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General objective

« To create an interoperable cloud-
based ecosystem of user-friendly
extensible Artificial Intelligence-based
logistics  software  solutions and
supporting methodologies.

* This objective will yield solutions that
are.
o Agile.

o Innovative.

o Sustainable.
o Resilient.

o Powered by the actors’ collaboration.
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General objective

« ePlcenter will:
o Speed up the path to a Physical Internet.

o Benefit peripheral regions and landlocked
developing countries.

o Reduce fuel usage and corresponding
emissions.

o Lead to a greater utilization of greener
modes of transport reducing long
distance movements by trucks.

o Ensure a smoother profile of arrivals at
ports which will reduce congestion and
waiting/turnaround times.
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Physical Internet (PI)

» Treiblmeier (2019) defines the PI as “a
comprehensive  and measurable
supply chain framework which is
based on a network of physical
components. These components are
standardized as well as optimized and
exchange information to improve the
effectiveness, efficiency, and
sustainability ~ of  supply  chain
management operations.”

Montreuil, B., 2011. Toward a Physical Internet:
meeting the global logistics sustainability grand

challenge. Logistics Research 3, 2, 71-87.
7

Montreuil, B., et al, 2013. Physical Internet
foundations. In Service orientation in holonic and multi
agent manufacturing and robotics. Springer, pp. 151—
166.

4

Treiblmaier, H., 2019. Combining Blockchain
technology and the Physical Internet to achieve triple
bottom line sustainability: a comprehensive research
agenda for modern logistics and supply chain
management. Logistics, 3, 10, 1-13. 7

Treiblmaier, H., et al., 2020. The Physical Internet as
a new supply chain paradigm: a systematic literature
review and a comprehensive framework. The
International Journal of Logistics Management, 31, 2,
239-287.
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Physical Internet (Pl)

« The PI has the following foundations
(Montreuil et al., 2013):

o Efficiency and sustainability.

o Universal interconnectivity.

o Encapsulation.

o Standard smart interfaces.

o Standard coordination protocols.

o Logistics web enabler.

o Open global logistics system.

o Innovation-driven PlI.
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WP1. Vision, opportunities and requirements

» Technology scan and state-of-the-art refresh.
s IEEE Access
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ABSTRACT To improve the cffectiveness and the sustainability of logistics, the Physical Internet paradigm

proposes disruptive solutions. This implies developing an ecosystem of tech-based logistics solutions and

supporti ethodologies that enable all players in global trade to cooperate. The purpose of this paper is to olEEE
s erature review (SLR) studies to gain detailed insight into how innovative transport

technologies, and dig ion initiatives around the Physical Internet development impact supply chains.

This paper presents the results of a tertiary study that systematically identified more than twelve thousand

articles and selects o review 74 secondary studies on the application of dl‘.l‘\]pll\L‘ technologies and the

Physical Internet initiative on supply chains from a management perspective. This is complementary to

previous reviews, since no one provides a comprehensive and consolidated approach towards the relationship

of these three fields. The five-stage a)atcnulu review process proposed by Denyer and Tranfield (20089) is J C R

followed. As a result, we identify the key activities, g areas and stra in the supply chain field

where the Physical Internet and disruptive technologies interact and are game-changing. Also, we present a

conceptual framework that summarises the relationships that exist between relevant disruptive technologies,

the physical internet topics, and supply chain key activities. The framework is helpful for researchers and

practitioners to find potential technologies to invest in, to assess the potential effects on companies of their

implementation, and to support strategic decision-making. The paper concludes with an outlook on future

research opportunities from operational. tactical, and strategic perspectives.

INDEXTERMS Disopive el Cortés-Murcia, D.L., et al.,, 2022. Supply chain
e e ety s ot management, game-changing technologies, and
L. INTRODUCTION ) ] human settlements inclusive, safe, resilient and sustainable™ P hySicaI I ntern et: a Syste m ati C m eta- reVi eW Of

Since the Kyoto Protocol (SDG 11), “ensure sustainable consumption and production

around the world have tried to deal with the increa: patterns™ (SDG 12), and “take urgent action to combat cli- Iite ratu re. IEEE ACCeSS’ 10’ 6172 1—61743.

s, logistics, physical internet. supply chain management, systematic

environmental challen resulting from the climate cr mate change and its impacts™ (SDG 13).

pollution, and deforestation that endanger the sustainability Transport is a key driver in many economic activities
of the planet [1]. However. in recent years, mankind proved that account for about 24% of world CO2 emi

that reducing the tive impact of supply chain (SC) oper- Moreover, the accelerating technological chang

ations on society and the environment is a difficult ask [2]. establishment of new players in international trade force

Additionally, the United Nations proposed an agenda for ' g\ , @ sbal transportation to chan_'_-c. Due to
2030 composed of a set of 17 Sustainable Development
Goals {SDG). which includes efforts to “make cities and

green logistics and cn\lr\:)nmcnl.ll logistics [4]. Also, lhcm * -
The associate editor coondinating the review of this manuscript and are projects with international cooperation and with multi- U nive r'SId ad dE
appraving it for publication was Mauro Gaggera ™. disciplinary research groups from universities and companics 4

=
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WP1. Vision, opportunities and requirements

« We present a conceptual framework that
summarizes the existing relationships
between relevant disruptive technologies,
the Pl topics, and supply chain key
activities.

« The framework is helpful for researchers
and practitioners:

o to find potential technologies to invest in,

o to assess the potential effects on companies
of their implementation,

o and to support strategic decision-making.
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WP1. Vision, opportunities and requirements

Disruptive technologies

. e . Operations
Cyber-Physical Artificial Autonomous
Blockchain | Cloud Computing ¥ s y Internet Of Things | Big Data . Research .
ystems Intelligence Vehicles
Methods
A. Decisionmaking tools
Modular containers
A.1. Smart goods, vehicles and infrastructure
Vehicle usage A.2. Fleetmanagement

utilization I
A.3. Automated guided tasks —

. A4. Warehouse location/management
Transit centres

A.5. Inventory management

Data Exchange B. Real-time information processing/sharing
B.1. Riskmanagement

B.2. Cooperative inventory management

Cooperation Models - -
B.3. Transportation cooperation

B.4. Smart contracts
L 1 | L

C. New businessmodels
C.1. Advanced automation

Legal framework

Business Models C.2. Cloud manufacturing

C.3. Seniice models

Physical internet themes (based on Treiblmaier et al. (2020))

C.4. Pl enabling irms
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The ePlcenter Project: WP 3 (part 1) €Pl(enter

River transport is a solution to faster, more
sustainable, and more cost-effective logistics

River waterway services are severely limited by
a lack of infrastructure (Flexport.com, 2022)

Where to locate PI-Hubs in this setting?
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The ePlcenter Project ePl(enter

Where to locate PI-Hubs in this setting?

stopovers
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The ePlcenter Project ePl(enter

Problem decisions:

» Hub and stopover location

O

» Spokes allocation

Hub?

Stopover? . @ @
Spoke?

% @ 3 Universidad de
La Sabana




The ePlcenter Project ePl(enter

Minimize total transportation costs, including the opening of hubs.
The transportation costs corresponds to the transportation of commodities from an
origin / to a destination j.

minimize % (CkOi+ GiD)Zi+ > > aCuXw+) > > BCuXiu+) fZu (1)
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WP3. Artificial intelligence and optimization

* Transportation and logistics
(T&L) activities are core
functions in any modern industry.

e These functions cover all
decision levels.

* Regardless of this level, the
scientific literature has
demonstrated that realistic T&L
problems are computationally
complex (NP-hard).

 Hence, optimal solutions are
hard to find in short computing

Operational J
times.

Universidad de

| La Sabana

£
=
=

35t A TR
f-
1 SABANA




WP3. Artificial intelligence and optimization

ertainty

- Different constraints and o mgr;rgeftalntc}/%w
conditions make realistic T&L '

uncertainty
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Problem description

» We consider a strategic-tactical problem to design a supply chain network (SCND),
l.e., the following decisions must be made:

 Location decisions (which hubs should be open?).

« Allocation decisions (how to assign suppliers and customers to open hubs?).

Costs L Hubs J Capacity

Suppliers J Customers J

L

Supply © Demand
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Problem variants

* A basic (B) SCND problem. » A dedicated (D) SCND problem.

» A hyperconnected (H) SCND problem. * A dedicated multi-actor (DMA) SCND

« A hyperconnected multi-actor (HMA) problem.
SCND problem.

(a) A basic solution. (b) A hyperconnected solution.
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Objectives

* Minimize total costs, formed by:
« Transportation costs.

 Fixed and variable costs for
managing m-containers in the
hubs.

* Maximize resilience after hubs
have been disturbed by any
disruption event.

4 )

Resilience is the ability of a system to
return to its original state or move to a
new, more desirable state after being
disturbed (Christopher, & Peck, 2004)

Mazximize

Minimize Z |:Z frnzn + Z ( Z JhThnke + Z yhth)

teT | held ke K (hh")eB (h,g)eC

+ E CAipTip + E Cbhh" Uppr + g CCpjUp, J]

(i,h)eA (h.h")eB (h,g)eC

Z (zk( K Z(h,j]( c Yhjkt

ch B’Z(h,j)({; Yhjkt—1 Al
>t 2okeK Akt /

Zj( J ch K d‘jkt 1

H—_'f\f.n

2?&-”.1,(1:::

Christopher, M., & Peck, H. (2004). Building the resilient
supply chain. International Journal of Logistics

Management, 15, 1-14.
74

g W,

Tordecilla, R.D., et al. (2021). Simulation-optimization
methods for designing and assessing resilient supply
chain networks under uncertainty scenarios: A review.
Simulation Modelling Practice and Theory, 106, 102166.
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Solution approach

Start

!

" Solve a single-
objective model Define the disruption Select the next
disregarding any scenarios disruption scenario
disruption \
. ) \4
Add a constraint of Maximum osbc'}nl:cetijesxggl
type = considering <—— feasible jective
o maximizing the
€ resilience (€) - e
._resilience objective
l ,/"\\ Yes
Solve a single- < N
objective model _“More disru ptioh“\ COHTDF:;#iz;he
minimizing the cost . scenarios? _ No
. ~ S hypervolume
objective ) N e
‘\\w-'"(f‘ i

End
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Results

[ Max-cost actor -
[ Min-cost actor
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Conclusions

« Mathematical modelling offers a set of
highly useful tools to design supply chain
networks, considering multiple KPIs, such
as cost or resiience, and several
characteristics, such as hyperconnection
or multiple actors.

« We have demonstrated that, when
minimizing the maximal cost incurred by
the different actors managing the hubs,
equality among them increases.

« Although  hyperconnection increases
design costs, resilience grows as well. In
the same way, hyperconnection decreases
the risk faced by supply chains.
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Future work

* Designing heuristic and metaheuristic
methods to solve large-sized instances.

« Considering uncertainty in the studied
problems, given its relevance when
addressing resilience. Simulation-
optimization methods and simheuristics
are useful to solve efficiently this type of
problems.

« Sustainability is a relevant issue to
address in the Physical Internet context.
Hence, it can be considered as an
additional objective to optimize.
Environmental and social KPIs become
relevant in this case.
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Web pages

https://epicenterproject.eu/

https://cordis.europa.eu/project/id/861584

https://www.etp-logistics.eu/

http://www.physicalinternetinitiative.org/

https://www.youtube.com/watch?v=iI0NwZG
aPZdw

https://www.youtube.com/channel/UC-
1 szICtweZTOCOPMIK9AQ/videos

Prof. Dr. William J. Guerrero Dr. Rafael D. Tordecilla
william.querrerol@unisabana.edu.co rafaeltoma@unisabana.edu.co
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