Prisma Joe luwgs &Ylie y9 0 8,559, -)-Y

2970 ol Sl o (55500 Sl aSul b s (oo oslitul (Sijy Slegoge sl 093 Gl slal ;o PRISMA Jas

@ sale Oy a0 szl Sl 60,5 Olse 4 PRISMA (glo i Las (Y8 5 VO] cudls 092y Wl 50UT 5 ale (52
Syge o2z olamdl g s)lwl slaiagh Slegdge 10 (bg; ul (B w4l o3g 18555 0 (oremg (Bpdy I SLD oo
el 03,5 4pogi [PY 5 V] PRISMA Abstract 2020 il s asees )31 [¥+ Y3 YA FV] el 435,515 oolics
0)byd Jgoz ol () Jou2) 955 )18 o 3550 09,8 05 V0 b abaly po (ol 450 b (sele gt 900 AIF S 0 &
o elmonls 53,1 s 5loKinlan 5 itie ¥l 5l ool (6 glanz ol 45 WS o gobna |, Sloedgs (a5 Jalow e

el o 2] pol dllie yo (sole (950 590 (2970 Gz ol

! Small and medium enterprises



AN -Veaxao NF-Y uLaquJ Al O)me) S M@JW?‘SW o pde 4,00

Prisma Abstract 2020 ,o Lol J>lpe -\ Jsoz

oSz a3 any o
axdlbo
axdllan olgnc
bl sl Sl j50 2 Slyiear [, 5 ) Ssie
axfllao dioo)
b 03,5 el ot b Lol el ob,0 |, i, dliews ol ¥ laal
121 509,
ca8l 03,5 53 (cole gt s950 ln ) adlllas sl gy slajlne g anlllas 4 09 slo)lne Y 4 395 sbalae
axJlas
il 0ols &) Ellae lolis gl |, (s osly o oMol sloolSily o Jlie glp) oSl glia ¥ SNl o

Al 0, 58 00 5 ly Slidllae 45 (6 S g Sy by slp | 48,50 sy, 0 asllls g S S,

il03,S S s Sl g odgs lp a8, G sl sy, F @l oy

asdllao gL
Al 65,8 (6 luaods | Sldlas 4 by o Sloogas 5 531, ksl GFauSes 15 g ond o)y oldlae JS slass Y su 5,y Slallas
Sldlls ol 5y yp EanS S 15 g oud ol Slillas slaws opoloplis b buz 3 5 Lol slooely sl mlbs A s ag

Ak 0o,S u»)bf‘))wo)b/uw‘ 410[55Lb~>)51)3)" Sl WOg w)fu)erbTLn)fl b oo;c).la.a
(! ao}?).'{éﬁ oj)f r;ldsf)l...a) asb aa;;é I))Slggg‘?‘oy oo)s oo Lo ‘) L(boj)f)fl

-

Alas )5 00,lg (£330 0 5 (Sioleals casllas (5,8 g Sy Sl (6l ) daled slacusgass I, alisS ands 4 aled slacysgama
8L 0o )S wal )3 (5590

bk 00,8 w3 g slocd¥o g mlo I, (IS s \- Jowe:i;

oY le gudvaiws -Y-Y

288 oS esliil LIS gl jo abgype ) geenS sladue 5 (2557 sl gumais gl [TY] 6R pspie i Le
Repair «(_z»l5) Reduce «(céb ;L) Recycle «(saxe soliwl) Reuse Jol s OR pogie .ol oo osls ojlis V S
@ 6R oz > [34] dlis o el 00,5 Slulis 1y (saze >1,b) Redesign 5 (saxe og5) Remanufacture « o)
slazdl Glanty 6l 1y ogaz 6l s 228 [FO] addllae il onds 5,3 i > oladl Jool 5 Sliles sloo,Sis, olsie
o) a5 it Slles sl Sys, 3ol aglie SVlie olfays el canl 00,5 Lii bl OR slasgorn, cod o5 >
[YP] ao salys (DS s ) g (o257 slatdl jo g sl g5lo ool s (OR

g cbli> iy~ o0 7ilae i3z olamdl o)lyo |y (gt s RESOLVE Gioz o coliogas ol (ol 5
5 ol lagisy solaidl Db olal 2 oladon 5 phacm LIS U] olie (2330 (3lodings (srerb oy s
o L3Ok 0k, 5 (a5 sllSal, e ln T )lHl cozle oal [YT] Caslos S suneg 5 lin o] w3l
odds g ykae i3 > 15 g S Joe i 0 Bl cio Ol slas,gls [YV] o Sen g Jabbour wlie jo T 51 e amo
laplojls culan sl (Jols 5 g3l g5lme il «giluaings oI5 S1xil 4 (235 Jols ReSOLVE Gsz jlor Lawsss
el oad L e ¥ Jgaz b [YY] o252 slazdl Jool 55ke ooly bol s



N -Veaman NPT Gl F ojlod i) Lo (qwdige 9 (6,05 Cu o 4,85

YA] CE Glaal 4 Jlaws 6l PR |-y s
e R PR Jgel -V S0

T LREY
Slpdys
LT
9 &5 G305 il e 6l (LS Gras el ndgaaan Slge 5 (655 G et p S B geenS Joe 0 EUs"
g0 50 K00 slbe 2y (sl - lge g 65 lie 4 JT Sluls o g lge
Sl slasgerme STil b pogas coSlle b OV game gl i 4y pdis STl gl co aslds STl a o3l s b ol Syl
axils plgs (g inn Hlojmae a5 Wgd b BaiSady hug Jiee 4 Wb OYgame ol 10 (pd 0 paes sl DY same
&lp N Glaools 5 g5le,S0e5 celsl o pnl das Jlizus slags,sls 5l laglejle a5 el o] piline |5 gewS Joo oyl &l
Ao g 48l al33l 0 Shae 3l aolesle o )0 .aiiS soliin] (ol (sloo oy juoli jos 40 0§ Slaptann ;o Sluls Lials
IRIRVEN S
55 5330 Jyama yos 5 JS aiabakil sl ol
A5 oo 3l gole it 5 (g5l DY guazte L) (So5u8 Y gams oS Conl Dleas S g Jow oyl Gilwsilre
S oo ) pdiaass g aid iy YIS L pdibasass g cesad YIS il b oadal) o Jos oyl Jols

00905 Ll jo 1) cage (i Wilgh oo Ll Coyinl aS Jyse,0 wisloy ol slcis 3 Lot ldas (o lag,sls (A
LYV] S Ll 6 )5 g sla oo i
Wyl ool g4 calize lag lw Z 8 5o bedl Co ) 5508 4 bl slacell #,8 slp B8 Pl sl L
va] o),Ken 5 Ingemarsdotter wlis ;o .ol ool 0Jg cole gio ;0 0l 53 04050 Gub |, (5,98 Lol slac LB
ok (& Sy diilen ool 5 b 5l Jis > S scins b Jow axwg 5l adily oo Ll o gl sl g0l aS ol S
CablB 5l ool 4y (o el (giluaigy a5 0l el iz g S glasiy (Slb el g gileaigy (J S Wl
Joles 438 Jlez as sbadl co il g e gl CoblB e 98 U 0,5 adlol giluwaigs a0 |y JuS colB pl oo conl s

el ol SIIY Joaz j0 a5 Wb



AN -Veaxao NF-Y UL“"’b Al O)me) S M@JW?‘SW o pde 4,00

S gl ReSOLVE Szl il ooy lauly o aS 10T sl el -¥ Joo

o Slos iy y5 ToT ool
SV guase 8,84 pasio Sl 5 L Joxe «ogr gl 05290 Sledbl S5,
el las| g SUMel ol 435 ) Y guazee Jaima by o 28lg boy Ll i (gl 592 g0 leMbol ol g il
el (§ilwdign 9 S Cod i slaeis o3l 5l eolanl b el Glaal 5 giise a5 laoldes slasgn S lwdige
e b (oe L1 Jolts 435 ol ol W) joe a3 y2 slasle ol 5l baosls 9,935k (ulol 1 b Jgame o ()b b JolS

Yo ol -)-Y-Y
Jd sojlga s 5l ¢ pis > oladl (S gcwS slo Jow jo sLdl el 6,9ld i aice) 10 Solatins 950 jokaio 4
el 00l oolaiwl b3 1Y (et Joo 8 SIS 4 ole e (gemns ol sl Glgieay

Title, Abstract, Keyword = [“internet of things” AND (“circular economy” OR “circular business
model” OR “sustainable supply chain”)]

oo ,sS, canls s4>9 Web of Science  ledbl oKL o allis VFY g Scopus sledbl ool o allas FYY (S 50
Sloees g e a5 SYlas [ 15l o ol Bie lisle 00uSa jg0 SaS 4 OR Solie 4 las ol oVlie 3 g 5,5
Ol 5l om ile (BLY JSS b gillae cid > )15 g e slo Jow o clodl o i) (6,9ld (i )y (sl allie 01 sloss
iz )5y S oo o], aoecan) u‘)ub G sladl Co il 6,0l8 a5 pgasplis ol sl oS Sl
sl exls s, u‘;..:l) (A4S 020,5 cnS 1) a0 YV slaws asdllas @ o o)1y SYe 5l jslaie ol (gl 000 oo ialS
e g S8 1 u‘fut ol (gjeo;@;ﬁudﬁ.&f(COZ Slasl b 6550 B rae Jle slp) i > olaisl o o550 4 g e
A0y 03,5 dunlie ol > 15 g S Sl (g,9l8 5l eolaal

| WoS 5 SCopus iledlsl olSsly 35 b 51 eslalllan ¢ S0 12 |

e plobes slas, o, L (et sl L3 szl -TS

(FY V= sloss) Scopus Sledb! SUL [ i) b (a5, 5 g ot Joa)

lools el
(VF Y= olam) WOS _sledilel L [G s e

ads i clas oS

— (VY = slam) 2,55 claa,ss,

(YVF=slasi) FR 5| jemie S5 o 2o 55 oo

| [oas sl e
q“ﬂ ( AF = slows)
ol o YR
- (TV = o) iy IS 5 oot Jons Ll

( _|—[ (4 = 1) (53le A 15 5 e e ];r
% ’—[ (VA = 3laa) aile 15 § oS Joe ];r
i}
=
=
*

i

L

(yae g A anh o ls Slalllas ’—[ (Y = 3lami) RS g s Ja ]Lng._., |

(8% = olaas) |—[ (0= 2laaf) il gilam )15 g s Joe ]‘—r
’—[ (¥ = 31as) J2L 518 o Jim ];‘
’—[ (F = las) 331,08 5 ot Jio ]—‘

(VoYY (555 50 Candg) (sole (y5in 5,0 50 ouiin o piiie SYhe & jlagld -V S



AN -Veaxao NF-Y UL“"’b Al O)me) S M@JW?‘SW o pde 4,00

i g ey =Y

Sustainability and «l=s 4 Journal of Cleaner Production al=e ,s o e &Ylie olaxs a5 aw) oo a5 &
51 YL leas a5 wuals 0 |y pew o2l S 51 o ys YO/ Elme ol el 004y yiin aee 5l Computers in Industry
Sy bame pgle g (pwiige Fgnals pgle Jold OMme nl gy b ol slaans) 5 SDlegdge ol 0oy IMxe pla
pow 99 3 ow ditiilyy JLo ¥ oS Cawd (2,0 50 OMore ol il Bl 101581 gl s jeb 4 ley b Y Las olaws o]
Lol (G293 E9o9e (nl 4 D) 4 g, ABDle lis oS ey ol g 4 ) et Cnl IS

olgre cos Lol 0g,5 F 0 allie 03 gan 09,5 slp [F1] o), Ke g Maroli allie ;o sos (g5 gzl 51 ey] 5l m
Gl Lazme (6590 DY lae Juld (6,90 Slalllas .ol oolawl (69,50 Dlalllas g o slo )b g,k Olalllas (59,0 OV s
Goleiiny Wz Coz )by 0)lys Son g Julod 4 Vgene (6 a5 Slallhae lodges 53luwasds 5 gon0g)S | ety Slalllae a5
sax sla >l sl baskiin y b (s Jaw) Hlolis IS 5 raascis b aslae oluly boss 5 o5 Jilews sl
69,30 Sladllas 90y (S sl il ool ) S (yglis 4 o SS9 (b SO b waz (b, Jae S Gag (e
9 &S oo (Silwdnd 9w oo )8 iy diule 9,90 1) iged SO (69,90 Oladllas Loonl (Bly o Sl ol $lp 28l
S (oo dnalie (B8 0 b (8l slad e elul | e e

05,5 & U5 b sillae RESOLVE gz o Lawsgs ouds gohae S gennS Joe ind 4 oiigoos,S SVlie ) s
[YY] s gow

$90 y Wlos S &l Slowsg giluaigs 5 adl> o Jow o sLdl co il 6,0l8 (idi o)y Ve doye £ 5l i
oyl (65913 ol plir g 51 (53l 03033 5 (50l 5 (S 5 Jom el 5 ag p 6 3VL Jotzme Sl sl o Juko ol
IYY] S pse o B Gidn ol 5o |y latiam 1 S geenS Jomus oLl

Il S pde g dreder ag g Sl 3825 ln (el 03,5 S (sl Joo 4 a5 WS e Ll ol (555l
3 6ok Sladllae il el 05,5 SaS @lie 5 (65,00 Bpan bl Cuz (6 S peas Slaaoli p dgugr B2k 3l el 0 e
G305 5 6910)S Sl wlul it mlio )5 Gl 508 b, Ol Sl wleeszilr (e 5 (o) 4 b
TEE FY BT 1] wlans sy Lol o il g5l o 5350 50 4y ledlbl

e l
* ’ ‘ ’ [ 005 anllas
I [ VTR
Is51 B s s
<25t ‘ ‘ | o
¥ A VY Ve v. | Sl

3Ll as Wles )57 sls o S gcans o |y lagsluaigy Mo o 2lb 5 (69,50 Dldllas 31 (gog00me Slass
SSbo 5 05 Sl sl s dang 3 ety S 978 St (sl g dredigr wlg (Slej Jgua ol (sl bl il
[F0] conl oo oolizwl aredsgn



AN -Veaxao NF-Y uLaquJ Al O)me) S M@JW?‘SW o pde 4,00

3oty 3i5 (s Bome cloal ol (5,5l g 35 pete Slald Cu e p lallhs il wadl> S 5ennS Jio )
F7] 09500 40 plssshe yae bl 5o DY game S8k sl S mrend (Slaidy el Sl Cono g Sluls (g jslaexr
ol [F9] wogs axslayy el oinl - i olaidl , tee (glapionmsST b 4 (ol Slllae 5, [FA SV
0L wse Ngame Lk lp 093 Glaonlp 4 b wles S plesl Sl a2 2 b3l Joe L) parde onl Slalllae
Gl 2 (e sl dzoly iluialy; 4 69,50 Dlalllas § S0 sla b Ve [0V 50 ] 0t SaS (ks (e j e
DY] Wlaisls ot g 43 (glag 055 5 Suturdly Slaplds aiilen whglite 1 Sloogas b Y game olul Ll i i)
sl 089 2o 0 VY 0> 0 LS g b s 6990 Slalllas Cas Jloclls [OY 5

Jpuav LQ}Q.c Shysl Jaw doJaw ol ol 5l slosls plaislogs as |, @¥Ge 51 Sail ise s )55 S geas Joo ez
SleSol b ¥ gamo STl gl |, JUS a5 ol sl 62l (65l b o Sl slopiaSll b 2T slop jitly s
S h S Ly 6 i o )sks & Yaens Jols 5 5lacssbne sladune [OF] conl o0,] i)l & caliisee laiisd (s
LoV 07 BO] wijls i saman sl Kl 5 g5lee slis oyl asilen

Lol i il gbeuils 9 6R 4 RESOLVE gz yla bli )l —1-¥

R S 0,50 Y (i 50 a5 iz S geenS Jae laog ;S 5 e lilB OR ool (655 ,15,0 b (e silo (g0l &y Yo
oyl -z ) g S Joe gblie e 6l g o () 4l S Sl 4 e el (pl ol (gaieg S wd S
A5 08 alol Wb oS St ¥ USE b silae lie 08 51 JSite aslllae 3 jge aiges a3 OR- 5 12 5 5 oS 5 L]
oo 51 S 5o 6l gl () p a2 ¢ hd 5o it (5 lazil Sy sl 009 0 3 4y pasie g Jis JS5 4y o 095 iy s
el oals aSls S,z 55 g S

adls g Joo —V-)-Y

g 151 s g ol A0S dod 4y e (6 s Slal,8 sl o ] (655L8 e €L LY AT sas o lis laaidly
ol Sl g il g 6,058, bl 5 e Ygene LOOP Jow 45 wiols olis &Ylie .5ls 5,3 € reni® g €o0xe
el 438,55 80 gy et (Pl JolSS 5 (53l o)lps Loy 45 5500

5 S 691955 ly bl 5l il e <l (s (g SO Gl ealitil rand g sazme agi (2Bl L k0
oas,l 5 RFID S5 slocanz 1 oS SoS 0y Glsi 0 1) ¥ gamme 09,5 (nl 5 955 dino s B pas | g DY pame 501
g2 diblyd Ganding g DY gaze oaiad S5 (slial ol b waze adg 4 0B laplojle s jo [FA] ogei s 5a,
[6% HA]

WS esliwl 893 b Sleaal (o g jlase o jlae Il OYgaze o]l wase b dBas bl o
Sl d 4 b as )l caws g sLodl o pinl (650l8 5 st Jgame pos 43 1> Cu i e SO SeS 4| ools Wb >l
Lol 0dal F Jgaz 10 diged (69,90 Slalllas [O) b+ Y] 058 SS lin) ol drwss 9 )b

aal> Jae jo IoT sl aolls 5l oolazul ) =¥ Jgox
oo el 10T clacalls
(5]" s_:L’ULa (5;,5&) k_A.:.lJb g_§|)-3 r:/..n...l; sSJ d‘“"-’ J..ml.; ;L:.,.i}l w)..ul GL“LS)BL;-Z’ )“ 4« POIROT PL‘ 4 J e o392 &J 6};5&)

[P ] 00,8 55l ot (otlage 00 (Gsiens 5 50 (o il Slge 4 bl b s

odilagdly 3] Conlad pas a5 25z olandl oo G (sl sledl il (g5l (s (6 S e | (Gl e S )l g b
[91] S o ke sl i) sl K Lawsgs onds ol jos a5 2 olil 5 1) Jgame S5

Gt 5 jlilel) Gl 90 o S RFID (5 ,51d) siadign JUinily i (slopimes 51 (5005 5 45 e S Siloape
S sbwaiate plnil sl (HBlg Oloj 50 (ygealS sloosiily (i (Sloddl (sloosls ST al) aid i (658 prendl s S ()5
TEV] ol Sl aal,lS 6,518,5 olys (Sooliy yomns




AN -Veaxao NF-Y uLm.:lJ Al O)Lo.:) raswyt laf""’gs“’"""ﬁ"}(ﬁ)@r‘“ Copde 4 s

FR i3 32 651yl 10T sl culils
Shals UL same sy sume oL e swme sslicud daw Sl gl 6xSe) giludia 2k JelSS
s s . r s s 3 N ) i
Yo
1550 4 \ \ \ \ . 5 \ . \ \
w2hizl 1A
¥
Jols ) \ \ Y ¢ . v ) \ \
y
3 ¥
3
%
\] & 55lxe 4 Y Y a v ) \ w ] \ A
9 e
2
~ 1zl i Y : . \ ¥
> i Y A # \
(o]
v
[
« 13
a4 . A ¥ o f ‘ n " e T
| ¢
it Y
Optimize . ¥ Y f 1 . h 4 ¥
\

RE- 52 5 g oS 5 ol il - i o 15 5 S ablie ol Lt gl cne ot 5, 2t S5 -F IS

St ) gomnS Joo —¥-)-Y
s sLdl Co il g,0l8 5 e € el 4 LS 6 oy wilaS s gileags Glo Joe cwj 4 a5 DY e
b Jole 5 laan] )3 51 LG gvosls ojllas 5 ol 4 ST b o 38505 (g 5ledingn 5w 5 yla g ol collB g0 b Bows a5
2 e SIS 5 s g 05800 Joime Sliogas glulis Jlansl Gl e sldl ci il 5l (oY Tl ol
Ol cgolie B yan g odgs lolis ulul 5 pien [FY 5 £Y] vany 2alS |, ol >l 8 &Y gamme Sluls Wl oo sl
il Ol e a8 358 o0 o Lo ;980 3 g o Ka jllosliiul 5 aiS' (g3ludinge 58 9 )l 9 (b 1) s Gl wiiles o
oS 5 5o bodl Co il g,9ld [£F £0 LT FV] oS adlae lawly o> (699390 Cawpd LialS slaonld o 585 sk @
Aol Ll 5l aosls i al 3 adgy oalds slésl 5 oduzen sl Juw 3925 Sl il (6, 50k 5 (5l (6 T dmloa b

el 0ol O Jguz 53 aigad (slad,g0 Sewypd [FV] el 03,57 o0l 8 s

Glwdige Joe o sLdl o pl sle el 5l oolainl 7 25 -0 Joas

aigoi gl o ToT glocobls

[PA] 05 Jpame o Jolis sl ool 036 1ol 6250, 5 Sz 2 1 RFID (558 LY

Glazlo Clool Jlony] Cundy 45l walys Jol> Jy50 50 ahjn 5 555l )0 (9248 po bl 6l lo S ol oyl g il
[78] b by oozl glacbo] plo @ 59,5 )8 paass flx oo

el Bl §) oy o Slae (s3lutins 5 Ca e o Slion (0o B0 5 5 Lo by Bosas (EAiS ol alazr 5) o5 1o &ilwainge

VY gvelas es e o 2 o $0aSl s RFID &5 glacwnz 5 5l oolatul b dawsacns ) cyuilod 51 (s9,m o s

Sl HE gemns Joo -V -1-Y
Ll s lo s STl IS geenS Jow 50 a5 sutes sLil &o ol (6,5k8 Lol slacadils alox 5l 5,50, 5 &)l ¢ 2ol
S8, aiw) Ho Oldbl oS 0 SeS Jyazme jes Job Bl 4 Gaww ) Glp Jyame €C8LILY g o (lbY 4
g 220 g |y Jpame (Hib wiilgi oo aplosles nlpli wsdse 655105 irteSll g ool Bk 5l pFaS S ae
oolatul ¢ pizad [VY 5 0] auiS wal)d g i Colo, Lialidl 5wl 0550l b e Bpas gl 1) Jiows Sleas S
Oyl g Gl a0 alS ol B jeiis jeb 4 b is Gl 1) oYLl coaS S alejle B ogd oo o 4
soliiul «pand) 3R ISl 6,5, 50 b Jgame joe Jsb ialidl (55, ailes oo loplo;le 0aiS'Cd pae soliiwl b &Y game

Lol 0001 # Jgo 40 diged (5lad 90 Cow ppd oS (6,l08 Aoy (8L 5L g oaze



AN -Veaxao NF-Y UL“"’b Al O)me) S M@JW?‘SW o pde 4,00

S1sl Jas 0 10T gl 2ol sl oolisiul 28 - Jgor

wigni bl 10T slocall
Lo iaS Loyl 1 48 ol diaign aidlhe o Jold 059, (ol il 08,5 (g3lslel,y 1) iaS db L 039, o Cranfield oKasls S

&lp Lgﬂ QLJ Gilwlax B ogd oo el bo a5 Vooge >lb aiS o plolin |, Wl 630 4 5l 5 wiS o0 6,50, 1)
[V¥] 098 pe 23L3L L s5log

On odd (g3l 80ss Ol ST miwsST (gilwpal 3 sl B Ghils Slesle e sbsl co ) olbls )l ISSg, SO Oyl g sl
4 Sl Sy S o sla oo S bl sy W 53950 et o B A e S LB S S s lkinty

Sl 5 b yla 5 (2138 slge lauls Jlade ( o3¢ Slge (534550 lawgie Cun b slls a5 WT Caws @y (a8ly 4o B2B) &l
V] 05 (oo (g 5ldings 4 ;o (5 2idie Blons mhaws ol Lol

Siwsilxe B gums Juo —F-1-Y
slecudles o)l g il sl 28ly Gloy (sloesls 5l solaiwl sl (g 5luslre 35 103 ol jgmme Al e 4y Bloas a5 ]|
«azme (b bt S jtnl )l p (e ol (pizman Cusl 10,53 Coenl I 005 B0 425 Sgute sl (el
e (5Ll 9 (g5lwad (gilre b sl eslatul b aiS oo (g5lailely (b oSS cobld SaS a4 1) Sloas b Jgae
&l by 5l i) (6yl3E S oy mlie yedS Boyb 5 Saome (gai Sy Sl 4y liss Sl o adly sl 4 ()T o
O Sl Gl slanl i i) (555l VO] ol 0 jaunco (Sl asliyy cmn 5505) (5,158 5 5 (53lwlaz slo o dled bl
3L mizman [TV] WS o oo (Su5ed SV game slrts Sloss (s3lupald sln 1) obyiie 5 EaS el daglosl
ailgi oo ol a8 conl alndS sba )b Glisgas ¢ BauS G ae (L8, as) 10 Oledlbl 5,5l ,5 4 ;0 Ll ool

el 00T Y Jgaz ;0 diges 5B ,90 o ypd aisS oolitwl Sload cudsS Sguge sl Lo )

Sl il Jow jo bl co il sl cobld sl eslasul 705 =Y Joas

digos g Jlo IoT slaculis
Gl 0del 3525y eloil il (5)5ld 5l aS «adly oyl e sleesly (souate plie b (goman gilre Sl 5l [00] dlae o s g ol

by SIS (slasls Lactl g canl o j53 5 (IS 51 (B8 (el 052255 2 (39,0 (65650 5 il STBILT o i adeia b
e b Sl Bl 2l (g )log glas il 4

Sl i loGia (s jloscalo po 1) (ol (55155 5 93 (0 S5 o0 L 1y ez B 5 Lol il ()5l o il S =k JolSS
3y5liss plinyl & (ol o (2355 r2aSlil e sl (T slo JUI By 5l sae a5 2 (3551 50 (b el cnl Jbb pleiicsd
[v#]
Sleas gilwerld 5 (655 Gras g pSojlail gl dedse Gleisle S o sbudl Co ] golKiws saiScuas pyaily, SO
W] plezlo glnae 5 2l ol 6l @551 3kt »ol 50 0 psline
a5 Bl 5oty ] e 5 1S ol an] s 5 5l 25 sl |y 32l o S el 2Ll il (g poled
TYA] sl 009 (0308 13T 05la0 y0 001358 pune

Jol ,E g Juo —0-)-Y

[0F] 055 S il 5 5 el b oLl 610 glopiaas 5 005581 g 351 5l solictul L 1, 5,08 il co Jko
PELES 8 (Sl e g ool Jolss ol 2 e b 5 s g B3l 4 538 saman b Sl
15 bl ] (g gl 4 A (gnrds 5l Sale b odd (oS 5 (slmesloelfaly 5l oalital b (gl o )lies Y pame dulss 4
S5 ge el Lo SIS elgil (nl aiS g0 SaS 00938 adgs g, 50 Slge sl esliiul )5 gzadio 5 b 4o (297 48 pod Glee
Gl odal A Jgaz 50 diged (10050 g8 ol Cawd i > olaidl Jaol 4 wilgn peel) slusl ol 6 ,5ks oS



AN -Veaxao NF-Y UL“"’b Al e)LoJ) S .Ia.:?u@.aa.‘.eﬁ5‘_g]@(w o pde 4,00

Jols Jaw ;0 T0T slo ol 5l eslaxul T =N oo

Wgni bl IoT loculils

oS dghoe el cldl cul (655l » (e amdn Sl Sla 0sd o Slge Sl eslinul LalS s (G398l Sl wss S g Gl
[05] 858 s Slasls 5 (o5 jlake L0

dazme ddgs B mlie 28ly yloj Comdg ololil 55 g ool cwdige glaoanSlas Slulis oly slusl o sl slos,gld Gilwaiage
Gl 00 oolazl &l )3 plol g 5lwargs w6l SaS @y (28ly o) 0 ailfais Bual el )5 0ds (65,40l cile ly
[YA]

@133k HE g Juo —F-1-Y
(b Sloweal 6l Sledats 3,5 jure LaaSed 5 o S JS& e clodl i il 65k 51 Joo ol (a8l
6)5L.3 [Vq] .A.:O)f D s sl.....u‘ w).u.a‘ 6)3L.3 Ja...uy IR w.bbs L_SLQOJ‘& ugL..u‘ » L5....._‘>).‘> JL.M‘ )\) IR ‘BL>L>| u...oi.: 9 ;.\.JBJ
oéLﬂ...ml).o.C d.‘>).‘> u*._'\)slﬁ U"’A) )| UY}»A:JLA w‘bf (590 M2 S92 61)4 |) 6)5).6)..9 (:al...o dj..a.o w&ls ul.io‘ ;l.....u‘ w)...u‘

] om] q J9A> L 4.954.: LsL(bJ)}o WJ.QB Cow! oo;w ‘) (5“)‘ )‘

ik Jaw o sbal copnl slo el jloolal &= 5 -9 Jgae

aigos g JLlo IoT slaculils

2 e Skl Slrpt 53l 055 sl D 132 o (8Bly S & laipe el S5 s )l g il sl o)l ol
V] Sl casdlas ko oS 1 oaliitol i e sl 5 oondly oo 5o Iyl L,

! LS 5 a5 5 3ol CallB 5 el 08,5 a1y el oo 515 0l _oadly lo s Sl lSel el il (s ,5 &g
3 S b s IS 5 opalee o alols LialS 5 e a5 dlga 5 solitl Sl iShamay sl |, aliitie bglis 5 Seolpo
{A] el 03,8 ol (b, Jaily Jis

25 el sl i) 6 plid el 48, 15 el it g plid Sl o g i OR ol pggrie c0,lgo 4alS” 1o
o b Sy Sl S g Je g AV 5 V8] ol 00s8,F i 2 IS genS sloo SIS cilizeo glsil &3 6R ol 5ol
ot i sl oLl o 353 ge ) 51 oglite Sl g el o0y eLiil 5 2] (5,58 b 45 g5l iz Lo
Ol 3l 5 28 Pl o o () 4 S5 ol (5, 31 ) o252 5 5 oS Jan 5 OR Jgol oo b Ls
2559: RESOLVE gz )l 5 OR elsl s il (5 y5lid <okl Jlozr (s5lopgrin 55l 45 03,5 (905 |, slabal; 0oz )l S
el ol oals Hlas O S j0

SR gee! b

ReSOLVE
oLy " dal>
- ¥y bl K1 | Sl e
) T = S \
E i
ol L 1 Sazme oy 4 silbgime )M ses
IOTW.LL.“ N | d -ty
Sl g A )
b Sose ok | = s St
s>k JA‘S?
- Jooes) ™ Jobs
1 Sazee sola) | 3 sk

Lol 2630l (6,9l (e (L8352 I g S oo 9 PR (ol alaily Qg2 gl -0 JS2



AN -Veaxao NF-Y uLaquJ Al O)me) S M@JW?‘SW o pde 4,00

L) 2552 BaenS ladoe il a8 conl 05,5 Wl 1) (cote A5 o2 Ol 5 ol bl o il slacell ailen
OR Jsol gloo Slas Laly s sloo )T sl 5 ol 001 iy (3lodinge SebB L o1 51 g 9 OR Jpol dS S 2tis Ligs
iy oSl g gwoVl slal co ) slaco LB oS aiiie Lis > oladl Lol Jaol l sase b g cdlsl
Ol38l (S8 sl lylo loolatul iolidl el San salizes 3,k 4 o Slos (pl aijle oo dad o 0SS @ 1) Swwopml
S 5 S5 allB Ll lons o & dyobl e o 5| e | eslisial jeiis 5 Lol o (ol jac Jsb
Al 1y S e Ol Sloll g oo Slae plo

WG I 9 s s oo o Lo w).u.ﬂ ‘S)gl.lé 31 eolaw! ‘5|).3 é.i‘g.o 9 MWl -V-Y

3 Wlgs oe cledl 2l (5)5kd AsSey Al (e 0B Ty 63b) laol) 358 Slmdss b oele (gte 90 (el

$y9l8 harmetan; slacsim; » ol gl nl 5 (B p (S WS Sl (2552 I 5 S la o (slwesly

ol ez 51 loasbly el los,S i bl 1, oLl iyl 5l solitl 5 (s jlmooley wlon sl by o sl 05T 5 el il
il 03,51 1 T 51 6l oD Y+ gz 5 waE S 15 a0 b 5 Ly (salitul

e e

Ajayfd;)hm‘ssLu»‘w)ﬁu‘Lg)de)Qd))J‘JfAAJcL» cLuulw).u.)‘)_, g)lfj Sdl_@J\AA&-’M—AM—A )‘Lfii

sbedl 2ol 559l 3l 0ol p @l plo g (anms Conyy EMSEe N - g
&lgo 9 WA Wges
w325 Bt wlie 5 (2300l Slge jl eslial o 3
SlPlec G p B pas

sl ol o)S o l38le 5 (655l B pae
bl oyl IS5, 6550 LS
50 Gl 5o spsbd Gils 5 (g5l il lasd 3lgo mlw
oold (6 5y pw i
Yo e asle s
5le pyiihy ol
rolials Copng 53 25 4 JLs

Slozms JuKew 3l Oldes & sl 23U sl Sldos o> b (ialS s e sla )L L wisd (6 5lodigs
Gl (oo JST 5 s ainly 5L slodl iyl (6,5l8 05,10 Coenl uiile 65 0L (jsel b (S5s gl 5einl o(g5lwes yid alax
6)LwooLu bl )‘ JJB.MJGA ;LA-MJ‘ w).w‘ d&u...a &_, )9 9g> g0 LS'L')'H'“'A 6&70&...»0 9 liseo (_gl.ho)f &‘9." O uUal.u)‘ [ERVew) as
il g 0gs Plas a1 Slbls )l sl in axas | oolaiwl sl g aidl odis (65,5 Caxdg ;0 Wb b JSSg cpl os,l3800
S slocanz p Jolds diges G 09 Sig xS luls JSie (659l,8 a0 e wlgs o sl i ol Oliagas o] pogdle
Log 51 dlb LY G 5l ooz solatul (o 5 )lei cams (65lo oyliw 0S5 o pure ) (slodgs (65l oy lh 1Sl sl
[AF] ogisse 6500 )8
=) =Ll il (6,9b8 (glwenly 1yl e e O iz Olllas (g ,lws a5 Sl 009 Q—‘ o odline SO
o Ken 3 Mataloto adlas ;o iges sl .wloslas |3 Jlaise (o,ué 5 LsT 5l oolatnl b closl o il slaolSiws ades 3G
4) S=>o5 sl leazlu [0 cual Shgo 10 (65,80 Copde o piw gl Ll b ] Gleoliws 4F W F e [/\a]



AN -Veaxao NF-Y uLaquJ Al O)me) S M@JW?‘SW o pde 4,00

o, Slee obj,l @ [FA] o, 5en o Bottani .as)ls 55 Y/0 KWh L 1y bl 6550 Gras 4 (oyeye Fr JIVF Colua
5 oSl e a5, b5l ebely 056 b el 00565 40 RFID &5 (gl oz 1 51 ool oMSie 5 asorecons
o Jole) CO2-eq ¢,55LS ¥V + Lol RFID &5 iz gubn ) Slows a0 g po  daummalions ) (slods o 45 auzdls o
VO Jolas 5 e ol (305 ol o il 55 it Jolas PoCq o551 YT Jobeo o 5 T a5 ool 15 (05 ]
o ol DYlie 0908 gz ge Slalllas b duglio )0 sl (g3lugmsl ol yo (MoOlC Ht -€) (159,002 (32 Jolee 3o
gl oo 00y b gilwad b (60,90 Slllae SaS 4y oid > )15 g S Jow o sbdl o il 6,9ld saie g Codo slo il
Sl a3z 2yl 4 5 g Seol Gl 3l o0 eolital g (g5lailye0 JUl 5 &5 g o ol Blen JolST (w2 p3kins ol 0]

S, 5k slesl il sl adlge sl

&loo plw -V-Y-Y

65918 5l esliinl Blod 51 (6 5 S (5lwosly @lge (Fp w05 (owyp &5 (ool (gt )0 (S jlanme IMSEL  odle
5o A izl sleosls o pae sboasy] 8 laad el sl ol .l ouls 7 jlas i > IS g S slo o o sLdl il
slaools 4 sgae (6 pdu wyiws Judo 4 [YA] S,95 o0 e 4y Sxio Judod gl (e coa ST aosls $918,5 Oy b alal,
s 2wl gl (g el Wil oo (Aly o) Slaptnns 42 g e gai slass g3l 9 bl dmosle Gl g9 g (Saro
[PY] 05 Cpoid (g jluats Cg )l (o diged Sy a5 6axb wiloads (5,518,855 slaesls Jloj ax aSi! s

ol Ju Ui Gy calizee sl )9S jo slidl o pio) (g3lwooly ae) jo gleialy g (g5lws lasbinl laas Sl g0
&y (5 jlwosly [A5] WS oo e biiged Gl jo 1) ool coSIle a5 5,950 it 4 (Juiled laas cel S el
ol osls eIl o Bl iz o @) bgio o5 > oladl sla Sl

ol 3ol 5 s nd 65l s pdyelas sl slbl ol 6)5ld n (e Vgaze e (b (uizen
G eSO o Saslsl Sy ailazags S (5,08 o Yw Jeie sla ol ol J o [YA] cwl ol il
FY] oS o Juoms 1) celaiizl lgd g (6 pds Jalad «(65 3 B puan ¢ Ll 8 o 8 VS 3 Lol i il (6 ,9l8 gl

[AA] S 638wl yw 395 ool (slo oy ST o sledsl &

&S ai —F
wsls,y @B olfays 3l Lis > )15 g S Jow g sbadil o il (6,9l8 o adaily o o3l bl 4 (559 0 Allie oyl
57 5 S ladse 5 oLl il )sls a0 sale 5te 04 Allie (] PRISMA 5 S45, (ulisl 2 ool
5l e gzl S alie ol dasT (glime 5 Lo by, gizog,S b el gz g5 5 o) ol cela Lo ,o a5 sl azls
Wlia ) el 425l L o OR gzl 5 elotl o il bl oz b1, ReSOLVE pogie 5 ol 425l 5 05,5 30505 |
03,5 ok sbedl il (g)sld b oad Glaiiy o552 15 5 cuS Gladoe ae )01, G55 (sBaghy Cunds Sl s g

el 0013 s g3 diges (63,50 Dlalllas SS 4 OR sy 5l b S gecns jo 1) il 2di g ool

LB st )0 (6750, 5 aBgear D)l g by et (Sildine ln S e Jola Gl Sloiiy b slesl ol 65l
5 ebesl i yinl (5518 Sloogas ol il ool slr |y 053 58 (631 pan 5 (5508 Sl NS g bl Sixio
s pSazmt cnl sl 03,87 Glaiiy gilwane 5 sladl> g5 5l ohagas (25,2 )15 5 oS Sladoe Cudise 5 (55lwosly
229 g0 o (Floaie Dlalllas onl bl ST slojiagsy Jaie Cgz ol (L8 o ptite Slalllae lags S azs b alie
@ B ) GBS B pas a5 05l ol 8 S i p iy SO U S oSS sledl il (65ld (STl 5 S0, 50 iged sl
el @3l (DY guarma S| (6 5SS degorme SoS @ ol Slesd liae ot 53lapeal 3 b B9 50 (Y guamme STl

S g Joo (6551 Bras 2al5 Sl gl slosl ol (5,5k8 o cwl G 51 (Sl (oS sla b)) s 95950
S g lila b L] 2610 gla w580 0,8 Lo 5 sazms o lyb b el do s Ve 1Y+ 0900 b dils 5 g loaings



AN -Veaxao NF-Y UL“"’b Al e)LoJ) S .Ia.:?u@.aa.‘.eﬁ5‘_g]@(w o pde 4,00

5 Oluls ade gilw J8las a wiled co bl o 2l (6,9l8 (pmzmon .l ol g0l o> b Wilgh oo pivaews (55,50 218
o ools yoslo s lad e slacdlad 5 sloil ool (6,5L8 51 00 S oolaiul (g aS SS mlio 5l osliinl SIS ogupn
il gl e 3l Sikie B3l M) 45 35 Sy S0 Slals agt 5 VL (6551 Bpae o g on e
5 098 bl glo b3yl nl el (51 abo s SV L sloa 3o 5 (6 5mblos Cotal (6 iyt Jilos dosls ajls
4 2o e bsgie S8 SloiS 8 SIS ileper sl 1y (5 Sibeee oSl wlyise bl il (s ls sla il
A5 el b 5 dxgi 5 alllg glacs s
5 B ow ( sogpie Slacg> )l o)l soliwl mlie Al o oo j 4y 055 oy Ll jo jein i > olaidl § Ll ooyl
iz b SO ) L (60,90 Sladllae el ol aiils 3529 Sgame (6990 dalllas wiz add g wilos S oy (58 sla L]
o594 el oo allie ol 5o L5 90 Blaal Gl 3G (55,1 (g 5lusgamme o yol (ol cilos S LasST el o il 8 o )18
Aoy opl plo 1l 039) oS 3> 50 s BB (69,90 Olalllas Slasi ¢ 0l35L ¢ Jobs (giluis il [ g S sla Jow (sl
Gl oo 10 458> sludl i sl (5,5Ld aS de) ol 10 0,8 G0 (69,50 _,uum)lslsjddwd,.@&, aS 0g o0
Wlos,S = ylan ol &yl (6 55ld 4 bgy ye (a jhanmee S diin) 3 1) (s39ae Sledbl 1,0 ode ygte Sl pgo
&l dgame Sleauo g5 bapy! 5l eolawl 5 adgs a5 Wlos S 7 yhae i RFID aie) jo Jlio g1y die) jo Slallas Sy
@olr sk aslidl ci il (55l amacin ) OMSLe g oy e Jlow sl oSls [AR] sl 0051 9525 4y Cannyjlais
i 18 Slaine 6 xS0k Ol s 6 pdyelide o 4

&lo -0

1. Romkey, j., 2017. Toast of the 10T: the 1990 interop internet toaster. IEEE Consum. Electron.
Mag. 6 (1), 116-119. https://doi.org/10.1109/MCE.2016.2614740

2. Saffo, P., 1997. Sensors: the next wave of innovation. Commun. ACM 40 (2), 92-97.
https://doi.org/10.1145/253671.253734

3. Suresh, P., Daniel, J.V., Parthasarathy, V., Aswathy, R.H., 2014. A state of the art review on the
Internet of Things (loT) history, technology and fields of deployment. 2014 International
Conference on Science Engineering and Management Research (ICSEMR 1-8).
https://doi.org/10.1109/ICSEMR.2014.7043637

4. Pazoki, M. and Ghasemzadeh, R., 2020. Municipal landfill leachate management. Springer
International Publishing. https://doi.org/10.1007/978-3-030-50212-6

5. Ingemarsdotter, E., Jamsin, E., Balkenende, R., 2020. Opportunities and challenges in loT-
enabled circular business model implementation — a case study. Resources. Conserv. Recycl.
162, 105047.  https://doi.org/10.1016/].resconrec.2020.105047 ITU  (International
Telecommunication Union), 2005. ITU internets reports 2005: The Internet of Things. pp. 4-5

6. MIT (Ministry of Industry and Information Technology), 2012. Internet of things “twelfth five-
year" development plan. http://www.gov.cn/zwgk/2012-02/14/content 2065999.htm

7. Chen, C., Matt, H., 2021. Will Huawei’s Harmony operating system end the global duopoly of

Google’s Android and Apple’s 10S? South. China Morning Post, 4 June. Retrieved from.


https://doi.org/10.1109/MCE.2016.2614740
https://doi.org/10.1145/253671.253734
https://doi.org/10.1109/ICSEMR.2014.7043637
https://doi.org/10.1007/978-3-030-50212-6
https://doi.org/10.1016/j.resconrec.2020.105047
http://www.gov.cn/zwgk/2012-02/14/content_2065999.htm

AN -Veaxao NF-Y uLm.:lJ Al O)Lo,:) raswyt j‘f’“’gs"‘"‘"ﬁ"?(ﬁ)@r‘“ Copde 4 s

https://www.scmp.com/tech/big-tech/article/3136017/will-huaweis-harmony-operating-system-
end-global-duopoly-googles

8. Rockstrom, J., Steffen, W., Noone, K., et al., 2009. Planetary boundaries: exploring the safe
operating  space  for  humanity. Ecology and  Society 32 (2, 14,
http://www.ecologyandsociety.org/vol14/iss2/art32/

9. Ren, J., Manzardo, A., Toniolo, S., Scipioni, A., 2013. Sustainability of hydrogen supply chain.
Part I: identification of critical criteria and cause-effect analysis for enhancing the sustainability
using DEMATEL. Int. J. Hydrogen Energy 38, 14159-14171.
https://doi.org/10.1016/j.ijhydene.2013.08.126.

10. Manavalan, E., Jayakrishna, K., 2019. An analysis on sustainable supply chain for circular
economy. Procedia Manuf. 33, 477-484. https://doi.org/10.1016/j.promfg.2019.04.059

11. Seuring, S., Miller, M., 2008. From a literature review to a conceptual framework for sustainable
supply chain management. J. Clean. Prod. 16 (15), 1699-1710.
https://doi.org/10.1016/j.jclepro.2008.04.020

12.Elisha, O.D., 2020. Moving beyond take-make-dispose to take-make-use for sustainable
economy. International Journal of Scientific Research in Education 13 (3), 497-516
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref24

13. Schroder, ” P., Bengtsson, M., Cohen, M., Dewick, P., Hofstetter, J., Sarkis, J., 2019. Degrowth
within—aligning circular economy and strong sustainability narratives. Resour. Conserv.
Recycl. 146, 190-191. https://doi.org/10.1016/j. resconrec.2019.03.038

14. Mohammadian, H.D., 2019. IoE — a Solution for Energy Management Challenges. 2019 IEEE
Global Engineering Education Conference (EDUCON). http://refhub.elsevier.com/S0301-
4797(23)00450-4/sref73

15. Ghisellini, P., Cialani, C., Ulgiati, S., 2016. A review on circular economy: the expected
transition to a balanced interplay of environmental and economic systems. J. Clean. Prod. 114,
11-32. https://doi.org/10.1016/j.jclepro.2015.09.007

16.Rosa, P., Sassanelli, C., Terzi, S., 2019. Towards Circular Business Models: a systematic
literature review on classification frameworks and archetypes. J. Clean. Prod. 236, 117696.
https://doi.org/10.1016/j.jclepro.2019.117696

17.Rosa, P., Sassanelli, C., Urbinati, A., Chiaroni, D., Terzi, S., 2020. Assessing relations between
Circular Economy and Industry 4.0: a systematic literature review. Int. J. Prod. Res. 58 (6), 1662—
1687. https://doi.org/10.1080/00207543.2019.1680896

18. Govindan, K., Hasanagic, M., 2018. A systematic review on drivers, barriers, and practices
towards circular economy: a supply chain perspective. Int. J. Prod. Res. 56 (1-2), 278-311.
https://doi.org/10.1080/00207543.2017.1402141

19. Rejeb, A., Suhaiza, Z., Rejeb, K., Seuring, S., Treiblmaier, H., 2022. The Internet of Things and
the circular economy: a systematic literature review and research agenda. J. Clean. Prod. 350,
131439. https://doi.org/10.1016/j.jclepro.2022.131439



https://www.scmp.com/tech/big-tech/article/3136017/will-huaweis-harmony-operating-system-end-global-duopoly-googles
https://www.scmp.com/tech/big-tech/article/3136017/will-huaweis-harmony-operating-system-end-global-duopoly-googles
http://www.ecologyandsociety.org/vol14/iss2/art32/
https://doi.org/10.1016/j.ijhydene.2013.08.126
https://doi.org/10.1016/j.promfg.2019.04.059
https://doi.org/10.1016/j.jclepro.2008.04.020
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref24
https://doi.org/10.1016/j.%20resconrec.2019.03.038
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref73
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref73
https://doi.org/10.1016/j.jclepro.2015.09.007
https://doi.org/10.1016/j.jclepro.2019.117696
https://doi.org/10.1080/00207543.2019.1680896
https://doi.org/10.1080/00207543.2017.1402141
https://doi.org/10.1016/j.jclepro.2022.131439

AN -Veaxao NF-Y UL“"’b Al e)Lo,:) s ) laf?cnst5‘5]Q,w o pde 4,00

20. Gorissen, L., Vrancken, K., Manshoven, S., 2016. Transition thinking and business model
innovation—towards a transformative business model and new role for the reuse centers of
limburg, Belgium. Sustainability 112 (2). https://doi.org/10.3390/su8020112

21.Ding, S., Ward, H., Tukker, A., 2023. How Internet of Things can influence the sustainability
performance of logistics industries — a Chinese case study. Cleaner Logistics and Supply Chain
6, 100094. https://doi.org/10.1016/j. clscn.2023.100094

22. Beier, G., Niehoff, S., Xue, B., 2018. More sustainability in industry through industrial internet
of things? Applied Sciences 219 (2). https://doi.org/10.3390/app8020219

23.EMF (Report of Ellen MacArthur Foundation), 2015. Growth within: A Circular Economy
Vision for a Competitive Europe, pp. 25-26 http://refhub.elsevier.com/S0301-4797(23)00450-
4/sref27

24.Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., Shekelle, P.,
Stewart, L.A., Group, P., 2015. Preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015 statement. Syst. Rev. 4, 1-9. https://doi.org/10.1186/2046-4053-4-
1

25. Horvathova, E., 2012. The impact of environmental performance on firm performance: short-
term  costs and long-term  benefits?  Ecol. Econ. Times 84, 91-97.
https://doi.org/10.1016/j.ecolecon.2012.10.001

26. Luederitz, C., Meyer, M., Abson, D.J., Gralla, F., Lang, D.J., Rau, A.L., Von Wehrden, H., 2016.
Systematic student-driven literature reviews in sustainability science — an effective way to merge
research and teaching. J. Clean. Prod. 119, 229-235.
https://doi.org/10.1016/j.jclepro.2016.02.005

27.Blanco, C.F., Cucurachi, S., Peijnenburg, W.J.G.M., Beames, A., Vijver, M.G., 2020. Are
technological developments improving the environmental sustainability of photovoltaic
electricity? Energy Technol. 1901064 https://doi.org/10.1002/ente.201901064

28.1Jin, Y., Behrens, P., Tukker, A., Scherer, L., 2019. Water use of electricity technologies: a global
meta-analysis. Renew. Sustain. Energy Rev. 115, 109391.
https://doi.org/10.1016/j.rser.2019.109391

29.Zalk, J., Behrens, P., 2018. The spatial extent of renewable and non-renewable power
generation: a review and meta-analysis of power densities and their application in the U.S.
Energy Pol. 123, 83-91. https://doi.org/10.1016/j.enpol.2018.08.023

30.G. Aguilar-Hernandez, J. Rodrigues, A. Tukker Macroeconomic, social and environmental
impacts of a circular economy up to 2050: a meta-analysis of prospective studies. J. Clean. Prod.,
278 (2021), p. 123421, https://doi.org/10.1016/j.jclepro.2020.123421

31.Page, M.J., McKenzie, J.E., Bossuyt, P.M., et al., 2021a. Updating guidance for reporting
systematic reviews: development of the PRISMA 2020 statement. J. Clin. Epidemiol. 134, 103—
112. https://doi.org/10.1016/j.jclinepi.2021.02.003

32. Nejatian, N., abbaspour, M., Javidan, P., Nia, M.Y., Shacheri, F., Azizi, H., Nia, M.Y., Pazoki,
A., Pazoki, M., Amiri, M.J. and Abbasi, S., 2023. Evaluation of the vulnerability and pathways



https://doi.org/10.3390/su8020112
https://doi.org/10.1016/j.%20clscn.2023.100094
https://doi.org/10.3390/app8020219
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref27
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref27
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref27
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1016/j.ecolecon.2012.10.001
https://doi.org/10.1016/j.jclepro.2016.02.005
https://doi.org/10.1002/ente.201901064
https://doi.org/10.1016/j.rser.2019.109391
https://doi.org/10.1016/j.enpol.2018.08.023
https://doi.org/10.1016/j.jclepro.2020.123421
https://doi.org/10.1016/j.jclinepi.2021.02.003

AN -Veaxao NF-Y UL“"’b Al e)Lo,:) s ) laf?cnst5‘5]Q,w o pde 4,00

of groundwater pollution in the Zanjanrud river basin by an integrated modeling approach.
Modeling Earth Systems and Environment, pp.1-14. https://doi.org/10.1007/s40808-023-01897-

X

33.Joshi, K., Venkatachalam, A., Jawahir, 1.S., 2006. A New Methodology for Transforming 3R
Concept into 6R Concept for Improved Product Sustainability. in: Proceedings of the 1V Global
Conference on Sustainable Product Development and Life Cycle Engineering, Sao Carlos
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref57

34. EMF (Report of Ellen MacArthur Foundation), 2013. Towards the Circular Economy: Economic
and Business Rationale  for  an Accelerated Transition. pp. 24-25
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref26

35. Sihvonen, S., Ritola, T., 2015. Conceptualizing ReX for aggregating end-of-life strategies in
product development. Procedia CIRP 29, 639-644. https://doi.org/10.1016/j. procir.2015.01.026

36. Kirchherr, J., Reike, D., Hekkert, M., 2017. Conceptualizing the circular economy: an analysis
of 114 definitions. Resources. Conserv. Recycl. 127, 221-232.
https://doi.org/10.1016/j.resconrec.2017.09.005

37.Jabbour, A.B., Jabbour, C.J.C., Godinho Filho, M., et al., 2018. Industry 4.0 and the circular
economy: a proposed research agenda and original roadmap for sustainable operations. Ann.
Oper. Res. 270, 273-286. https://doi.org/10.1007/s10479-018- 2772-8

38.Chau, M.Q., Nguyen, X.P., Huynh, T.T., Chu, V.D., Le, T.H., Nguyen, T.P., Nguyen, D.T.,
2021. Prospects of application of loT-based advanced technologies in remanufacturing process
towards sustainable development and energy-efficient use, Energy Sources, Part A: recovery,
Utilization, and Environmental Effects. https://doi.org/10.1080/15567036.2021.1994057

39. Pazoki, M., Ghasemzadeh, R., Yavari, M. and Abdoli, M.A., 2018. Analysis of photocatalyst
degradation of erythromycin with titanium dioxide nanoparticle modified by silver. Nashrieh
Shimi va Mohandesi Shimi Iran, 37(1), pp.63-72.

40. Maroli, A., Narwane, S.V., Gardas, B.B., 2021. Applications of loT for achieving sustainability
in agricultural sector: a comprehensive review. J. Environ. Manag. 298, 113488.
https://doi.org/10.1016/j.jenvman.2021.113488.

41. Ghoreishi, M., Happonen, A., 2022. The case of fabric and textile industry: the emerging role of
digitalization, internet-of-things and industry 4.0 for circularity. Proceedings of Sixth
International Congress on Information and Communication Technology 216, 189-200.
https://doi.org/10.1007/978-981-16-1781-2_18

42.Gru'zauskas, V., Baskutis, S., Navickas, V., 2018. Minimizing the trade-off between
sustainability and cost-effective performance by using autonomous vehicles. J. Clean. Prod. 184,
709-717. https://doi.org/10.1016/j.jclepro.2018.02.302

43. Chit, T.W., Ning, L., Paliath, N.A., Long, Y.M., Akhtar, H., Shanshan, Y., 2021. lloT enabled
and data-driven sustainability evaluation framework for textile supply chain. 2021 IEEE 16th
Conference on  Industrial  Electronics and  Applications (ICIEA  297-304).
https://doi.org/10.1109/1CIEA51954.2021.9516314



http://refhub.elsevier.com/S0301-4797(23)00450-4/sref57
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref26
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref26
https://doi.org/10.1016/j.%20procir.2015.01.026
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1007/s10479-018-%202772-8
https://doi.org/10.1080/15567036.2021.1994057
https://doi.org/10.1016/j.jenvman.2021.113488
https://doi.org/10.1007/978-981-16-1781-2_18
https://doi.org/10.1016/j.jclepro.2018.02.302
https://doi.org/10.1109/ICIEA51954.2021.9516314

AN -Veaxao NF-Y UL“"’b Al e)Lo,:) S Jaf?cnst5‘5]Q,w o pde 4,00

44. Maleki Delarestaghi, R., Ghasemzadeh, R., Mirani, M. and Yaghoubzadeh, P., 2018. The
comparison between different waste management methods of Tabas city with life cycle
assessment assessment. Journal of Environmental Science Studies, 3(3), pp.782-793.

45. Liao, W., Wang, T., 2019. A novel collaborative optimization model for job shop production—
delivery considering time window and carbon emission. Sustainability 11(10) 2781.
https://doi.org/10.3390/su11102781.

46. Heidary, R., 2017. Effect of temperature on hydrothermal gasification of paper mill waste, case
study: the paper mill in North of Iran. Journal of Environmental Studies, 43(1), pp.59-71. DOI:
10.22059/JES.2017.62061

47.Velvizhi, G., Shanthakumar, S., Bhaskar, D., Pugazhendhi, A., Priya, T.S., Ashok, B.,
Nanthagopal, K., Vignesh, R., Karthick, C., 2020. Biodegradable and nonbiodegradable fraction
of municipal solid waste for multifaceted applications through a closed loop integrated refinery
platform: paving a path towards circular economy. Sci. Total Environ. 731, 138049.
https://doi.org/10.1016/j. scitotenv.2020.138049

48. Al-Masri, E., Diabate, 1., Jain, R., Lam, M.H., Nathala, S.R., 2018. Recycle.io: an loTenabled
framework for urban waste management. In: 2018 IEEE International Conference on Big Data.
IEEE, pp. 5285-5287. https://doi.org/10.1109/BigData.2018.8622117

49. Miaoudakis, A., et al., 2020. Pairing a circular economy and the 5G-enabled internet of things:
creating a class of looping smart assets? IEEE Veh. Technol. Mag. 15 (3), 20-31.
https://doi.org/10.1109/MVT.2020.2991788

50. Oliveira, De, S, F., Soares, A.L., 2017. A PLM vision for circular economy. IFIP Adv. Inf.
Commun. Technol. 506, 591-602. https://doi.org/10.1007/978-3-319-65151-4 52.

51. Tajfar, 1., Pazoki, M., Pazoki, A., Nejatian, N. and Amiri, M., 2023. Analysis of heating value
of hydro-char produced by hydrothermal carbonization of cigarette butts. Pollution, 9(3),
pp.1273-1280. DOI: 10.22059/POLL.2023.335704.1293

52.Plakas, G., Ponis, S.T., Agalianos, K., Aretoulaki, E., 2020. Reverse logistics of end-of-life
plastics using industrial 10T and LPWAN technologies — a proposed solution for the bottled water
industry. Procedia Manuf. 51, 1680-1687. https://doi.org/10.1016/]. promfg.2020.10.234

53.Zhou, Z., Cai, Y., Xiao, Y., Chen, X., Zeng, H., 2018. The optimization of reverse logistics cost
based on value flow analysis - a case study on automobile recycling company in China. J. Intell.
Fuzzy Syst. 34, 807-818. https://doi.org/10.3233/JIFS-169374

54. Mastos, T.D., Nizamis, A., Vafeiadis, T., Alexopoulos, N., Ntinas, C., Gkortzis, D.,
Papadopoulos, A., loannidis, D., Tzovaras, D., 2020. Industry 4.0 sustainable supply chains: an
application of an 10T enabled scrap metal management solution. J. Clean. Prod. 269, 122377.
https://doi.org/10.1016/j.jclepro.2020.122377.

55. Gustafson-Pearce, O., Grant, S.B., 2017. Supply chain learning using a 3D virtual world
environment.  Smart  innovation.  Systems and  Technologies 68, 386-397.
https://doi.org/10.1007/978-3-319-57078-5_37



https://doi.org/10.3390/su11102781
https://doi.org/10.1016/j.%20scitotenv.2020.138049
https://doi.org/10.1109/BigData.2018.8622117
https://doi.org/10.1109/MVT.2020.2991788
https://doi.org/10.1007/978-3-319-65151-4_52
https://jpoll.ut.ac.ir/article_91954.html
https://doi.org/10.1016/j.%20promfg.2020.10.234
https://doi.org/10.3233/JIFS-169374
https://doi.org/10.1016/j.jclepro.2020.122377
https://doi.org/10.1007/978-3-319-57078-5_37

AN -Veaxao NF-Y UL“"’b Al e)Lo,:) s ) laf?cnst5‘5]Q,w o pde 4,00

56. Despeisse, M., Baumers, M., Brown, P., Charnley, F., Ford, S.J., Garmulewicz, A., et al., 2017.
Unlocking value for a circular economy through 3D printing: a research agenda. Technol.
Forecast. Soc. Change 115, 75-84. https://doi.org/10.1016/]. techfore.2016.09.021

57.Rocca, R., Rosa, P., Sassanelli, C., Fumagalli, L., Terzi, S., 2020. Integrating virtual reality and
digital twin in circular economy practices: a laboratory application case. Sustainability 12 (2286).
https://doi.org/10.3390/su12062286

58. Gligoric, N., Krco, S., Hakola, L., Vehmas, K., De, S., Moessner, K., Jansson, K., Polenz, I.,
Van Kranenburg, R., 2019. Smarttags: loT product passport for circular economy based on

printed  sensors and  unique  item-level identifiers.  Sensors 586  (3).
https://doi.org/10.3390/s19030586

59.Pazoki, M., Pari, M.A., Dalaei, P. and Ghasemzadeh, R., 2015. Environmental impact
assessment of a water transfer project. Jundishapur Journal of Health Sciences, 7(3).
https://doi.org/10.17795/jjhs-27238

60. Fazio, De, et al., 2019. Sensors-based treatment system of the organic waste with RFID
identification and on-cloud traceability. 2019 IEEE 8th International Workshop on Advances in
Sensors and Interfaces (IWASI 245-250. https://doi.org/10.1109/IWASI.2019.8791339

61. Mboli, J.S., Thakker, D., Mishra, J.L., 2020. An Internet of Things-enabled decision support
system for circular economy business model. Software Pract. Ex. 1-16.
https://doi.org/10.1002/spe.2825

62. Laskurain-Iturbe, 1., Arana-Landin, G., Landeta-Manzano, B., Uriarte-Gallastegi, N., 2021.
Exploring the influence of industry 4.0 technologies on the circular economy. J. Clean. Prod.
321, 128944, https://doi.org/10.1016/j.jclepro.2021.128944.

63. Venkatesh, V.G., Kang, K., Wang, B., Zhong, R.Y., Zhang, A., 2020. System architecture for
blockchain based transparency of supply chain social sustainability. Robot. Comput. Integrated
Manuf. 63, 101896. https://doi.org/10.1016/j. rcim.2019.101896

64.Roy, M., Roy, A., 2019. Nexus of internet of things (IoT) and big data: roadmap for smart
management  systems (SMgS). IEEE Eng. Manag. Rev. 47 (2), 53-65.
https://doi.org/10.1109/EMR.2019.2915961

65. Awan, U., Sroufe, R., Bozan, K., 2022b. Designing value chains for industry 4.0 and a circular

economy: a review of the literature. Sustainability 14 (7084).
https://doi.org/10.3390/su14127084
66. Awan, U., Golgeci, ~ I., Makhmadshoev, D., Mishra, N., 2022a. Industry 4.0 and circular

economy in an era of global value chains: what have we learned and what is still to be explored?
J. Clean. Prod. 371, 13362. https://doi.org/10.1016/]. jclepro.2022.133621

67. Fisher, O.J., Watson, N.J., Escrig, J.E., etal., 2020. Considerations, challenges and opportunities
when developing data-driven models for process manufacturing systems. Comput. Chem. Eng.
140, 106881. https://doi.org/10.1016/j. compchemeng.2020.106881



https://doi.org/10.1016/j.%20techfore.2016.09.021
https://doi.org/10.3390/su12062286
https://doi.org/10.3390/s19030586
https://doi.org/10.1109/IWASI.2019.8791339
https://doi.org/10.1002/spe.2825
https://doi.org/10.1016/j.jclepro.2021.128944
https://doi.org/10.1016/j.%20rcim.2019.101896
https://doi.org/10.1109/EMR.2019.2915961
https://doi.org/10.3390/su14127084
https://doi.org/10.1016/j.%20jclepro.2022.133621
https://doi.org/10.1016/j.%20compchemeng.2020.106881

AN -Veaxao NF-Y UL“"’b Al e)Lo,:) s ) laf?cnst5‘5]Q,w o pde 4,00

68. Pazoki, M., Ghasemzadeh, R., Pazoki, M. and Ghasemzadeh, R., 2020. Leachate quality.
Municipal Landfill Leachate Management, pp.101-127. https://doi.org/10.1007/978-3-030-
50212-6_3

69.Ma, S., Zhang, Y.F., Liu, Y., Yang, H.D., Lv, J.X,, Ren, S., 2020. Data-driven sustainable
intelligent manufacturing based on demand response for energy-intensive industries. J. Clean.
Prod. 274, 123155. https://doi.org/10.1016/j.jclepro.2020.123155.

70. Hofmann, E., Rusch, M., 2017. Industry 4.0 and the current status as well as future prospects on
logistics. Comput. Ind. 89, 23-34. https://doi.org/10.1016/]. compind.2017.04.002

71.Hasanova, H., Romanovs, A., 2020. Best practices of technology management for sustainable
digital supply chain. 2020 61st International Scientific Conference on Information Technology
and  Management Science of Riga  Technical  University (ITMS  1-6).
https://doi.org/10.1109/ITMS51158.2020.9259319

72.Rymaszewska, A., Helo, P., Gunasekaran, A., 2017. loT powered servitization of
manufacturing: an exploratory case study. Int. J. Prod. Econ. 192, 92-105.
https://doi.org/10.1016/j.ijpe.2017.02.016

73. Ghasemzadeh, R., Abdoli, M.A., Bozorg-Haddad, O. and Pazoki, M., 2022. Optimizing the
effect of hydrochar on anaerobic digestion of organic fraction municipal solid waste for biogas
and methane production. Journal of Environmental Health Science and Engineering, 20(1),
pp.29-39. https://doi.org/10.1007/s40201-021-00751-5

74.Ekren, B.Y., Mangla, S.K., Turhanlar, E.E., Kazancoglu, Y., Li, G., 2021. Lateral inventory
share-based models for loT-enabled E-commerce sustainable food supply networks. Comput.
Oper. Res. 130, 105237. https://doi.org/10.1016/j.cor.2021.105237.

75. Sassanelli, C., Rosa, P., Terzi, S., 2021. Supporting disassembly processes through simulation
tools: a systematic literature review with a focus on printed circuit boards. J. Manuf. Syst. 60,
429-448. https://doi.org/10.1016/j.jmsy.2021.07.009

76.Li, C.Z., Chen, Z., Xue, F., et al., 2021. A blockchain- and loT-based smart product-service
system for the sustainability of prefabricated housing construction. J. Clean. Prod. 286, 125391.
https://doi.org/10.1016/j.jclepro.2020.125391.

77.Sharma, M., Singla, M.K., Nijhawan, P., Dhingra, A., 2021. Sensor-based optimization of
energy efficiency in internet of things: a review. Sustainable Development Through Engineering
Innovations 113, 153-161. https://doi.org/10.1007/978-981-15-9554- 7_14

78. Gao, X., Han, H., 2021. Five senses’ experience model for mirroring online shopping in IoT.
International Conference on Artificial Intelligence and Electromechanical Automation (AIEA
286-289) https://doi.org/10.1109/AIEA53260.2021.00067

79. EMF (Report of Ellen MacArthur Foundation), 2016. Intelligent assets:Unlocking the circular
economy potential, pp. 13-14 http://refhub.elsevier.com/S0301-4797(23)00450-4/sref28

80. Garcia-Muina, ~ F.E., Gonz" alez-Sanchez, " R., Ferrari, A.M., Volpi, L., Pini, M., Siligardi, C.,
Settembre-Blundo, D., 2019. Identifying the equilibrium point between sustainability goals and



https://doi.org/10.1016/j.jclepro.2020.123155
https://doi.org/10.1016/j.%20compind.2017.04.002
https://doi.org/10.1109/ITMS51158.2020.9259319
https://doi.org/10.1016/j.ijpe.2017.02.016
https://doi.org/10.1016/j.cor.2021.105237
https://doi.org/10.1016/j.jmsy.2021.07.009
https://doi.org/10.1016/j.jclepro.2020.125391
https://doi.org/10.1007/978-981-15-9554-%207_14
https://doi.org/10.1109/AIEA53260.2021.00067
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref28
http://refhub.elsevier.com/S0301-4797(23)00450-4/sref28

AN -Veaxao NF-Y UL““’b Al e)Lo,:) s ) laf?cnst5‘5]Q,w o pde 4,00

circular economy practices in an industry 4.0 manufacturing context using eco-design. Social
Sciences 241 (8). https://doi.org/10.3390/socsci8080241

81. Spaltini, M., Poletti, A., Acerbi, F., Taisch, M., 2021. A quantitative framework for Industry 4.0
enabled Circular Economy. Procedia CIRP 98, 115-120.
https://doi.org/10.1016/j.procir.2021.01.015

82.Fraga-Lamas, P., Lopes, S.I., Fern” andez-Caram’es, T.M., 2021. Green 10T and edge Al as key
technological enablers for a sustainable digital transition towards a smart circular economy: an
industry 5.0 Use case. Sensors 21 (5745). https://doi.org/10.3390/s21175745

83.Yu, Z., Khan, S., Mathew, M., Umar, M., Hassan, M., Sajid, M.J., 2022. Identifying and
analyzing the barriers of Internet-of-Things in sustainable supply chain through newly proposed
spherical ~ fuzzy  geometric  mean. Comput. Ind. Eng. 169, 108227.
https://doi.org/10.1016/j.cie.2022.108227.

84. Abdoli, M.A. and Ghasemzadeh, R., 2024. Evaluation and optimization of hydrothermal
carbonization condition for hydrochar and methane yield from anaerobic digestion of organic
fraction  of  municipal solid waste (OFMSW). Fuel, 355, p.129531.
https://doi.org/10.1016/j.fuel.2023.129531

85. Mataloto, B., Ferreira, J.C., Cruz, N., 2019. Lobems—IoT for building and energy management
systems. Electronics 8(7) 763. https://doi.org/10.3390/electronics8070763

86. Astill, J., Dara, R.A., Campbell, M., et al., 2019. Transparency in food supply chains: a review
of enabling technology solutions. Trends Food Sci. Technol. 91, 240-247.
https://doi.org/10.1016/].tifs.2019.07.024

87.Feng, H.H., Wang, X., Duan, Y.Q., Zhang, J., Zhang, X.S., 2020. Applying blockchain
technology to improve agri-food traceability: a review of development methods, benefits and
challenges. J. Clean. Prod. 260, 121031). https://doi.org/10.1016/j. jclepro.2020.121031

88.Tan, B.Q., Wang, F.F., Liu, J., Kang, K., Costa, F., 2020. A blockchain-based framework for
green logistics in supply chains. Sustainability 12 (4656). https://doi.org/10.3390/su12114656

89.Jia, X., Feng, Q., Fan, T., Lei, Q., 2012. RFID technology and its applications in internet of
things (1oT). 2012 2nd International Conference on Consumer Electronics, Communications and
Networks (CECNet) 1282-1285. https://doi.org/10.1109/CECNet.2012.6201508



https://doi.org/10.3390/socsci8080241
https://doi.org/10.1016/j.procir.2021.01.015
https://doi.org/10.3390/s21175745
https://doi.org/10.1016/j.cie.2022.108227
https://doi.org/10.3390/electronics8070763
https://doi.org/10.1016/j.tifs.2019.07.024
https://doi.org/10.1016/j.%20jclepro.2020.121031
https://doi.org/10.3390/su12114656
https://doi.org/10.1109/CECNet.2012.6201508

