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Abstract: The Physical Internet (PI) concept representsradiggm shift in how logistics and supply chain mgemaent
can be conceptualised and implemented. Throughtiautas literature review, this study maps therent state of Pl
research, spotlighting the necessity for a deejperidto unexplored areas. The analysis reveatsfaignt opportunities
for enhancing logistic efficiency and sustainapjljtroviding a foundation for future research aratcpcal applications.
This work invites scholars and industry practiticne explore the transformative potential of Pil.the face of the
dynamically evolving discussion on the Physicaétngt, this article offers an in-depth analysishef literature on this
concept, shedding light on current research tréamdsis new face of logistics, challenges, and phened areas. The
focus is on optimization models, collaboration, agdtem architecture, identifying knowledge gapareas of human
impact on the management of the future logisticsesy and flows, legal aspects, financial managensmanomic
feasibility, social and environmental effects, iieads for cooperation, security, and cultural défees. The literature
review emphasizes the importance of Pl for sustééndevelopment and the goals of Industry 4.0, tpairto its potential
role in transforming global logistic processes. &amining challenges, proposing solutions, and ligigting the
potential of PI principles in improving logistic gmesses, this work constitutes a valuable resdiarceesearchers,
practitioners, and policymakers aiming to undetand implement the concept of the Physical Interne

1 Introduction holistic approach in managing all element of lagsst not
The term Physical Internet (PI) refers to a condegt  Only goods and information flows and management, bu
aims to apply principles of information flow andalso financial flow optimization. .
coordination from the digital world to the physical ~From the analysis of the presentations on thetlaths
movement of goodsl It involves interconnected |mg§5 PhySical Internet conference in Athens, it becoavedent
networks, collaborative shipping, and the use ofwsm that the mindset remains a barrier to the advannenf_fe
technologies to improve efficiency in freightthe Physical Internet. However, research ofteneuegkhis
transportation. The concept of the Physical Internéopic, partly due to the intangible nature of mitdsvhich
remains relatively unknown to many, yet the need fdnakes it challenging to measure. Unfortunately, if
resource conservation and addressing the impdutroén  something cannot be measured, it cannot be improved
activities on climate change necessitates solutithas Nonetheless, openness to sharing is a key factdhen
maximize the utilization of existing resources, pote development of the Physical Internet since shagnd
resource Sharing, and minimize the need for neq\pllaboration are the foundational principles ofisth
infrastructure and fleet development that furthepleit —concept, while logistics serves as the invisiblekieop of
resources. In logistics, the Physical Internet eeras a our daily lives. If societies are not prepared degrowth
viable approach to achieve these objectives. concepts, which would enable resource conservaitiwh
Since the inception of this Concept, numerous rekea sustainable Utilization, the answer lies within EH'Q/Sical
efforts have emerged, and as this field develops aiternet.
collaboration among stakeholders in the transpod a
logistics industry strengthens, new unexploredipdges 2 Methodology
arise. Therefore, the aim of this article is toeastigate the The literature review methodology followed a
trends in the literature and identify research gdjese systematic approach to identify relevant articleste
gaps are crucial because entities already operaiithgn  topic of the "physical internet." The search wasdieted
networks that can be classified as the Physicaret in the Scopus database using a specific searcly.dlies
encounter practical challenges that have not besearch string employed was: TITLE-ABS-KEY ("physica
thoroughly explored by theorists. Defining andnternet") AND (LIMIT-TO (OA, "all')) AND (LIMIT-TO
understanding these challenges can facilitate tHEXACTKEYWORD, "Physical Internet")). This query
identification of potential solutions. aimed to retrieve articles that had the exact kegwaatch
Physical Internet emphasizes logistics and suppfgr "physical internet" and were also available cgen
chain optimization, therefore the Author identifiedticles access publications.
that contribute to understanding the flow of infation Upon retrieving the articles, a comprehensive
and goods within the PI. The Physical Internet rsffa evaluation was undertaken. All selected articledenwent
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a thorough reading to assess their relevance aaldygu
total of 74 articles were deemed suitable for frth
analysis.

To gain insights into the thematic structure arsgagch
trends within the selected articles, a clustergxhhique
was employed. The articles were categorized iremttic
clusters based on their content, allowing for gesystic
exploration of the topics and identification ofeasch gaps
within the field of the physical internet.

In addition to thematic analysis, an investigatmhn
author affiliations was conducted
understanding of the geographical
contributors in this research domain. A map waategkto
visually represent the countries from which thehatg'
affiliations originated, shedding light on the ghbb
engagement in physical internet research.

To further delve into the interconnections betwee

topics and keywords within the selected articlds t
VosViewer tool was utilized. By employing network
analysis techniques, the relationships and assmusat
between different themes and keywords were explor

allowing for a comprehensive understanding of thg;

conceptual landscape and knowledge interdependgincie
the field of the physical internet.

Furthermore, to identify the key concepts an
emphasize the recurring themes across the seketields,
a word cloud

20

15

10

Documents

visualization technique showcased the frequency and
prominence of different keywords extracted from the
articles, providing a concise summary of the macug
areas in the literature.

By employing this rigorous  methodology
encompassing search query construction, artickxteh,
thematic analysis, author affiliation mapping, nertiv
analysis, and word cloud visualization, a comprehen
and scholarly examination of the literature onghgsical
internet was conducted, enabling a systematic

to provide amunderstanding of the existing knowledge landscape,
distribution ofesearch trends, and research gaps in this domain.

3 Analysisand results
Since the inception of the Physical Internet coficep

several papers have been published, with limitednass.
owever, during the pandemic period, a significsurige
in research activity within this field has been etved.
This phenomenon can be attributed to the heightened
wareness that reliance on long and complex subglins
ay not be sustainable, particularly in the face of
sruptions. Additionally, the recognition of the
etrimental consequences of independence and lack o
ollaboration has further underscored the need for
eevaluation. Figure 1 shows the number of paperstbe
ears.

d

representation was generated. This

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Figure 1 Documents by year
Source: Scopus database

Physical Internet is not limited to a few specificinternet, indicating a strong presence and cortigbu

countries but involves a diverse international camity,
reflecting global interest and collaborative eforin

advancing the understanding and application of thsgnificant

Physical Internet concept (Figure 2).

Based on the number of authors and their affilgatin
countries in the field of Physical
conclusions it can be noticed that France has igjeeht
number of authors with affiliations in the field Bhysical

from the French academic and research communitg. Th
United States follows closely behind France, sudjugs
engagement and research output from
American scholars in the area of Physical Interiiée
United Kingdom, China, and Canada also demons&ate

Internet, seVeranotable presence, with a considerable number dfoasit

contributing to the literature on the Physical ints.

Germany, Belgium, Hungary, Morocco, and the
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Netherlands exhibit moderate involvement, indigatinPoland, Portugal, South Korea, and Vietnam, comtgib
active participation in research related to the dttaf with a smaller number of authors but still have a
Internet. Other countries, including Austria, Hdkgng, noteworthy presence in the field.

lugiwane przez ustuge Bing
\Tom, Wikipedia, Zenrin

Figure 2 Countries of authors' affiliating institahs
Source: Own elaboration
France having a high level of awareness and irttéreise
As for possible reasons possible reasons for Frantpic of Physical Internet among its scientists and

having a high number of authors in the field of §ibgl researchers. Research institutions and universitiehe
Internet it can be indicated that France possessebust country may actively promote and support studidested
academic and research system, including renownguthis area.
scientific institutions and universities, includifiysical This interdisciplinary approach is crucial for
Internet Chair in MINES ParisTech, PSL Researcteveloping comprehensive solutions and understgritln
University. Another possible reason are numerossaxeh  broader implications of implementing the Physica¢inet
projects, contributing to the increase in the numble concept. Figure 3 shows the subjects areas of zethly
authors in the field of Physical Internet. All thisakes papers.

Other (2.7%)

Physics and Ast... (1.1%) —
Mathematics (3.29%) ~ . \
I‘l Computer Scienc... (18.1%)
.'f
)

Materials Scien... (3.7%)
Social Sciences... (13.3%) ~

-~ Engineering (27.7%)

Energy (4.3%)
Environmental S... (5.3%)

Decision Scienc... (9.6%)

Business, Manag... (11.2%)

Figure 3 Documents by subject area
Source: Scopus database
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Based on the distribution of documents by subjezd a These keywords indicate a focus on optimizing port
in the field of Physical Internet, several conabis can be operations, analyzing port-related factors, andrawvipg
drawn. efficiency in maritime logistics. Ports and othemtinals,

Engineering has the highest representation amang therve as critical nodes in the PI, facilitating frav of
subject areas, accounting for 27.7% of the docusndtiis goods, information, and financial resources and PI
suggests that a significant portion of researchérfield of promises enhancing port efficiency and integratiSome
Physical Internet focuses on engineering aspeaty as keywords mention blockchain technology, smart caris,
infrastructure design, transportation systems,lagidtics and supply chain management. This suggests aeshier
optimization. Computer sciences follow closely Imehi exploring the potential applications of blockchéir
comprising 18.1% of the documents. This highligthis  improving transparency, traceability, and security
importance of computational methods, data analgsid, supply chain operations. We can also observe thyitad
information systems in advancing the understanding twin” phrase, which refers to a digital representator
implementation of the Physical Internet conceptci®o simulation of a physical object, system, or procd$ss
sciences have a significant presence, represelfiid§o of concept involves creating a virtual model that orsrreal-
the documents. This indicates the recognition df thworld entities, enabling simulation, analysis, aedtrol.
societal impact and implications of the Physicaéinet, The keywords mention digital twins in the context o
including its influence on supply chain managemensupply chain management, logistics systems, arkdinea
collaboration, and sustainable development. Busiaesl evaluation. There are also keywords related to
management contribute to 11.2% of the documentsystainability, sustainable development, carbornpfod,
showcasing the recognition of the economic andnd energy efficiency. These keywords indicatecagmn
managerial aspects of implementing the Physicalrhet incorporating environmental considerations and cedy
in organizations and supply chains. Decision s@erand the impact of logistics and transportation act@stiFinally,
environmental sciences have moderate representaitbn the keywords mention various decision-making
9.6% and 5.3% of the documents, respectively. Thapproaches, such as multi-criteria decision arglysi
highlights the focus on decision-making framewoaksl Markov decision processes, and heuristic algorithms
the consideration of environmental sustainabilitythe These techniques are often used to support de€ision
context of the Physical Internet. Energy, materialsiaking processes and optimize complex systems.
sciences, mathematics, and physics have relatigelgr
representation, ranging from 4.3% to 1.1%. ThisBrfgs s
ingicate the muItid?scigplinary nature of researah tge development's ‘optlmlzatlon

Physical Internet, with contributions from engiriagr anal_y5|ssySt | | ISnetWOI’k

computer sciences, social sciences, and variousr otl 4 s TS

[ , i [ , i 3 NE I"tegerheurls -dustnbunon
fields. r‘an p r‘tat

When analyzing the keywords of the reviewed pape . GONLrOLR” ™ Rtransport= f0fecastmg Séf@l”‘%
(Figure 4) we can observe the most frequently roaeat Ioading : e
issues. The keywords mention various mechanisnisasic

auction-based mechanisms, hybrid modeling, andtpeer
peer mechanisms. These mechanisms are likely deate

('ﬂ el

designll..>-.. Iearmng

business
: intelligence mtermodai

economic models, logistics systems, and decisiokinga Sﬁgf\;‘gge -~ infotiiat ney - B de%llg!gn
processes. Also, keywords often mention multi-aibjec =Y ) 5 B2 £ {722 S 000>
optimization, sensitivity analysis, and Pareto @ple. = = i
These concepts are often used in the context diffirthe SyStem ITE SUSta'”ab‘“ty"m “fo'y ngd
best solutions or trade-offs in complex systemshsas .. e -
freight transportation, supply chain managementi ar Chalné Y ppl A

isti i ) namic
logistics networks. Urban planning and transpastagire simulatiSa =I5 Yy

keywords that indicate research on urban plannirggn
transportation, and logistics in urban areas. Shiggests a Figure 4 Keywords used in analyzed papers
focus on understanding and optimizing the movenoént Source: Own work using Wordclouds.com
goods and services within cities, taking into actdactors
such as sustainability, efficiency, and decisiorkimg
processes. There are also keywords related toimaerit
ports, port selection, and port performance evelnat

Figure 5 and Figure 6 show how authors most
commonly combine selected topics.
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Figure 6. Clusters of phrases most often conndatéfte reviewed literature

Figure 7 - Figure 10  depict individual clusters
of concepts and their associated connotations @ th
examined articles.
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Figure 10 Clusters of phrases connected with thragsh'logistics system’ in the reviewed literature

Table 1 (in general) and Table 2 (in detail) dé=cthe
trends, thematic groups, and specific topics adedy
the authors of the analyzed texts.

Table 1 Areas discussed in the reviewed papers

The most frequently discussed aspects of the Physical Examples

Internet

Efficiency and sustainability: The Physical Intdriseseen as a |+ Global logistics sustainability and efficiency

solution to improve the economic, environmentat] social « Conceptual framework and network models for Pl

efficiency of global logistics systems. « Application and verification of PI principles in@womic
practice

Logistics transformation: The Physical Internetsibm redefine |+ Open logistics interconnection reference modePlor
supply chain configurations, business models, ahaevcreation
patterns by introducing an open global logisticstam
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Industry 4.0: The Physical Internet is considergdzatical « Logistics Web and Industry 4.0

solution to support the requirements of Indust6y hich « Digital transformation and its implications for P!

involves addressing the challenges of incorporating « Blockchain and smart contracts in hyperconnectgistics
technologies, information systems, and physicalifias. « Lean thinking and value stream mapping for thesitam to P
Interoperability and modularity: The concept of feysical » Design and characteristics of Pl containers

Internet emphasizes the need for interoperabiétyvben
different logistics systems and the modular designgistics
services

Smart product-service systems: The integratiom@frsproduct{s Smart product-service systems in interoperablestimgi
service systems within the Physical Internet idangol as a wayje Order bundling and transparent user networks

to tackle complex logistics systems and improvieiefficy.
Collaboration and networking: The Physical Inteem¢isions |« Motives and success factors for collaboration inéworks
collaborative networks and information exchange ragrogistics
stakeholders as a means to achieve sustainabdidgpractices

0

Table 2 The examined articles are sorted by thengatups
Subject area Literaturesummary
Physical Internet Concept andPhysical Internet aims to enable an efficient amstanable Logistics Web - Logistics Response
Framework to the Industry 4.0 [1].
these summaries demonstrat&éhe evolving manufacturing industry necessitates development of suitable information
the focus on developing gnsystems, physical infrastructure, and technologiesneet future economic needs, with the
efficient and  sustainable Physical Internet being a proposed solution thaires further in-depth research [2].
logistics web, incorporating The NOLI model is compared and contrasted witlQB&and TCP/IP models of the Internet, gnd
modular  units, real-time it is also integrated with Montreuil's OLI moder fine Physical Internet. Contrasts between|the
planning, information| NOLI model presented here and the aforementionetetagrimarily manifest in the way physical
exchange, communicationobject definitions are structured across varioysrs, extending beyond the lowest layer [3].
infrastructure, and 10T} The idea of implementing Physical Internet prinegpin logistics operations underscores [the
enabled services. The Physig¢asignificance of modular transport components, dyioarplanning, data sharing, and
Internet aims to address thecommunication infrastructure. It also encouragésréuexploration into comprehensive solutians
challenges of the evolvingfor all facets of the Physical Internet [4].
manufacturing industry angd Exploring the connections and collaborative dynarbietween these elements leads to the corjcept
urban logistics while requiring of Hyperconnected City Logistics systems, encomnipgssine core principles that provide|a

further research androbust framework for creating effective and ecesfdly urban logistics and transportatipn
innovation for its successful systems. The chapter closes with a set of reseatimnovation hurdles to address [5].
implementation Information framework and service-oriented archiiee for the Internet of Things (loT) applied

in logistics operations, highlighting the potentiginefits of loT-enabled logistics services in the
Physical Internet [€
Logistics and Supply Chaip A model for optimizing carrier revenue within thentext of the Physical Internet is created|by
Optimization (include| integrating Dynamic Programming and Integer Prognamg techniques. In this model, carriers
optimization models  for submit bids for incoming Less-Than-Truckload (LTk§quests of varying volumes and
carrier revenue, inventory destinations, with the aim of maximizing their pi®{7].
management, container flows,Inventory management in the Physical Internet, @lirgierconnected hubs enable multiple source
lean paradigms, introducingselection options and transshipments, leading $b re@uction and improved customer service
additional service pointg, levels compared to current centralized inventomti@d policies [8].
collaboration within Physical The correlation between Lean principles and thesighy Internet is examined, with a particular
Internet  networks, supply focus on the role of value stream mapping as attofalcilitate the attainment of goals outlined|in
chain modeling, data Alliance for Logistics Innovation through Collabtom roadmap for logistics innovation.
clustering, vehicle technology Additionally, it aids in aligning the Physical Imtet principles with the predefined timelines [9].
innovations, last mile The study investigates the consequences of integraktra service points into pre-established
delivery, cross-docking, dedicated freight routes in a service-oriented aomgpas part of the broader Physical Internet
synchromodality, dynamig vision. This vision seeks to reshape conventiamgibtics networks into transparent open systéms
pricing for carriers, and the that can be accessed by a diverse range of ugdrs [1
integration of the Physical The study delves into the motivations behind anddevers for collaboration within a Physical
Internet with Industry 4.0 Internet (PI) network. It employs an interpretivase-based research methodology involving
practices. shippers and logistics service providers. This aege offers valuable insights into why
organizations become part of a PI network and $kergtial prerequisites for ongoing cooperation.
Notably, this represents a pioneering study in #ifimdustry setting [11].
Existing supply chain models review and proposardfanced approach for modeling the digjtal
supply chain [12].
The introduction of a refined metaheuristic aldon{ named ISCA, focuses on data clustering to
augment F-SCN decisions. This algorithm is designed to offerisiormaking support fo
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business owners. Its robustness is verified thraxgghparisons with five other metaheuristi
using established benchmark datasets [13].

In a PI-SCN within case study in Morocco, utilizagybrid method that combines artificial neu
networks with an enhanced slime mould algorithmametrristic has been examined for
effectiveness in reducing costs and shorteningtieses. [14].

Hubs and online design in dynamic hubs at thedaldii 5].

The potential of a collaborative and interconnedtagistics system, inspired by the Physi
Internet concept, to improve last mile delivery amtiicle dispatching, with a focus on reduc
empty vehicle movements and carbon dioxide emissfona more sustainable green frei
transport [16].

Flexible model to consider the different needshef¢ompanies [17].

Synchromodality, a flexible and dynamic approaclraosportation, utilizes multiple modes
transport to promote environmentally friendly opsolike rail and inland waterways, whi
maintaining responsiveness and service qualityh w&itproposed decision rule that integra
parallel usage and real-time switching of transpwootles to induce a modal shift towards |
carbon options [18].

The rise of e-commerce and the Physical Interasttfansformed the role of showcasing in
supply chain, allowing for fast and reliable defivef goods from connected sources, leadin
the need for a decision support system to optirsimevcasing value, as demonstrated throu
model focusing on recreational vehicle dealersHipg

An evolving pricing challenge for less-than-trucdiocarriers arises across multiple auction cy
in the context of the Physical Internet. This ofradle takes into account the forecasting of p
demand. The Physical Internet is characterizedheyimterconnection of logistics networ
through accessible Pl-hubs, featuring a multituidkeamsportation requests. Carriers engage
series of auction rounds to bid for these requgsls

Exploring the interaction between resilience andtanability within Physical Internet (PI
enabled supply chains, this study suggests a hgteid approach. This approach melds a met
for scoring performance based on resilience andaisability with mixed-possibilistig
programming. It aims to optimize cost, sustainghiliand resilience levels. The resu

when coping with disruptions, as compared tditional supply chains [2]

Technology and Digital
Transformation in the
Physical Internet (these pape
shed light on the role o
emerging technologies arn

digital transformations in
optimizing logistics
operations, improving
visibility, enhancing

collaboration, and achievin
efficiency and sustainability
within the Physical Interne
framework.). Technology
such as blockchain, 10]
devices and smart contrag
are crucial to ensur
transparency, security, ar
efficiency within the PI
logistics networks, to manag
information and financial
flows.

The integration of blockchain, 10T devices, and groantracts provides heightened transpare|
and safeguards against fraud in the olive oil supgglain, granting a distinct competiti
redvantage. The widespread adoption of blockchaihni@ogy in all food supply chains wit
f quality verification enhances visibility and deligea competitive edge to industry participa
d22].
The potential for reconfiguring platoons within thhysical Internet system through t
establishment of a virtual transfer point [23].
Embracing Digital Transformation (DT) within thergext of the Physical Internet (PI) foste
increased connectivity and compatibility througktermodal hubs, collaborative protocols, a
g standardized containers. This presents both clggieand opportunities for future research in
pursuit of an efficient and sustainable global $tigs system [24].
t The potential of smart Product-Service Systems JRS®rvice-oriented, intelligent interoperal;
logistics, highlighting their promising potential the Physical Internet (Pl) and suggesting
I need for further research to advance the fielduster in a new era of intelligent interopera
tdogistics [25].
e Demonstrating a concrete implementation, this eeglthow blockchain and smart contracts h
dpromise for integration into hyperconnected logs{P6].
Proposing a conceptual framework for examininghgsical Internet (PI) with inspiration draw
efrom the well-established Digital Internet (DI). iSHframework emphasizes the necessity|
tackling both the reachability problem and optinima issues within the Pl network. It includ
the incorporation of logistics-related metrics swshcost, emissions, and delivery time [2
Deep reinforcement learning is emerging as a piomigsvenue for addressing sequen
decision-making challenges, particularly when tpinoal policy structure is not well-understog
When applied within supply chain control towershits the potential to streamline and ena
collaborative shipping in the context of the Phgklaternet [28].
A decentralized system, known as the Cyber-Physitgrnet of Things System (CPIloTS
supported by blockchain technology. This systedesgned to reduce latency, guarantee se
consensus, and ensure dependable resource comnmdingthin edge-cloud computing. The
objectives are accomplished through the implemiemtadf an efficient resource allocatia
algorithm that leverages policy-based Deep Reiefoent Learning (DRL) techniques [24
The FreightShare Lab Platform is dedicated to fosjehorizontal collaboration in freigh

demonstrate the superior sustainability and resiéeperformance of Pl-enabled supply chai
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logistics. It achieves this by implementing colleditve operational plans and decision sup
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algorithms. This approach empowers logistics serproviders and freight operators to maint
their profit margins while also sharing the bersefift improved efficiency, as showcased in a g
study involving a UK freight operator [30].

An agent-based simulation is utilized to replidateractions between mobile resource units

the physical infrastructure within a rail-road sport network. This simulation illustrates t
advantages of the Physical Internet, particulanlyliminishing the occurrence of empty tru
journeys. Additionally, it highlights the role oha Physical Internet in facilitating digit
transformation within urban rail transit systemshoth distribution and passenger transport [3
Analyzing the incorporation of Industry 4.0 prae8aeveals that, although previous suggest
have led to only minor adjustments, there is aremsing focus on Industry 4.0 principles, witf
notable emphasis on physical internet hubs [32].
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Port Operations and Physic|
Internet (these papel
emphasize the significance

ports in the Physical Interné
and provide insights into th
areas where ports cg
contribute, the
architecture required, the ro
of autonomous decision
makers, and the evolution

Port Community Systems t
enhance supply chai
performance and efficienc
within the Physical Interne
framework.):

alThe scheduling and routing problem in a Rail-Rok#i#b terminal, aiming to minimize energ
sconsumption and cost through the use of Pl-contsirend presents optimal solutions usin
0fMulti-Objective Mixed-Integer Programming model amdta-heuristics [33].

st Strategic approaches for ports to support the Bahsiternet's growth and deployment encomp
eenhancing transport infrastructure, promoting sadidation, developing advanced termi
nareas, upgrading ICT hardware, improving infornratgstems and platforms, and focusing

information sustainability management. [34].

eThe proposed information architecture in the Plalsinternet (PI) ports integrates real-tin
- decision-making and dynamic cargo bundling, fa#ti by an open interface platform and

pfuse of PI containers, which requires reevaluatiistiag information systems and understand
ofuture requirements for satisfying their needs [35]

nThe functioning of maritime ports in the contextlo¢ Pl is still underexplored [36].

y Two autonomous decision-makers, intelligent comti@nand ships, for evaluating pqg

their importance based on expert surveys [37].

The evolution guidelines of Port Community SystéR&S) and the business factors that impr
supply chain performance. It highlights the transifrom isolated supply chains to open sup
chains and the improvement of supply chain efficyei38].

t performance and selection in the Physical IntefidBt It identifies future evaluation criteria and
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Urban Logistics and City
Systems (these papers provi
insights into the potentid
applications and benefits ¢
the Physical Internet in
logistics and urban areal
They explore collaborativg
planning, facility location,
shared networks, an
optimization models
highlighting the need fo
efficient and  sustainabl
transportation systems withi
the context of the Physicg

Internet.).
City logistics does not only
mean urban freigh

distribution, it is important tg
highlight the significance o
managing human flows an
information flows in urban
logistics systems, supporte
by the PI concept, to promo
sustainable and efficient cit]
systems.

The potential for collaborative planning within arban logistics system supporting the Phys
dénternet, functioning as a central hub for freighinsportation with multiple e-commer
| warehouses [39].
fThe Internet of Perishable Logistics (IoPL) introds a layered architecture model based or]
n cyber Internet for distributing perishable goodsexplores the synergies between loPL and
s.cyber Internet, shedding light on research oppdiagnemerging from these synergies [40].
> In the innovative domain of the Physical Interitleg development of efficient Pl-cross-docki
hubs that enable rapid, efficient, and adaptahi¢adoer transfers is a fundamental aspect [41
dAn optimization model is devised for the collaboratcoordination of deliveries within a mult]
tier hyperconnected urban logistics system. Thislehspecifically concentrates on tactig
r planning within the initial tier, where a consontiwf carriers and logistic operators pool resou
e and information flows to provide more efficient asuktainable delivery services [42].
nThe potential of shared networks within urban ateasitigate congestion and transportation cq
alis explored. This is achieved by analyzing and rindea system where high-capacity freig
vehicles operate between Key Freight Areas, addgegke inefficiencies of general freig
transport within large metropolitan regions [43].
I The perspectives of transport service providerAustria concerning horizontal collaboratio
and the Physical Internet are examined, emphasiffieg significance of awareness 4
f information sharing during the implementation psscpi4].
dBridging the gap by introducing a framework thaegrates multi-layer decision-making and 1
Physical Internet methodology, with a focus onfthectional aspects of operational challenge
dCity Logistics systems and optimization. The ainoi®nhance integration, cooperation, and
eutilization of logistic infrastructure [45].
y Facility location within a Physical Internet enviroent is considered [46].
Dynamic Multiple Depots Vehicle Routing exploreadéle solutions for routing transportati
between PI-hubs and retailers within the sameeali47].
The potential of mobile access hub deploymentsufban parcel logistics is investigated.
identifies the impact of design parameters on ecdn@nd environmental performance, wi
results highlighting design flexibility and pronaed advantages in highly variable environme
[48].
UCC as a realization of the Physical Internet cpheéthin cities are discussed [4
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understanding
advancement

optimization, and analysi

within the Physical Interne

framework. They explorg
approaches for improvin
supply chain efficiency
addressing informatiof

communication

and forecasting
flows.):

and An innovative approach to cost reduction and leae tenhancement within a physical inter

;

of modeling

issues
optimizing vehicle exchange
containg

,supply chain network is explored. This approach leggpa hybrid framework that combing
s artificial neural networks with an improved slimeolah algorithm. The study underscores f{
t effectiveness of this approach in comparison temthetaheuristics, particularly for training fee
» forward neural networks [51].
§ The PI-BIMS (Physical Internet-based Business mftiton Management System) facilitates re
time data collection, communication, and visual@atacross various stages of producti
N transportation, and on-site assembly [52].
,A virtual hub facilitates the swapping of vehiclamong platoons. The study introduceg
2, reinforcement learning-based model aimed at enhgrefficiency in situations with high volume
2rof incoming vehicles and short dispatch intervlliswever, it notes that heuristic models tend
outperform in environments characterized by fevediicles [53].
A framework for forecasting inbound container voksrencompasses three distinct phases:
preprocessing, training through convolutional nenesworks and recurrent neural networks,
evaluation based on accuracy metrics such as nbosatuge error [54].
The Physical Internet-enabled hyperconnected drddelivery system incorporates loT-enab
machines for communication. Additionally, a mulbjective genetic algorithm is utilized 1
optimize sustainable production-distribution scHiedu within the Physical Internet-enable
hyperconnected manufacturing system [55].

Collaboration and
Collaboration Models (thes
papers contribute to variod

aspects of freight transport amdogistics and innovation in vehicle technology, dfieally focusing on multiple platoo

the implementation of th
Physical Internet, includin
organizational  approache
applications of technology an
optimization methods, UC(
development, and potenti
benefits in different contexts.

Gamification methodology to investigate the ceitedlon and decentralization of the market
efreight transport game was developed for simulgtii.
sThe application of heuristic and reinforcement @@y (RL) models to enable collaborati

e collaboration, and evaluates their efficiency based transportation cost, highlighting t
y advantages of RL for high vehicle numbers and léspatch interval, and heuristics for Ig
s,vehicle numbers [57].

C considering the challenges they face in managimplguchain and logistics networks, a
alproposes options for assessment and research roktgpdiesign [58].

The study explores how imbalances within the laggsbetwork can lead to either a shortage
excess of supplies at various network points.végtigates solutions to address these challer
[60].
A multi-agent reinforcement learning algorithm isliped to simulate the strategic biddin
behavior of carriers and shippers in the freigimi$portation market. This research incorporat
game-theoretical approach and numerical analysisysing on extracting insights into the
behaviors [61

and
Impact (he

Sustainability
Environmental
papers  discuss differe
aspects of supply chai
management, logistic
operations, sustainability, an
the application of technolog
in  transportation.  They
highlight the potential benefit
and challenges associated w|
adopting new approache
such as the Physical Interng
artificial intelligence, and dat
analytics, in the logistics an
transportation industry).

The application of Physical Internet (PI) principleithin humanitarian organizations is examirj
® as a means to amplify their operational efficieany effectiveness in supply chain and logis
ntendeavors. This entails considering the integratibiPl principles in transportation, stora
nallocation, and inventory management, despite 8sa@ated expenses and the necessity
s comprehensive logistical and legal reconfiguraf&fj.
dTheoretical perspectives related to sustainablesinil systems within the transportation seq
y are explored, with specific attention directed tmdgathe On-board Unit in Electronic Tq
systems. This exploration delves into the utilaatof artificial intelligence and Industry 4.
s employing kernel density analysis. It underscohessignificance of regulatory frameworks a|
tiprotective measures for technological advancemerzsificial intelligence and robotics [63].
s Anonymized microdata obtained from the EuropeandRe@ight Transport Survey is harness
otfo identify recurring patterns in logistics opeoat across EU and EFTA countries. This anal
a underscores the value of data analytics in enhgritie efficiency of logistics operations al
daddressing sustainability imperatives [64].

Innovative methods for tracking parcels within tieéwork are introduced [65].

Smart containers (he pape
cover topics such as th
learning capabilities of sma
containers, informatior
sharing challenges, logistig
system architectures, modul
box development, design

Pl-containers,  optimizatio
models for Pl-hubs, an

rén a self-organizing logistics environment, smamtainers collectively acquire bidding polici

ethrough information sharing, despite their limitif@span, utilizing a reinforcement learnir]

talgorithm. Nevertheless, carriers may exhibit disittives to share information, emphasizing
necessity for further exploration into the integpleetween smart containers and transport sery

s[66].

arAn investigation into how recent global standardsl aechnologies are applied in a mu

fcompanies open network, particularly concerningtla@agement of reusable pallets [67].

n The methodical development process leading to teation of modular box prototype

dincorporates a holistic approach that encompadkéseaequirements of the shipping netwg

:The performance characteristics for each Pl-hub famdthe whole PI-hub network [59].
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and container grouping in tHeEmphasis is placed on the design of such containétts particular attention to their associatled
Physical Internet context) activeness. After outlining the physical and infational prerequisites linked to Pl-containers, the
concept of activeness is delineated, and the pyimesearch challenges in this domain pre
presented [69].
A multi-objective mathematical model is introdudedptimize operations within Road-Road PI-
hubs, with a focus on minimizing truck delays aeducing energy consumption during the
transfer of Pl-containers. This model serves asiadation for prospective research in the context
of the Physical Internet concept [70].
Strategies are developed to optimize truck loadipdeveraging the use of active containers,
focusing on the scheduling of both incoming andgointg trucks, as well as organizing RI-
containers in train wagons and outgoing trucksféicient transport [71].
An exploration into how the design and charactesstf Pl-containers will influence the flow of
containers within a domestic network context |
Passenger transport The proposal suggests deploying the concept d?lilysical Internet for passenger air transport to
The Physical Internet increase resource efficiency and reduce emissinith, potential benefits for airlines, an
primarily focuses on calculates that implementation in the EU could oedemissions by 9.3 Mt (13.5%) compared to
optimizing the flow of goodg 2019 levels [73].
and information in supply
chains by applying principle
such as standardizatio
modularization, and
collaboration.  While  the
concept of the Physical
Internet may inspire ideas for
optimizing passenger
transport, such as shared
mobility or interconnecteq
transportation systems, it (s
a)
I

o

=Y

important to note that th
application of the Physica
Internet concept to passenger
transport  would  require
significant adaptation and
research. The requiremerts
and dynamics of passenger

transportation, including
safety, comfort, and individual
preferences, diffe

significantly from those of
goods transportatic

Source: Own elaboration based on the reviewed gaper

4 Discussion service providers, are important areas of rese&tldies
Based on the analysis, we can identify the follgwininvestigate the potential benefits of collaborafpenning,
popular topics and trends in Physical Internetarse information sharing, and decision-making to enhathee

Many studies focus on developing mathematicafficiency and sustainability of supply chains wittthe
optimization models and strategies to enhance tfysical Internet context. _ _
efficiency and effectiveness of operations withieet ~ Researchers recognize the need for innovative rayste
Physical Internet. These models often aim to mimémi architectures that can support the requirementewfand
energy Consumption, costs, de|ays’ and improvmreeo shared |OgiStiCS models. Efforts are being ma(iieida:grate
allocation. technologies, such as global standards, to enable

Given the complexity and open nature of the Physicéteroperability and traceability in the managemeht
Internet, researchers are exploring the applicatibn resources like reusable pallets. . o
information systems, data analytics, and technektike There is significant research interest in designing
artificial intelligence and Industry 4.0 to fadilte real-time Modular, reusable, and smart containers (PI-coersjin
data collection, communication, visualization, andhat encapsulate goods within the Physical Internet
decision-making. These efforts aim to improve th&esearchers are exploring the physical and infoomait
monitoring, management’ and coordination of paraam reqUIrementS associated with these containers and
resources within the network. investigating their activeness. The role of smarttainers

Collaborative logistics and coordination amongeasi in enhancing the technical elements of logistics by
stakeholders, including carriers, shippers, andstog
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facilitating efficient flow management of materittisough cultures that emphasize collectivism. Understanding
advanced tracking and optimized loading strategies.  cultural preferences and norms regarding collamraan
There are still areas the seem to be neglectelein thelp in designing appropriate incentives and siateto
research on PIl. While there is some research atingd promote cooperation within the Physical Internet
policies and decision-making by carriers and shigpe framework. Cultural variations in communication lety
more studies could focus on understanding the behavdecision-making processes, and power dynamics can
and motivations of various actors within the Phgkic impact information sharing and decision-making with
Internet system. Investigating incentives, disitises, the Physical Internet. Different cultures may heistinct
and behavioral insights can provide valuable insigor preferences for hierarchical or consensus-basedioec
system design and optimization. The texts do naehaking, which can influence the effectiveness of
extensively discuss the legal and regulatory aspett collaborative efforts and information flow. Cultura
implementing the Physical Internet. Further rededsc variations may lead to differences in regulatorg &gal
needed to understand the legal implications, ptentframeworks related to logistics and data sharingtutal
barriers, and necessary legal restructuring reddoethe norms and values can shape the development ofigmlic
adoption of Physical Internet principles and paeti and regulations that affect the implementation and
While efficiency and sustainability are emphasizbére operation of the Physical Internet. Understandingse
is a need for research that addresses the econahility  differences is crucial for addressing legal and giiance
and cost-benefit analysis of implementing the Rtalsi issues across different cultural contexts. Cultataludes
Internet. Evaluating the financial implicationsfum on towards technology adoption and innovation caruarfte
investment, and cost-effectiveness of adopting iealys the acceptance and implementation of technological
Internet concepts can help decision-makers asgess solutions in the Physical Internet. Cultural predistions
feasibility and potential benefits. towards risk-taking, openness to change, and téobical
The texts touch on sustainability, but there istih literacy can impact the adoption of new technolsgiad
exploration of the broader social and environmentgrocesses within logistics systems. Consideringucall
impacts of the Physical Internet. Research coukkdato  differences and predispositions is important tauemshat
the social equity implications, carbon footprintluetion, the design and implementation of the Physical faer
and the overall societal benefits and challengescisted align with the cultural context of the regions auntries
with implementing the Physical Internet. To achigke involved. This may involve tailoring strategies,
sustainability goals and reduce environmental ifjpacommunication approaches, and regulatory frameworks
logistics operations mut be optimized and Pl helpsccommodate cultural nuances and promote successful
managing material and information flows. adoption and collaboration. Further research isleee¢o
The willingness of stakeholders to collaborate anexplore the specific cultural factors and their lications
cooperate is crucial for the successful impleméntadf for the Physical Internet. By addressing these arebe
the Physical Internet. While some studies touch ogaps, researchers can further advance the unddirgian
collaboration and information sharing among casrierimplementation, and impact of the Physical Internet
there is a need for further research to understanfactors concept.
influencing stakeholders' willingness to coopenatthin
the Physical Internet framework. This includes exémy 5 Conclusions

incentives,  trust-building mechanisms, and the Based on the summary provided, it is evident that t
identification of barriers and challenges that nétyder  discourse surrounding the Physical Internet rewlve
collaboration. around several key points. Firstly, there is a ngro
Ensuring the security of goods, data, and opersi®n emphasis on enhancing efficiency and promoting
a critical aspect of the Physical Internet. As system systainable development in the realm of logistitise
relies on interconnected networks and informatiwarislg,  physical Internet is perceived as a solution aimaéd
there is a need for robust security measures t®@ro enhancing economic, environmental, and societal
against cyber threats, data breaches, and unaeHoriefficiency in the worldwide transportation, warebing,
access. Further research should focus on developigfd distribution of tangible goods. Furthermore,ativent
security frameworks, protocols, and technologies tgf digital transformation in the logistics industiy a
address these concerns and maintain the integntly acrucial aspect of the Physical Internet. This tramsation

confidentiality of Physical Internet operations.

While research specifically focusing on culturgdects
in the context of the Physical Internet is limitat,is
essential to consider cultural factors when desigr@ind
implementing logistics systems. Cultural differes@an
influence the level of trust and willingness tolabbrate
among stakeholders. Cultures that prioritize irdialism
may have a different approach to cooperation coetper

brings about significant implications for the deoghent
and implementation of an efficient and sustainkdgestics
system on a global scale.

Collaboration and the sharing of information caugi
essential foundations of the Physical Internet ephcThe
concept entails the sharing of logistical resousned the
exchange of information within an open network.islt
believed that the introduction of the Physical in& can
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greatly contribute to the development of sustamabl Overall, the literature review provides a compredian
logistics. Important elements of the implementatiomverview of the key concepts, challenges, and pielen

process include raising awareness and facilitating opportunities associated with the Physical Internet

exchange of information among stakeholders. offering insights into its potentially transformagiimpact
In addition, researchers have focused on expldahag on global logistics systems.

utilization of technologies such as blockchain anghrt
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