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Abstract:

The idea of containerizing goods is a centrainpmnent of the Physical Internet philosophy,
as this containerization serves to abstractl standardize goods andgments. This approach
promises to simplify the handling of shipnseah the one hand andlder shipments more
efficiently throughout t transport network.

In the present work, scientific publicationsreevaluated according to the terms Physical
Internet, Pl Container and containerizatiorOut of almost 300 examined scientific
publications, more than 25 could be identifigt had a strong focus on the topics of Pl
Containers and containerization. These identifaaticles were methodically compared by
categorizing them according to aspects highlightihe technical view on the current state of
development of PI containers.

Our research shows that over the past 12ryepist a few cases were documented where
specific engineering design solutions of a Pl eorgr were presentednd tested in real-life
applications. Thus, we concludathurther research into thethnical design of Pl Containers

is needed to identify use cases where theogapnt of Pl Containers has a significant positive
impact, is accepted by users, and is accessible under economic, ecological, and technical
aspects.

Keywords:Containerization, Physical Internet, Physidnternet Container, Transportation,
modularization

Conference Topic(s)interconnected freightansport; material handlig; Modularization; Pl
fundamentals and constituents; Pl impacts;ifplementation; vehies and transshipment
technologies.

Physical Internet RoadmafLink): Select the most relevant area for your pape! Nodes,
Pl Networks, System of Logistics Networks, Access and Adoption, Governance.
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1 Introduction

7KH LGHD RI FRQWDLQHUL]LQJ JRRZXMMWVIM D CF HQWHIWD@HMR B R RQH
WKLV FRQWDLQHVLDDWRRQ WHRUY MAD MGIHOWSEFIHQWWRRBGR/LY @G S L
SURPLVHV WR VLPSOLI\ WKH KDQGOGQWRR G HIOHLYIKKW VRKQ SPIKIHD
HITLFLHQWO\ W K UFRRUJW RXMW W R B NWREDV@NK XL @ W K H U

7KHUHIRUH LW LV XQDYRLGDEOH3WERQYWDQ QXWX WQH MEHYR UL
DQG XVHG ZLWKLQ WKH 3, QHWZRURUH®B WRHP OV 8 X B O & RIDWILL
KDG PDQ\ VKDSHV DQG IRUPV LQ GLIUHURHROWW VA L MKV H FVZARX
RQH WKLQJ LQ FRPB®RY DWKXR H MQHDB) W KL/ WRIBVWBOOHDLIH 7
VFLHQWLILF LQYHVWLJDWLRQV KRZKWYRXO DWHR®REDWON\G YL Q
SXEOLFDWLRQV WKH 3, &RQWDLQHU® RH UNHKEQ DH/[ LD/ VP RGHNO/
PDWKHPDWLFDO PRGHO RU LQ YLVXDOILRDWLRWX F K[FBI\S WV Kl
02'8/86+&$ SURMHFW &XKQGWELRHMHY ZDV GG WY WG GE XQ OWH DQ
VFHQDULRV ORVWR&I3W KR QW HPHBHE QKPR Q 8 X BWKHDG ¥ELUW X D (
PDWKHPDWLFDO PRGHOV RQ D VLPXDRBRWWK® BRW.IVF B DQ,HVW ¥

LQ

7KH 02'8/86+&$ SURMR W RQHPR IWHZ ZRURN \8 DR)OE. NEWH WY W i
WKH 3, &RQWDLQHU OHDYH WKH YLUWXDIY LZRULQG E/OLQUEBARKD
WHVWLQJ D UHDO PULK J3,Q K R QRKDIODHEH HAR QWKLIBW URHXG/ W3 K\ V
SURSHUWLHV VXFK DV PDVV DQG WHKNWBBXPWKRRMWWKH3PRR
ZHOO DV FRVWVY HFRORJLFDO EHQR KWW PRS0 R B HX®FMWN RRYXD\C
XVDELOLW\ PD\ QRW EH FUXFLDO BRSBE®QY WRUURXPXIODPWR B
SUREOHPV 6WLO®RIRUDWHYBO\OLIRVEGR VWK (QRWHERUMMY DQG ZLO
EH GHFLVLYH IRU ZKHWKHU 3, &R @ WHDQ QU URVFDQGY WY\ R NVG RQ

$V FRQWDLQHUL]BWLRXF LLIOR §HO RO ¥Q RV HVE B 16 MK WIKEY DG G UH
WKH HYROXWLRQ BRB ,WAKRD WHDWLQEMHK\QIQAMA RIWHUDRBW 3KLOF
WR WKH SUHVHQMHUUGP ®VHDOIQWMLNGID WO EOXIGULYSHEKH DC
KRZ WKH GHVLJQ RI 3, 8RQWDLQHUY WRVVHYR®HWH G L @ OHE R WKR
QXPEHU RI SURMHFIMOL QD G LSVKS WKHD®H. B OWDL 6 B OL Q WSIRIGFX F W |
&RQWDLQHUV RBQNHSWRDWKH IGRFWIWLFY QHWZRUN

TKHUHIRUH RYHU 3, UHODWHG SXHOHFD@YREQJWG SID@GE UHY R
IROORZLQJ D 6\VWHPDWLF /LWHUDWWYUWH 6HX¥YVLWHZG 744 H K HY HDK
ZLOO EH HODERUDWHG RQ DQG H[SWOHARW HREQL Q W KR ZAHHYWAKUR G\LK
ZLOO IRFXV RQ WKH RYHUDUFKLQJ TXHVWLRQ

e $FFRUGLQJ WR DQ (QJLQHHULQJ 'HVLVQFBIDOIDWW & H3 B KW
,QWHUQHW &RQWDLQHU"

2 Methodology

$ 6\WWHPDWLF /LWHUDWXUH 5HYLHZZ\6/\& KB S\&)OR PG UL QD @ & DS\
RI LQIRUPDWLRQ D RQ W K/S B MW HEDMWRSIBE &IRAXW BHQRWH LQ WK
ILUVW VWHS DOO UHOHYDQW LQFROPMFIWRIG DG QLHYH H B MK |
WR VFUHHQ WKH DESI@UFDHOH YDIOFKHDFRHEGUBDK WRHVWLRQV
WKH OLWHUDWXUH UHYLHZ IRFXVHG BQUD\SH UK D QR S XE QRU F;
,QWHUQHW &RQWDLQHUV )XUWKHU LR®R RD WX H BIRWPRB Q R,Q
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&RQWDLQHUV WKH PRVW UHOHYDQWHIRBEQ LFG WRRYV CHWIE
DVSHFWV $FFRUGLQJ WR WKH VFKHR® RDIQEGGVWWKIH ZWUKN IQ K
SHYLHZ WKH IROORZIURFNWWHY ZIHDUR HW DO

e 3UREOHP 6WDWHPHQW SUREOHP )RUPXODWLRQ
Objective: EODULILFD\WHRBDRIFW KK HVW LR Q
e 'HYHORSPHQ@WYRIHZ KSURWRFRO
Objective: 6HW XS Rl H[S@QLALMOXYER®VAWRLWHULD
e 'DWD DFTXLVLWLRQ
Objective: 6HDUFK R1 UHOHY BOWLHIVWU DG KU H
e 'DWD VFUHHQLQJ
Objective: 6 FUHHQ IRUSLRHFOLHA BREVWUDFW
e 'DWD TXDOLW\
Objective: $VVHVV HXBOYMHZ )XOO WHI[W
e 'DWD ([WUDFWLRQ
Objective: 9DOLGDWH DQG FDWHJRUL]H GDWD
e $QDO\VLV DQG 6\QWKHVHYV
Objective:)LQGLQJV RI WKH /LW®O\WUDHUX WHC K5 BHIVHHD UF K 4 X H

&KDSWHU VKR ZRQVKIHWKSSWCH. FDWHIS F X6 U3) M YW SWHR @ DAUKEHK W

3 Systematic Literature Review — Method application

,Q FKDSWHU WKH PHWKRG RI WKH 66HWHBDEHG /TKULH/UBRV
VKRZ WKH DSSOLFDWLRQ RI WKLV FHRNKRIGH IPGMOXREI. RD D/
UHVHDUFK TXHVWLRQ $00 SURFHVRIVWHIS W HEHDLOQRKL DX H2
DSSOLHG DQG GHOFRUIEWEH HEOOBRM. QJ VHFWLRQ w

3.1 Problem Statement

7KH DLP RI WKLV $he S8ddlopmeéntVefPl CenRaihers over the last years as well

as the technology readiness of specific solutiolSK HUHIRUH WKLY OLWHUDWXU't
UHODWHG ZRUN ZKLFK GLUHFWO\ RIU3| QRIQMHFWIHUDW 8 UM
IROORZLQJ UHVHDUFK TXHVWLRQV

e 54 +RZ PDQ\ ZRUNV DGGUHVVHG WKHSBF &IR@PDOXIAYE
GHYHORSPHQW RYHU WKH ODVW \HDUV

e 54 KDW V WKH GBIBWHR @ IRD BAVRVHI 3V HBAR Q @/ DMKQHH G LWIBIRJII

e 54 7R ZKDW H[WH QW SMHUWFAN B K\ E © BDGRIIGW.KH VBK B RIEGIW D

3.2 Development of the review protocol

7KH ,QWHUQDWLRQQBW K\RQ FDWDH @R#V Z3H & HSGRILIQHGLRYV W
VRXUFH IRU SXEOLFDWLRQV 7KHUHIR®RH, D,&Q HWH BHING UQ B
DV D VRXUFHORI OHWHUDW XU H

$V D VHFRQG VRXUMHHEDWRWH Q D/VQHOGY\RK N \0 Z'R LF&K+ & VG UR |
SXEOLFDWLRQV ZHU® W& M RSIRAEORMEBRWISXIEOLFDWLRQV

,Q DGGLWLRQ IXUWHK®JULORSX @D UV WHRERYWHI 6FF RRODNU 5HV
DQG 6FRSXV ZHU K KW K& BA®E B IDWME RPVZIKVKLWD O ,QWHUQHW

,Q \HDU 3, & Z® G XOHR W KM KH BOREHP KR 9, LW XDWLRQ
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ZLWK WKH VXE WRSAUPFQRWS3ERQWDOGHWY | RIKGIRVAUQUHNH\ZR UG\
GHILQHG

3K\WVLFDO ,QWHUQHW RU 3, RU &
DQG
&RQWDLQHU RDW&RQWRIQMHMUIQHUL]DWLRQ

YXUWKHU LW ZDV GHILQHG datK Boguisiiok(RevieWw RitteH D @@ WHSV R
screening (Review Abstrack LOO EH DSSOLHG VLPXOWDQHRXVO\

3.3 Data acquisition

$V D ILUVW VWHS DOO SRWHQWLDRYOD U OHVIOW SEFFRW\G IC
UHYLHZ SURWRFRO WKH PDMRU SDUVE\RAFRQKLYL BXWXRXQY DR
,QWHUQDWLRQDO 3K\VLFDO ,QWH U QHEHW. RRORQLU R QM QAL FR VF ZW
02'8/86+&$ SURMHFW SREOXLFDWLR@ Y G8 UWIRRE HU PRI SXEOLFTC
DQG SDSHUV ZHUH FROOHFWHG YLDWIWDR ZRUKBVVHDQUW¥XPHQ.
GHVFULEHG LQ VHFWLRQ

7KLV OLVW RI SXEOLFDW aRGV30DwBiosD SKHVHLORE®GHIVW LR QV
YDOLGDWHG URXJKO\ E\ UHYLHZL @¥N VDK® H RUWW H B/ L KA. N VUBI Y ¢
WR VRUW RXW DOO SXEOLFDWLRQVWRKSER BUREBRQW®GR QPRI
VLIQLILFDQW PDWWHU 7KHUHIRUHK\YDRSBOVLQ®G UBWW @R @M
FRQWDLQHUL]DW LR IR WIRRGH R USMKHE R @ENVGHIDHFO | XUMNKHU 7|
OLVW 126 poitial HublicationsD QG VHUYHV DVHI ERQWH VRWIXWWERQV L Q
V WiBtSqualty VHH VHFWLRQ

3.4 Data quality

7KH ILUVW URXJK UHYLHZ RI WKH SRQVHQWVER ZEGE QIKLDW L
publicatons SRWHQWLDO O\ VVYQW KHF WRBQF ROGW KHR QW PW QHVUHS
SXEOLFDWLRQV ZHUH UHYLHZHG LQKGMNHDLIR MXR/ RDWIH USPR. QM
7R UHGXFH WKH QXPEHU RI UHOHYDQFRGWNERQUW TRV @ RMO U |
UHODWLRQ WR 3, S8REWDWEHU3R & REWMOMUWKDQGWIKHUMHQ3KLOF
PHQWLRQV JHW VWUXFN IURP WKHJBLRWH RWUKDWHEBB Y GKXEQL
PHQWLRQV RI WKH 3K\VLFDO ,QWH UQP XV SR\ B HGHW KA W K LHQL
WKH 3K\WLFDO ,QWHUQHW |XQ GERRH\Q B DVRHW B B H AKKS X EDXE O
XQGHU IXUWKHU FRSQ\RIFGIVIWDWAR® HYKVKRZQ LQ 7DEO

Table 1: List of relevant publications after data acquisition

PI
Container
Source as Comment
significant
content

Montreuil et al. (2014) Introduction and development of the concept of Pi Container
Pach et al. (2014) Pl Container as a Hexader for packaging simulations
Walha et al. (2014) PI Container with different dimensions, mathematical model
Tran-Dang et al (2015) PI Container with different dimensions for packaging simulations
Tretola et al. (2015) Definition of Data Sets based on MODULUSHCA
Landschitzer et al. (2015) Specific design and prototype of Pl Container for field testing
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Chakrouun et al. (2016) General description of PI Container
Kapplmdiller at al (2016) Specific design of a Pl Container incl. specific dimensions and functions
Hao et al. (2016) General description of PI Container, function of Pl Container in Pl Hub
Salley et al. (2016) General description of PI Container, focus on information exchange
Faugere et al. (2017) Description of dimensions and functions
Di Febbraro et al (2017) Mathematical Modell of PI Container incl, different dimensions
Krommenacker et al (2017) General description of PI Container
Tran-Dang (2017) Description of functions of PI Containers, several simulations
Chargui et al. (2018) General description of PI Container, function of Pl Container in Pl Hub
Buckley et al. (2018) PI Container with different dimensions, mathematical model
CLUSTEC

Detailet description of re uire entsfor e Mo larlLoad n t

‘ Btz b dignsiiichbidmRist it ake el @ simulatias
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UHODWHG SHUYVSH PEnnmglan\DesigrPRH00eERVG XRMHG WR FODV VL]
PHQWLRQHG 3, &RQWDLQHUV LQWRPMNKiky afie&sRZ L QJ VWD
Process 3S3DKO %HLW]

0O 30DQQLQJ DQG FODULI\

0 &RQFHSWXDO GHVLJQ

0 (PERGLPHQW GHVLJQ

o 'HWDLO GHVLJQ

-

=RQH

&/867(56 IDQGVFKiW]HU
HW DO

+D\HN HW DO

.DSSOPOOHU

HQJLQHHULQJ DQG SK\VLFDO GHVLJQ DVSHF

SODQQRLQJ DQG GHVLIJQ SURFHVV

o
law]
-l
>
I
O
o]
-
:
>
I
O
2
o HW DO
T
o
| T T mmm—mmm—mmmmm—— -
o : %HOQHNURXI]!
[vog 1
m =RQH | l
g | 'L )HEEUDUR HW DO
T Lo i
o C} | YDXJHUH HW DO
o
1
X o E 0RQWUpX|LO! 3DFK HW DO |
1
I T £ HW DO | :DOKD HW DO|!
L 5 '
o0 g i| 7UDQ 'DQJ HW DO
oz ¢ ! l
>> ) %XFNOH\ HW DO
T o S |
o a S &KDUJXL HW OpP
r 3 S :
— S +DR HW DO |[!
o 3|l =RQH|S :
o , : 6WHUQEHUJ HW DW
[a) ’ : 1
o C] '| 7UDQ 'DQJ HW [pO
751/ 75/ 75/ 75/ 75/

THFKQRORJ\ 5HDGLQHVYV /HYHO 75/

Figure 1: Classification of relevant publications

)XUWKHU WKH UHOHYDQW SDSHUV FDEFROFRQEHVRDWKHRUL
SXEOLFDWLRQ ZKLFK \DIOKW RAHW DDYRHGXH WLRW B | L

e 54 +RZ PDQ\ ZRUNV DGGUHVVHG WKH BF &RQWHOH &/ W
LQFOXGLQJ GHYHORSPHQW RYHU WKH ODVW \HDUV

7DEOH VKRZV WKH FDWHJRUL]DW LRIQF BW WXH WRIN B HYHHOOHRYIF
WKH GHJUHH Rl VFLHQWLILF LQYH®W HID BA\L R/& HR Q X3P E&HRIQ R/IDP |
RI 3, &RQWDLQHUVFZ$ WKQ QF D MLLHREMLURY HAK MUKHHI BDN WWKH OD V'
WDEOH UHSUHVHQWY WKH WRWDOLMRRGQMD RK UHHDW YD QW S XE
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Table 2: Evaluation of the developmenta&vant publicationgrom 2014 to 2022.

SHUVSHFWLYH

2014

2015

2016 2017 2018

2019

2020

2021

2022

Montreuil et al.
Walha et al

Pach et al.

3

Landschitzer et al.

Tran-Dang et al

2

Hao et al Tran-Dang Buckley et al

Kapplmdiller at al Di Febbraro et al Chargui et al

Faugere et al

2 3 2

Sternberg et al.

Tran-Dang et al

Hayek et al.(2022)

3.6 Analysis and Syntheses

7KH UHVXOW RI WKH SURFHVVHG 6\VWHMAIPWIGF X & WZH. WKW {
| R O O Rjdantive takeaway

e 2XW RI BOOpPaReVaWW QG VFLHQWLILF ZRUNV DGGUHVVLQJ 3t
, QWHUQHW Z%Rhddtetn® BGGUHVYV 3, &RYO®DRQHUQGLUHF'
VHFWLRQ

e 2XW RI20/publivaions DGGUHVVLQJ 3, &S&RQWQRGQHHFGL UGIR W
XQLTXH VWDWHPHQWY RU QHZ ILQGIO@IY HD PHRARMGEL QW K
papers VHH VHFWLRQ

e 7KH UHPDBLpQUlications ZHUH DQDO\]HG DFFRUGLQJ WR WK

7KLY DQDO\VLV IRFXVVHG RQ W KAPHWELHRYVHORISF, HERD V¥
ZLWKLQ WKH ODVW \HDUV RQ WKH R@&W LKRED@Q\G RO BG &R
ZLWKLQ WWHRXEROQFIWWKH RWKHU

7 Kdbalitative takeaway, KRZHYHU ZLOO EH VXPPHG XS DQG DQDO\]

4 Results

$IWHU SURFHVVLQJ WKH VWHSV RIBG/HB[WURPWLIRDD IDW TROLQ
WKH LQYHVWLIJDWHGKSEHODOF Z2IW R QVKGEGZ B8, SSKRQMWFIDIAQ R D W V
VLPLODU FKDUDFWHULVWLFV

e 7KH 7HFKQRORJLH 5HDGLQHVV /HYHO 75/Z LWHORK RD }
LQYHVWLIJDWHG SHEOY RDWWR Q Q¥ GROLERR/D BADR. D FHKIHN LR)I \
SXEOLFDWLRQV VKRZ ORZHU 75/ PRVSWRO WAHPLRIIV T
WKH JRDO RI LOQWURGXFLQJ 5HDG\ W\R K8/ HP Y R IDX W L R
LQ JLIXUH E\ WKH LRQW L@JVSKHIE GHFDWR\PHQW VHFWR

e $ IHZ LQYHVWLIJDWHG SXEOLFDWLRD 8K QIGF B 0 RIM-SHA
SDUDPHWHUV LQWR WKHLU VROXWLRQ KLYGL B S\SKURDF
FODVVLI\LQJ WKH SXE OLF D WarRiGg\andIRsWhkPrOCES84D IHHZ Z L W
VROXWLRQV H[FHHGHG WKH VWDJH RRI| GMKH QRYHYIWL
SXEOLFDWLRQV DDHHVRIX BN VIFW L\E Wi RQVBROQ GV KRIUR X O
IXQFWLRQV RI WKW IKBRX\W QWP DYBU@UHSYWKHU GHVLJC

e 7KH 02'8/86+&$ SURMKFW]HD GIGNBEWO WKSXBRQDEDWLRQ Z
FRPELQHV D WKRXJKWIXO GHVLJQ DQBOKIGIKIU SW HFLKF
UHDGLQHVYV OHYHEBU7YLQFHREKNQ \Q R RXECIHDIGE RR
SXVKLQJ RI SURMHFRNW KRR P2DRIBE O&$ V& URMR MW F W K
&/867(56 ZKLFK FDQ EH VHHQ DV D )ROORZ BRIWR
FDWFK XS RQ WKH SK\WHFDQF$UR B NRKWL IRV B,QER VD L
+RZHYHU WKH 1HZ ORGXODU /RJLVWLFVQR WYF HI8GS V
GHVLJQ SKDVH DQG GLG QRW OHDW WRUNEBIRW R QNS$IX
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VKRZV WKH GHWDLOHG GHYHORSPHORURIDIWER QR @ \BHNQ H
6WLOO WKLV SXEOLFDWLRQ RRQARQY\D WRE ZBS RBIWBD
LQWURGXFLQJ WX KV KR OMKWILQRWWRUW QHWZRUN
e WKH 6/5 KDV VKRZQ WRDVEXERHFQWRREVFEEWOLQH ZV WK
SK\WLFDO FRQWDLQHUV KDYH LQFUHDVHG LQ UHFHQW \HI
e )XUWKHU WKH IR FXW\RF BO YEW R S HRIQW N HGHRIYWHK W
\HDUV 7KLV FDQ EH XQGHUOLQHG E DDFERRE L QAKG YK WK R
WKDW QHDUO\ DOO VROXWLRQV DQG IDBFHURDFREHM R WR E
FODVVLILHG DV O RPEnikgBridHDeZiMPKoLe3®W KAHH OO DV 75/

$OWKRXJK WKH 3, &RQWDLQHU LV RROHR KRK\W KIK VD LDQ | B Z O\OFLU
SXEOLFDWLRQV IRFXV RQ PDWFKLQJ GL RIRQMRI)L EN U/H YRIW R
GHVLJQLQJ EXLOGE&RD\DD GOMMY \RIOHL RAF H Q

5 Conclusion and Outlook

7KH VWUXFWXUHG RRWORQ V KORYG GUWIK D\W Q @VWE SIHU WD 3, &
VWLOO VHHPV WR EH VHHQ DV DQ REMHWW RROGKEH YV H MWD
SKLORVRSK\ RI 3, DVVXPHV WR D FOIRW B XY VW [F\ HQW WK DXVO Wk
DQG REMHFWLYHV RI WKH 3K\VLFDWK B\ KWU/QFDOD @V W B QE-HHNDW
WUDQVSRUW QHWZRUN +RZHYHU WHKHNYUHFRY OK\W\ FIDIOR QW
&RQWDLQHU (YHQWKKHH SDVIS \MBH Y EM® BWEGD W EKQMU GHFU
TXDOLW\ DQG LQWHQVLW\ 6LQFH 02'8/88& % BQWKRIRWHS HAZH B
GHYHORSHG GHVLJQHG EXLOW DQW®WRNENVPRE HWKH \§ X R QG\D
WKHQ RQ 7KLV PHDQV WKHUH LV D UHYV HDKRZAQJDG I KW M US B/S
7KLV JDS FRYHUV WKH QHHG IRU DHSX\VIXFFE G &KRQWH QRHQH \
ZHOO DV GHFUHRVGAY LW R HD BIGRUDMRYRDOXAFIHHYXFK 3, &
)XUWKHU WKH WUDQVSRUW QHW ZR UN ZKBKDXO@GDU HR/QRIY HDIQW
\HDUV H J WKH LQFUHDVLQJ QXP BE\H B DRSIDFRLOVEBV V D Q GPQ WHIEO
IRU WUDQVSRUWDWLRQ DQG GHOLIYBBFHSW D QFH HNRUO MQWIUR ¢
&RQWDLQHU WR VRKJAVHJ HWY RYN WTKDQMANVDW BH FYH HQ GRUG@HZ D S
DQG GHVLJQ VXJIJHWWILEQW WRVH\W & [RRL QQ MKZAR WNU ZB WS H
LQWURGXFWLRQ RIG30&RCWDR DHU HFFRPIRE IEFHIDH RW HFQRG G H V|
WHVW 3, &RQWDLQHUV IRU WKDW DSSOLFDWLRQ

)RU WKDW UHDVRQ WKHUH ZLOO EWHRAROSRRXSVKHVHQGER JX
SDSHU DQG WU\ WR ILQG VRPH QHZRDBXHFW RRQVRH ® D&R QW I KG
KHOS WR SXVK WKH 3K\VLFDO ,QWIHRWQYXF KGIKDV X3RHW Ui I WH_IDOF
FRXOG EH

e 7KH GHILQLWLRQ DQG GHVFULSWLR®, RIHWSHFW NL FZ8 WHK &
SRWHQWLDO WKDW WKH XVDJH Rl B] WRLHV HPR UHYXO®
KDQGOLQJ LQFOXDBYSH MO0 RKIVSEBE @ QWO LSKHVLFD

e OHWKRGLFDO GHVIQKURZ KD BK.ORQWHRRHOWYR1 WKH 8VH &I
GHILQHG EHIRUHRWQFLOPD®L QB SSIUHRPM QW DWLR Q

e 'HILQLWLRQ RI FRQGLWLRQV DQGGHIREDWEGL ], &R DVID HQH



6

3, &RQWDLQHUV $VVHWMVRHQ WORE )KOHORSPHOWHURGJID'®IVLIQ 5HC
3HUVSHFWLYH

Acknowledgements

3DUWV RI WKLV ZRUN UHFHLYHG IXQGYQ@U\EIRWK&OSRDWU
(QYLURQPHQW (QHQQRYIRELRQW\ QG 7HREKYRERUMVHDUFK

ORELOLWIW GHU F¥D@®I WX XBKW U 3K\V,&$/

7KH DXWKRUV Rl WKLV SDSHU UHFHRIY®IGD 8 DAJMLIKD B U MX
IURP KLV H[SHUWQWH \RQ GG IRYMWDIMWHGLWRULDO VXSSRU

SHIHUHQFHYV

% HQQHNUR X1 @ptimizing the managementmetontainers for Physical Internet) D VW H U
7TKHVLV SQLYHW U NW\YRH GBNERIXG 7OHPFHQ 8%%7

%XFNOH\ 6 O0R QWU HmMda@ of% Modular Containerization and Continuous
Consolidation on Hyperconnected Pardaigistics Hub Design and Performance’*3K\VLFD O
, QWHUQHW &RQIHUHQFH ,3,&

&KDUJIXL 7 %HNUDU $ 5H J K L R XA M@athen7dtidal@ovUMATDX §nt Tabu
Search Approach for the Road-Rail Assignment Probleff3K\VLFDO ,QWHUQHW &RQ

&KDNURXQ $ S$EEDU + 7D Q Wpereohn¢ced Uiy Ndgidlics and Last Mile
Delivery in Casablanca City." 3K\VLFDO ,QWHUQHW &RQIHUHQFH ,3,&

&/867(56 Specification sheet of designated NMLU(/,9 (5% %/ (
JUDXQKRIHU ,0/

'L )HEEUDUR % *LJOLR ' Towdpds e Physical Inteeh with Coloured Petri
Nets. V'S K\VLFDO ,QWHUQHW &RQIHUHQFH ,3,&

YDXJHUH / 0R QW WHyipéic@ngcted Pickup & Delivery Locker Networké 3 K\VLFD O
,QWHUQHW &RQIHUHQFH ,3,&

*DUFtD $UFD - &RPHVDXxD %YHQDYLGHWGR % 7 *R®RJIDDGIH 3RDGF
. Rethinking the Box forSustainable Logistics.,Q 6XVWDLQDELOLW\

KWWSV GRL RUJ VX

+DR * *XH . 5 A Two-Sided, High-Density Rail-Rail HUb’*3K\VLFDO ,QWH!

&RQIHUHQFH ,3,&

+D\HN 0 ODKULQJHU * 6HJQHU 5 /D Qiexlpmeant]didPi8ysic LKQ :
Internet container for an dpnized wood supply challf UDQVSRUW 5HVHDUFK $UHQL
SUHVV

.DSSOP-OOHU + *UDI + & + RHUW H Q@OXPDHID 6% SmartBbXGP D Q Q
an Austrian PI solution leading to small loads mobility 3 K\VLFDO ,QWHUQHW &RQIHL

.URPPHQDFNHU 1 &KDUSHOQW RAKullestive ttelligence Approach for the
Composite PI-Containers Management!*3K\VLFDO ,QWHUQHW &RQIHUHQFH ,3

IDQGVFKeW]HU & (KUHQW U D X@d¢ntginers- BG th® Physical Internet:
requirements and engineering design related to FMCG logistic® /RJVLWLFV 5HVHDUF
‘2, \% (  (

ODQNLQV - &Technology Readiness LevesGYDQFHG &RQFHSWV 2IILFH 2
$FFHVV DQG 7THFKQRORJ\ 1%$6%



ODKULQJHU HW DO

ODULQR ) 6HLWDQLGLV , 'DR 3 9D 0% RBRKL @R e6abligglPV WROGL 3
towards hyperconnected andénbperable smart containersV'3a K\VLFDO ,QWHUQHW &RQIHU

ORQWUHXLO d%owards a Physical InternetMeeting the Global Logistics
Sustainability Grand Challengg RJILVWLFV 5HVHDUFK

ORQWUHXLO % %DOORW (Modudy B&sE©O @ Physiddnternet Transport,
Handling and Packaging Containers WK ,0+5& 3URFHHGLQJV

3DFK & %HUJHU 7 $GDP ( % RQpsiion of agobten@aHikles approach
to solve routing in a rail-road-hub. Rendement et efficiencetdansport: un nouvel indicateur
de performance VK\VLFDO ,QWHUQHW &RQIHUHQFH ,3,&

3DKO % .% H L VEhgineering Design: A Systematic ApproaétS ULQJHU % HUOLQ

6DOOH\ < 3DQ 6 ORHQUN UMK XT O %D O tReNac(iveness of intelligent
Physical Internet containers.Q &RPSXWHUV LQ ,QGXVWU\ YROXPH

6WHUQEHUJ + 6 " H Tolvakdl @he(Physical InternetLogistics Service Modularity
and Design Implications,Q -RXUQDO RI %9 >WLQHVV2/RILVWLMEO

7UDQ 'DQJ + .URPPHQDFNHU 1 Enkatdng selEuiétioRality f Physical
Internet Containers by Wireless Sensor Network$3K\VLFDO ,QWHUQHW &RQIHUHQFH

7UDQ 'DQJ + 3D Spatial Modeling of Stacked Containers based on Wireless Sensor

Network: application to the physical Internet3 K' WKHV LV 8QLYHUVLW\ RI /RUUL
7UDQ 'DQJ + D Q G .LPhe Prgsical Internet in the &of Digital Transformation:
Perspectives and Open Issues((( $FFHVV YRO $R& (66

7TUHWROD * 9HUGLQR 9 CoftrhahJData Model fdhe Physical Internet. °©
3K\ WLFDO ,QWHUQHW &RQIHUHQFH ,3,&

:DOKD ) %HNUDU $ &KDDEDQH 6 ARaldoR®dDPI7hub GlD@©H] <
problem: model and heuristicV"3K\VLFDO ,QWHUQHW &RQIHUHQFH ,3,&

;LDR < :D WV R QG@iidance on Conducting a Systematic Literature Revigg« R XU QD O
RlI 30DQQLQJ (GXFDWLRQ DQG 5HVHIUWEFK t; KWWSV GF



