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Glossary of terms and abbreviations used

A

EU European Union

GHG Greenhouse gases

GPICS Generic Physical Internet Case Study

GPS Global Positioning System

GSCM Green supply chain management

ICT Information and Communication Technologies
KPI Key Performance Indicator

LL Living Lab

NUTS Nomenclature of Territorial Units for Statistics
Pl Physical Internet

SCM Supply chain management

SLR Systematic Literature Review

T&L Transport and Logistics

TEN-T Trans-European Transport Network

WISA What-if scenario analysis

WP Work Package

In addition, this document contains references to Eurostat data where countries are referred to by the following
two-letter country code.
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1 Executive Summary

This deliverable sets up and specifies, with the contribution of all relevant stakeholders, the parameters of a
Generic Pl Case Study, unifying ICONET’s 4 Living Labs under a common Pl framework, and producing the final
release of the respective Pl Hubs Plan.

The work has been based on the previous release of the deliverables (D1.7, D1.8 — “Generic PI Case Study and
associated Pl Hubs Plan v1, v2") which identified the key elements of the Physical Internet as documented in
previous studies, reports and projects, through state-of-the-art reviews in the field, followed by a parallel process
to understand and abstract the business needs of the project’s living labs use cases and insights of ICONET's
Advisory Board, ALICE and Consortium members.

The Generic Pl Case Study and associated Pl Hubs Plan Final version focuses on the analysis different aspects to
facilitate the adoption of Pl by companies. It defines the new roles of Pl and how the companies are related to
those roles. An operational procedure for managing transport operations through the Pl network is also
described. It describes the main points of connection between the physical network and the digital network.
Furthermore, it is described how the connection of the companies' legacy systems with the Pl network could be
done.

Finally, the European Pl Hubs plan is defined based on an analysis of freights flows at European level. From the
cargo data between regions (NUTS 2), applying concepts of GPIC models and services such as Networking or
Routing, the size of a plan PI Hubs network and its relative size have been estimated according to the amount of
cargo that would pass through each node in a transport plan based on PI.

This deliverable is also the epicenter of the project methodology, which combines the notions of a Pl Hub, a PI
Corridor, and an urban logistics network Pl (e-Commerce Fulfilment), all supported by the e-Warehousing as a
Service. Each of these four Key Pl capabilities corresponds to each of ICONET’s Living Labs. Finally, it covers the
Pl Hubs Plan suitable for the GPICS' defined geographic region and business needs, through a disciplined
methodological approach and taking into account input and advice of all involved stakeholders, within or
supporting the ICONET Consortium.

© ICONET, 2020 Page| 8
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2 Introduction

This deliverable serves a two-fold purpose:

1. The GPICS Specification version 2. The GPICS represents the core of the project methodology. The four
industry-driven Pl Living Labs of the project provide the main Pl competences: Pl Hub, Pl Corridor and PlI
Network

2. To produce the Pl Hubs Plan that is suitable for the geographic region and business needs of the defined
GPICS. All this considering a methodological approach and consulting with the interested stakeholders
present in the ICONET Consortium, ICONET Forum and ALICE cluster.

The ICONET Generic Pl Case Study (GPICS) was raised as the epicenter of the project’s methodology, so that the
objectives of this specific ICONET deliverable are highly relevant to the project in general. The starting point of
the ICONET methodology points to a fundamental understanding of Pl business models and enablers, culminating
in the Generic Pl Case Study (GPICS) and Pl Hubs Plan, with the help of simulation (as it is extended in the
following paragraphs). The next step is to translate the fundamental understanding previously achieved to a
Cloud-based Pl Control and Management Platform that supports the design and implementation of solutions in
the third step, ICONET LLs. This third step involves both a digital transformation driven by Pl in LLs, the provision
of data for simulation, testing and user-driven innovation.

The objective was to align the deliverable and its main outputs, this is the definition of GPICS and its associated
Pl Hubs Plan, with the previous works as far as possible. The Systematic Literature Reviews (SLRs) consisted in
the analysis of the existing research works to date. References to key documents have been reflected in the
corresponding section of this document. The SLRs was complemented with the study of the available results and
outputs of current projects related to Pl. The main related project, which is one of the most recent, is “SENSE -
Accelerating the Path Towards Physical Internet”.

This project also has direct connections with the SENSE project, but with different objectives. SENSE strategic
objective is to accelerate the path towards the Physical Internet (Pl), so advanced pilot implementations of the
Pl concept are well functioning and extended in industry practice by 2030, and hence contributing to at least 30
% reduction in congestion, emissions and energy consumption. To that end, SENSE aims to increase the level of
understanding of Pl concept and the opportunities that bring to transport and logistics. By building stronger and
wider support of industry, public bodies and research worlds towards the Pl we may reach consensus and enable
coordinated strategic public and private investments in research and innovation embracing Physical Internet that
could lead us to a new much more efficient and sustainable paradigm.

The document is addressed to the ICONET project partners. In addition, it is also intended to inform shippers,
logistics service providers and other interested parties of the results of the ICONET project.

2.1 Deliverable Overview and Report Structure

This document is divided into 8 chapters. The first is the chapter of the executive summary that outlines the key
goals and findings of this report.

The second chapter is an introductory section focused on the relationships between the content of the document
and the outputs of the ICONET project. It also contains an overview of the structure of the document.

The third chapter discusses the main aspects of the state of the art of reference models and Pl foundations taken
into account to define the case study of the Generic Physical Internet of ICONET. This chapter also includes
references about the integration between the actual logistics networks and the PI.

© ICONET, 2020 Page |9
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The fourth chapter describes the GPICS Framework and its dimensions. The GPICS Framework provides the basic
concepts for defining the ICONET physical internet study case in a common and orderly manner.

The fifth chapter describes a guide to facilitate the adoption of Pl by transport and logistics companies, and the
connection between the physical and digital network.

The sixth chapter deals with the definition of the European Pl Hubs plan is defined based on an analysis of freights
flows at European level.

The seventh chapter has the conclusions of the document and

The eight chapter enumerates the references used in the document.

© ICONET, 2020 Page |10
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3 Physical Internet Framework

The goal of this chapter is to review relevant Pl publications, regardless of the publication outlet, to align the
ICONET Generic Pl Case Study with previous research and existing work to date. It also has the goal of providing
guidelines to facilitate the integration of the Pl framework for companies involved in transport and logistics.

To align ICONET with previous research, we have used academic databases and academic search engines that
look for the term ‘Physical Internet’. Moreover, we have screened publications from conferences on (e.g., the
International Physical Internet Conference) and groups interested in (e.g., the Physical Internet Initiative, ALICE).
Finally, we have identified and analyzed the main on-going projects related to PI.

This chapter provides minor refinements with respect to the initial release of the document. The state of the art,
the research and the literature review and Pl background analysis was performed at the beginning with the
objective of defining a holistic GPICS framework with all the dimensions needed to have several GPICS
instantiation along the ICONET project.

Moreover, this chapter takes a close look on the Logistics Industry in an effort to identify the links between the
Supply chain reality of today and the PI. The generic modelling of the components of the PI network is designed
to reflect these interconnections and requirements that the industry has to make the GPICs ever more relevant.

The Pl literature is constantly growing. The very first publication on the Pl dates from 2006 while the concept of
actual Pl was initially introduced in 2010 by Montreuil et al. in [2], who laid its foundations and received the
attention of academics and practitioners. The number of publications in Pl has increased considerably in recent
years. Most Pl publications are conceptual and try to provide practical solutions for certain PI components.
Similarly, there are many studies and simulations aimed at providing real-life solutions for some of the PI
components (e.g., simulations for the operations of Pl-hub, PI-store and Pl-sorter) but there are few case studies
or experiments focused on the analysis of the potential impact and benefits at the level of the Pl network.

ICONET's GPICS Framework is aligned with the foundations of the Pl components identified to date. The table
below summarizes the alignment between key ICONET GPICS elements and the PI foundations extracted from
the literature review process.

Table 1: Correspondence between ICONET GPICS and Pl literature main aspects

Three key types of physical elements such as Physical
Internet enablers: the Pl containers, Pl nodes and Pl
movers. Containers are the fundamental unit loads
that are moved, handled and stored in the Physical
Internet. The nodes correspond to the sites, facilities
and physical systems of the Physical Internet. The
movers transport, convey or handle containers within
and between nodes of the Physical Internet.

GPIC modelling components include these three
types of physical elements

GPICS container
GPICS hub
GPICS transport/mover

PI nodes are locations specifically designed to GPICS HUB includes a wide range of functionalities to

perform operations in Pl containers, such as receiving,
testing, moving, routing, sorting, handling, placing,
storing, picking, monitoring, labelling, paneling,
assembling, disassembling, folding, snapping,

© ICONET, 2020

perform logistics operations: source, sink, assembly,
split, queue, store, switch, bridge, sort and gateway.
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unsnapping, composing, and

shipment of Pl containers

decomposition

Physical Internet aims to enable an efficient and
sustainable Logistics web. In general, a web can be
defined as a set of interconnected actors and
networks. In the context of the physical Internet, the
types of actors and networks can be characterized,
which leads to defining a web as a set of
interconnected physical, digital, human,
organizational and social agents and networks.

Physical Internet is a global and open system. It has a
large number of components that do not have the
capability to independently enable an efficient and
sustainable Logistics Web. It is through their well-
designed relationships and interdependencies that
the system as a whole can achieve its purpose
completely.

It has to be based on the same conceptual framework
regardless of the scale of the involved networks.

Whereas the Digital Internet networks have the
following physical elements: cables, hosts and
routers, the Physical Internet faces a more complex
reality in terms of the physical elements:

PI Container: encapsulation of merchandise
Hub: place of orientation -sorting-, change of
mode, service provider

Supplier/consumer: place of containerization
and de-containerization

Transport services: punctual or
transport between two nodes

regular

The GPICS Network is formed by all the modelling
components: GPICS Containers, GPICS Hubs, GPICS
Movers/transport, GPICS Corridors and GPICS Routes.
All together enables the interconnection of actors and
networks.

GPICS base configuration rules establishes the basis
for the relationships and interdependencies of the
physical elements of the Pl Network.

GPICS Framework allows defining a GPICS case study
independently of the scale or the scope by selecting
the suitable geographic area and master data and
configuring the setting rules accordingly.

Apart from the three basic physical elements: GPICS
container, GPICS hub, GPICS transport/mover, the
GPICS framework also includes elements such us the
US GPICS corridor and routes which support the
digital internet analogy.

Moreover, GPICS Framework also maps the
supplier/consumer points with their sender/receiver
roles.

ICONET Generic Pl Case Study is also alighed with research and outcomes from Pl related on-going projects. Main
reference is SENSE — Accelerating the Path towards Physical Internet. SENSE project strategic objective is to
accelerate the path towards the Physical Internet (Pl), so advanced pilot implementations of the Pl concept are
well functioning and extended in industry practice by 2030, and hence contributing to at least 30 % reduction in
congestion, emissions and energy consumption. To that end, SENSE aims to increase the level of understanding
of Pl concept and the opportunities that bring to transport and logistics. By building stronger and wider support
of industry, public bodies and research worlds towards the Pl we may reach consensus and enable coordinated
strategic public and private investments in research and innovation embracing Physical Internet that could lead
us to a new much more efficient and sustainable paradigm. There is a detailed description of interaction with
SENSE project in previous version of this deliverable.

© ICONET, 2020 Page | 12
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3.1 Integration between the logistics networks and the PI

Nowadays there is a lack of real integration among all the stakeholders in collaborative logistics communities. As
it was described in ICONET deliverable D1.2 (D1.2 PI business and governance models) a networked collaborative
community can be described as “Open logistics networks consisting of competing and non-competing
stakeholders through which goods are transported and stored in the most efficient way based on open logistics
standards and governance and market based pricing mechanisms.”

Although there are different horizontal collaboration business models which currently exist there are too many
gaps which exist between the existing horizontal collaboration business models and the collaborative networked
logistics communities with a special focus on scaling and interconnecting existing horizontal logistics
collaboration models as a basis for the Physical Internet.

As it was detailed in the ICONET deliverable D1.2! document the openness of collaboration models refers to the
fact that any stakeholder should be able to join a collaborative community to contribute to the increase its overall
efficiency. Stakeholders can contribute to the efficiency of the community in many different ways. Some
examples of stakeholder contributions are given below:

Freight owners can contribute through offering their freight volumes to the community.
Asset owners can contribute through offering their warehouses to the community.

Asset owners can contribute through offering their transportation assets to the community.
Service providers can contribute through offering their routing solutions to the community.
Service providers can contribute through offering freight tracking solutions to the community.
Trustees can contribute through offering governance mechanisms to the community.

U hs, WN B

3.1.1  Who are the actors in Logistics today

There are multiple ways to classify the main actors in the supply chain. In document D4.6? of this project lists of
the main actors in the supply chain are included. In one scenario of Corridor-centric Pl Network the main actors
and their main roles

e End User/ Shippers like P&G

e Freight forwarders

e End Customers/ Retailers like SONAE
e Consumers/ Shoppers

e Shipping Companies

e Container leasing companies

e Mobile Network Operators

In the LL1 there are different operators (Deep Sea terminal Operators, Rail Way operators, Infrastructure
managers (public and private)) for all other stakeholders, which are indicatively:

e infrastructure manager

e railway undertakings

e industrial sites

e freight forwarders

e breakbulk/intermodal terminal operators
e Combined Transport operators

! Deliverable 1.2 Concept of Collaborative Logistics Communities
2 Deliverable 4.6 Business Plan and Exploitation Actions
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e tank storage operators

Depending on the scope, the Pl users could be different. In LL3 e-Commerce centric Pl Network, the main players
consist of over 650 stores operated by SONAE from different retail outlet profiles (urban hypermarkets, large
supermarkets, proximity supermarkets, non-food goods and dark stores). And additionally, 3rd party pick-up
points and 3rd party delivery agents such as Uber drivers may also be examined.

In the last Living Lab, LL4 Warehousing-as-a-Service (Waa$S) the main Customer are Shippers demanding storage
space, industrial companies and building works (construction) companies and Logistics providers offering storage
space and transporters or retailers operating their own logistics services for internal operations.

3.1.2 Needs and requirements for Pl adaption

In document D4.6 of this project (D4.6 Business Plan and Exploitation Actions) there is an extensive analysis of
the main needs of the actors in the supply chain for the adoption of PI.

The needs of companies have been analyzed from different points of view. From the point of view of companies
that perform road transport, their main needs are:

e Low complexity (low because of full truck scenario)
e Consists of 3 steps only

e Loading

e Road Transportation

e Unloading

e Easy to manage with low interdependency

e E2E Supply Chain Visibility Solutions available

From the point of view of companies and customers that are related to city urban environment, eCommerce ,
the main needs would be :

e Buy grocery for the family
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Analyzing the needs from the point of view of product manufacturing, focused in the industrial distribution the
main problems these companies found are the following:

e Store own products or Suppliers’ products

* Make sure that products’ storage meets requirements for safety and quality, especially for perishable or
flammable goods etc. s

e Manage stock levels

e Manage Master data of the products, the codification and labels

* Manage business processes for selling and storing the products

* Manage tractability of the goods

e Manage shrinkage

* Manage reverse logistics

* Manage legal and tax requirements for transactions and documentation

e Manage ordering, product shipment or delivery processes

e Manage CO2 or ecological impact of deliveries

e Manage the end to end exchange of information besides tractability itself but also for information
purposes and coordination of the teams and predictability.

Finally, as a general summary the main advantages that these companies perceive as potential benefits are the
following list:

e Lower fixed cost

e More flexible variable cost

e Less personnel intensive processes

e Concentration on core business

e SC Visibility and Transparency

e Shorter planning period/ shorter contractual commitment

* More flexible planning and routing

e Exchange of information

* Increase of scalability, agility and flexibility in operations and business

3.1.3 Collaboration in the supply chain

Openness implies also that there is a dynamic dimension to collaborative communities. On one hand
stakeholders should be able to join and leave the network at any time, which means that the composition of the
community is dynamic and continuously changes over time. On the other hand, stakeholders should be able to
change their contributions to the consortium. Freight volumes can indeed change as a result of changing business
conditions and strategies. Assets can be added or withdrawn from the collaboration. Routing and freight tracking
solutions can change due to evolutions in technology and business models. Trustee services might evolve due to
automation and changes in legislation.

Beside the fact that logistics collaborative communities need to be open, they also need to be networked.

As a primary objective, logistics collaborative communities should form small networks in which efficiencies are
generated through the freight consolidation and optimized asset utilization. These logistics collaborative
communities operate in the same way as Digital Intranets and can as such be considered as Physical Intranets.

Not only should the network aspect of logistics collaborative communities be limited to the Physical Intranet
level, but. Networking also implies that there should be interconnectivity in between different logistics
collaborative communities.
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It should indeed be possible that freight travels from its origin to its destination through different logistics
collaborative communities. All logistics collaborative communities or Physical Intranets should be directly or
indirectly networked into one overarching logistics collaborative community which is the Physical Internet. This
concept is very similar to the Digital Internet which is basically an interconnected network of Digital Intranets.

ICONET GPICS framework is a concept that goes beyond the state of the art due to it provides all the necessary
elements to model integration of networked collaborative communities with private logistics facilities and
resources and future Pl networks. GPICS framework provides, among other the following capabilities:

e Modeling components that allows to model both, private and Pl shared logistics facilities. Each modeling
component provides its functionalities (based on a set of functionalities of the Pl nodes) and their main
attributes (warehousing space, lead time, transport mode capacity, ...).

e The modeling components allows to configure private networks (or private parts of networks such as
distributions centers, warehouses, transports, etc. ) and public (in the sense of Pl paradigm) networks,
for example promoted by public administrations such as ports, airports, etc. Altogether provides a full PI
network.

e Configuration rules that allows to model different scenarios of collaboration in the collaborative logistics
communities.

e Interconnectivity: a set of common attributes for all the modelling components and the definitions of PI
roles and their participation in each Pl event provides the interconnectivity capabilities.

Based on this, simulation models and LL instantiate the GPICS framework according to its specific needs.

The GPICS and the instantiations to each simulation model and LL specific requirements provide a great value for
the logistics community. It would be impossible to achieve valuable conclusions, in terms of the impact of P,
without a common framework. Before ICONET project there was not a common approach to evaluate Pl impact
among different scenarios (location and functions of nodes, communication between nodes, linkage between
private networks and PI public elements, etc). After ICONET GPICS framework definition logistics stakeholders
have a set of resources to define and simulate scenarios in order to evaluate from a quantitative point of view
the potential impact of Pl paradigm.

Finally, not only the analysis of the Logistics realities of today in terms of players and requirements and
expectations offers a clearer more reliant playfield on what the GPICS is required to do but also the GPICS
identifies and standardizes in that process, the scope and shape of the Pl services through which Logistics service
providers can easily relate to, integrate more easily and in a better fashion to the context and offerings of the Pl
vision.
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4 GPICS Framework

The goal of this chapter is to present the ICONET's GPICS Framework and its dimensions. This chapter remains
unchanged with respect to the initial release of the deliverable since the GPICS Framework, which is one of the
key concepts of the project, was fully defined in the initial release and it must be kept unaltered among versions
to provide valuable and comparable results and conclusions.

4.1 General Overview

ICONET’s Generic Pl Case Study (GPICS) was raised as the epicenter of the project’s methodology as it is shown
in the following figure. The starting point (01) aimed for a fundamental understanding the Pl business models
and enablers, culminating in Generic Pl Case Study (GPICS) and Pl Hubs Plan.

Generic Pl Case Study (GPICS) * Physical Internet Reference
Pl Hubs Map Architecture

Pl Models and KGs * Plalgorithms and services

Pl
& experimentation

Innovation

Figure 2: ICONET’S methodology

As part of the core of the project, the initial approach of GPICS, described in Figure 3, posed to combine the
notion of a Pl Hub (Antwerp port LL1), a PI Corridor (the North Sea — Mediterranean Corridor LL2), a Pl (urban
logistics) Network (SONAE LL3) all supported by e-Warehousing as a Service. Each of these four Key PI Capabilities
would be combined into a generic case study, which will be modeled as an intra-continental inter-country Pl
network. Simulation would be used to establish a PI Hubs Plan and to investigate specific use cases proposed by
the associated Living Labs.

© ICONET, 2020 Page |17




D1.9 Generic PI Case Study and associated Pl Hubs Plan Final

Pl Corridor

@ 2
-C
eFuIcf"i'li:v'::r'\ie te | Te u.kmgunu 6
-Toady; s ! . SRS ALY | ol %
‘arehousing q Yty )1’ 3 M
Saa$ ““” R—,
<. E )= .
- -
PiHab Pl Corridor
A
1ate HiL

»

SaaS

Seas Shipper A Hmter! ind Hub “Distribution Center
e-Warehouslng t
Pl Hub = Dynamid
- bet)
o Customs
=1
RFID Tag o Clearance }
L Documents | g‘,.‘ duic PI Network (U rbaf Logistics) "“"V”V
Timestamp
z
&
- —-—r e (A
» 1= »
E H-ghSpu.d
. Deliver
z Supplier Y Retailer Last Mile End
Shipper B Port S I";(f"’::::f:;'l Distribution Center DistributionCenter  R31°T  gervice Provider  Customer
Dynamic Vertical Collaboration within Supply Chain
< >
————p  Flows of Physical Freight e e —— =+ DataStreams (Enterprise Data, Events, etc.)

Figure 3: ICONET’S GPICS overview

GPICS represents an abstraction of a Pl supply chain network, based on the four Key PI capabilities which
correspond to a different LL within ICONET. GPICS makes a representation of a real-world system by creating a
conceptual model for a generic geographic area, a series of descriptive elements, the logical relationships relative
to the components of the system, the input and output data and a set of capabilities for different scenarios
configuration.

In McLean and Shao (1992) [3] a representation is defined as a set of conventions on how to describe a class of
things. A description makes use of a representation to describe some particular thing. McLean and Shao (1992)
[3]also defines the four fundamental parts of a representation:

Lexical — determines what symbols are allowed in the representation vocabulary
Structural — describes constraints on how symbols can be arranged

Procedural — specifies access procedures to create modify, and query descriptions
Semantic — establishes a way to associate meaning with descriptions

Six-dimensional GPICS model covers those fundamental parts of a representation. Because representation and
description are not the actual “thing or things” that are being modelled, there is always the possibility of
introducing errors each time a representation or description is created. Figure 5 illustrates the general concept
of abstraction. On the left side, we start with something real, i.e., the target “thing(s)” objective to model. They
can be real “things,” such as the nodes of the supply chain, processes, systems, or facilities. It is also possible that
“thing(s)” are descriptions based on some form of representation, e.g., a drawing of an installation. A manager,
engineer, simulation analyst, performs an abstraction process and creates an output representation and/or
description. The abstraction process may involve observation, analysis, simplification, approximation,
substitution, representation, and/or description. The outputs are new conceptual representations or
descriptions of the “thing(s)” with the possible introduction of errors.
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Figure 4: Abstraction process

GPICS definition and its associated Pl Hubs Plan are approached as an iterative process in three versions. The
current second version of Pl Hubs Plan is based on the first release, version 1, and represents an incremental
iteration over the initial version. The main difference between these two versions is the scope, in terms of
complexity in the instantiation process of the six-dimension GPICS Framework. As a consequence of that, the
version 2 of the Pl Hubs Plan will be also more detailed and will cover a wider geographical area.

The GPICS framework consists of six dimensions that are interrelated, in fact, these six dimensions that make up
the GPICS are more than interrelated, they are interdependent, in the sense that each of them is the input to the
next. The GPICS framework provides not only the components needed for a case study definition but also a
process or cycle to drive it. GPICS dimensions are also indivisible due to the fact that none of them makes any
sense without the others since the whole set is what really enables the instantiation and, therefore, the definition
of GPICS.

The final purpose of the Generic Pl Case Study (GPICS), based on the ICONET Living Labs, was to investigate and
produce a Pl Hubs Plan with the position, size and number of hubs needed to efficiently link the long-distance
network to urban areas, and use it for simulation of key Pl scenarios to analyze Pl performance at different scales
and granularity levels, in terms of Key Performance Indicators (KPIs). To make this possible, the GPICS of ICONET
has been addressed as a conceptual framework or an abstraction of the sum of each Living Lab project. As shown
in Figure 6 GPICS is defined on the basis of six interrelated dimensions covering from the necessary

up to the capabilities of

(based on operational rules, business models and vertical and horizontal
collaboration strategies amori different roles in the supply chain) including , Which concern and
are relevantto a within the EU, which will allow the instantiation of the GPICS and the creation
of the PI Hubs Plan. As mentioned above, the GPICS also includes a set of key performance benchmarks

for the evaluation of different Pl scenarios, based in different combination of the
configuration capabilities of those scenarios.
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4.2 GPICS Dimensions

The “Geographic Area” is the first dimension of the GPICS definition. The geographical area defines the EU
regions covered by the case study and represents the main GPICS parameter. As it is detailed in section 5,
geographic area selection must be based on EU state members and its associated NUTS-2 regions classification.
The geographical area, which creates an instance of GPICS, has no limitations and can be as wide as required. It
can vary from an area or set of areas in an isolated member state of the EU, to all of Europe, through the
combination of a set of member states and a selection of regions within them. The only restriction for the
selection of a geographical area should be the availability of the Master Data Set for the selected EU member
states and regions. Actually, this is only a constraint but not a restriction due to Master Data can be simulated,
but the more real the Master Data associated with the geographic area is, the more precise the GPICS KPIs values
will be and the more valuable the values will be. The conclusions will be, based on the simulation models that
support and implement GPICS. This dimension is detailed in section 5 of this document.

The second dimension that composes the GPICS is the “Set of Master Data” associated with the geographic area
selected in the previous dimension. If the geographic area has been considered the initial parameter of the GPICS,
the master data sets are the rest of parameters which complement the scale and the European-wide scope of
the GPICS. This master data characterizes the current supply chains in the GPICS geographical area in terms of
specific ports, multimodal hubs, TEN-T corridors, urban distribution centers, population coverage, cargo/freight
load distribution, transport demand/flow, warehousing capacity, transport modes and frequencies, lead times,
taxonomy of T&L actors involved, etc.

The GPICS Master data sets are defined on either or both of the two levels at which the GPICS geographic area
is defined, that is, EU member and NUTS-2 region classification. The Master data sets represent a starting point
for the GPICS, which show the current movements of the supply chains and constitute the minimum necessary
data that allows the GPICS to work through the simulation models. At the same time, these sets of master data
are the basis of the definition of the scenarios, since many of them are configured through variations and
combinations of these input parameters, creating what-if scenario analysis. As it was mentioned above, real
Master Data Set should be available for the selected EU member states and regions. Actually, this is only a
constraint but not a restriction due to Master Data can be simulated, but the more real the Master Data
associated with it, the more accurate the GPICS KPIs values will be and the more valuable the conclusions will
be, from the simulation models which support and implements the GPICS. This dimension is detailed in section
6 of this document.

The core of the GPICS is the Modeling Kit, which consists of two dimensions. On the one hand, it includes the
“Modeling Components” and, on the other hand, the “Base Configuration Rules”. The modeling components are
a set of elements that represent physical elements in a Pl network, such as: Pl hubs/nodes, Pl corridors, Pl
containers, etc., as well as, a set of roles which interact and have an active participation in a supply chain in PI.
Amongst these roles, we can highlight: Pl sender, PI receiver, Pl transport & logistics service provider or Pl
network coordinator. These two dimensions are detailed in sections 7 and 8 of this document.

The fifth dimension which is part of GPICS, is the “Scenarios' Configuration Capabilities”, based on What-if
scenario analysis (WISA). WISA is a business planning and modelling technique used to yield various projections
for some outcome based on selectively changing inputs parameters. A scenario, in this context, is a potential
circumstance (i.e. parameter change) or combination of circumstances (i.e. combination of different parameters
changes) that could have a significant impact -- either positive or negative -- in an organization. A company can
use what if scenario analysis to see how a particular outcome, such as costs, can be affected by changes in
particular variables, such as late delivery of supplies or lack of availability of key personnel.

GPICS scenarios' configuration capabilities define those user-adjustable variables that modify the GPICS start
point (defined by master data sets) to measure and evaluate the impact in terms of the defined GPICS KPIs in the
next dimension of the GPICs in the Pl supply chains. GPICS scenarios’ configuration dimension provides the ability
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to define multiple scenarios based on the mater data, the modelling components and their basic configuration
rules, which represent the entire supply chain data. This dimension is detailed in section 9 of this document.

The last dimension of GPICs consists of a set of “Generic Key Performance Indicators”, which will allow a standard
and common evaluation of the performance of the Pl supply chains configured in the GPICS, between different
scenarios. The GPICs Key Performance Indicators have the mission to provide a comprehensive vision of the
impact of Pl with respect to the current situation and to be an instrument capable of shedding light on the
strengths and weaknesses of different Pl scenarios. These scenarios will be defined using the scenarios’
configuration capabilities included in the previous GPICS dimension and, subsequently, they will be simulated
through the GPICS simulation models implemented in WP2. The GPICS performance measurement system will
analyze the Pl supply chain at two different levels, on one hand, at individual level, that is, each actor in the
supply chain, and on the other hand, globally, that is, the supply chain as a whole. This dimension is detailed in
section 10 of this document.

4.3 GPICS Geographic Area Aggregation

The goal of this chapter is to describe in detail GPICS Geographic Area Aggregation dimension. As far as this
dimension is concerned, a comprehensive definition and description was provided since the initial release of the
document.

The geographic Area aggregation dimension of GPICS, establishes its scope and boundaries, as indicated by its
name, is the geographic area covered. The regions within this area will be those that will be part of the analysis
and studies through the definition of scenarios and Pl simulation models.

Considering that the final objective of GPICS is the creation of a Pl HUBS Plan to analyse and study different PI
scenarios using simulation technologies, the GPICS geographic area selection begins and allows the GPICS
definition process, since the Plan PI HUBS must be specific for a specific geographic area, oriented to its needs,
such as: freight flows, transport demand, warehousing capacities, transport availability, etc. This means that
geographic area establishes the main framework for the definition of GPICS and its associated HUBs Plan.

Once the geographic area within the GPICS scope has been determined, it can be configured and parametrized
initially using the GPICS Master Data, then it can be dimensioned in terms of main parameters (population,
freight flows, transport demands, etc.) and have a clear overview of its representativeness and European
dimension, extrapolate the results and draw conclusions based on GPICS KPls. The geographic area in the GPICS
is defined in two levels. The upper level represents the EU state members, while the lower level represents the
NUTS-2 regions (Nomenclature of Territorial Units for Statistics) that belong to the countries included in the top
level. The current NUTS classification lists 104 regions in NUTS 1, 281 regions at NUTS 2 and 1348 regions in NUTS
3 level. The NUTS classification (is a hierarchical system for dividing the EU’s economic territory in order to:

The collection, development and harmonisation of European regional statistics
Socio-economic analyses of the regions

o NUTS 1: major socio-economic regions

o NUTS 2: basic regions for the application of regional policies

o NUTS 3: small regions for specific diagnoses

The EU state members are in geographic areas that are too wide, so it is it is considered difficult to achieve
valuable results and conclusions focused only at this level. An additional level, in this case NUTS-2 level, gives the
GPICS the opportunity to have more detailed models at the same time that they could provide aggregate and
realistic values and figures in EU state members dimension.

The key reason why lower level of GPICS geographical area definition has been based on NUTS-2 classification is
due to the availability of a common statistical standard through the European Union, because the NUTS levels
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are geographical areas used to collect harmonized data in the EU. This assures the decoupling of GPICS and the
specific geographical area, thus creating a real generic Pl case study which can be instantiated on the basis of the
selected EU Members and their corresponding NUTS-2 areas.

NUTS-2 classification provides and supports the GPICS with additional advantages:

The NUTS-2 provides optimal geographical extension. While the country or NUTS-1 classifications are
too broad and the NUTS-3 regions are too small, in terms of supply chains, NUTS-2 provides the midpoint
between them.

The NUTS-2 classification generally reflects the territorial administrative division of the Member States,
which is generally aligned with the main logistics facilities and the origins and destinations of freight
flows.

The NUTS-2 classification provides common and uniform data with similar dimensions and levels of
aggregation across countries and regions, regardless of the geographical area selected that will allow
expanding the GPICS and its associated HUBs Plan from initial version (v1) to final version (v2).

The NUTS-2 classification has been used since 1988, so historical data are available, if necessary.

The NUTS classification can be modified, but in general no more than every three years. The changes are
generally based on changes in the territorial structure in one or more Member States, so the GPICS
continuity and the future validity of GPICS is highly guaranteed.

4.4 GPICS Master Data

The goal of this chapter is to describe in detail GPICS Master Data dimension. As far as this dimension is
concerned, a comprehensive definition and description was provided since the initial release of the document.

The dimension of GPICS Master Data Sets includes different information records associated with the geographical
area selected in the previous dimension. If the geographical area is considered the initial parameter of the GPICS,
the master data sets are the rest of the parameters that complement the scale and the European-wide scope of
GPICS. This master data characterizes the current supply chains in the GPICS geographical area in terms of specific
ports, multimodal hubs, TEN-T corridors, urban distribution centers, population coverage, cargo/freight load
distribution, transport demand/flow, warehousing capacity, transport modes and frequencies, delivery times,
taxonomy of involved T&L actors, etc.

The GPICS Master data set information can refer to either or even both levels in which the GPICS geographical
area is defined, that is, EU member and NUTS-2 region classification. If the information only refers to the
classification of the NUTS-2 region, an aggregation process must be carried out to obtain information at the level
of the EU member state. In case the information is only available at the higher level, a disaggregation process
based on a distribution methodology in proportion between the NUTS-2 regions should be carried out.

The Master data sets represent a starting point for the GPICS definition in terms of size and configuration,
showing the current movements of the supply chains and constitute the minimum necessary data that allow
GPICS to work through the simulation models. The additional configuration information for simulation models
comes from the location and routing algorithms from task T1.3.

Additionally, master data sets are the basis for the scenario’s simulation definition, since many of them are
configured through variations and combinations of these input parameters creating what-if scenario analysis. As
it was mentioned above, the real set of Master Data should be available either for the selected EU member states
or for their NUTS-2 regions. Actually, this is only a limitation, but not a restriction because the Master Data can
always be simulated, but the more real the Master Data associated to the geographical area is, the more precise
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the KPIs values of GPICS will be and the more valuable will be the conclusions, obtained from the simulation
models which support and implements the GPICS.

The GPICS Master Data Sets can be classified according to two criteria, the function in the framework and its
origin. According to their function in the GPICS, the data sets can be classified into two categories, data for the
GPICS dimensioning and data for the GPICS configuration.

The dimensioning data provides an overview of the scale at European-wide scope of the GPICS. Typical
data within this category are for example: population, number of ports or multimodal terminals, market
share of logistics service providers, etc.

The GPICS configuration data sets are those that provide a kind of background information related to the
Pl network, such us the transport flows that must be managed by the Pl components (Pl Hubs, Pl Movers,
etc.) and computed in simulation models, or static data, such as logistics and transport costs, transport
emissions or logistics activities of the carbon footprint. The GPICS base configuration data is
complemented by data derived from the instantiation of the base configuration rules defined in the
GPICS Modelling Kit (e.g. levels of HUBS, transport modes) and the application of the methodology and
the algorithms resulting from the "T1.3 Pl Network optimization strategies and hub distribution policies"
(positions of PI HUBS and the PI network based on the configuration of the basic connections).

Regarding the origin, the master data sets can be classified as real or simulated data. The real data in turn can
be public/open or private data. Open data are pieces of information from statistical sources of information or
research and study processes, while GPICS private data is information from members of the ICONET consortium,
who lead or participate in any of the living labs. Public and private data are complementary and the latter can
refine the former or even allow the configuration of more precise and specific scenarios for the assessment of a
specific circumstance in a particular company.

The following table summarizes the master data sets included in the GPICS Framework and their classification
according the two defined criteria.

Table 2: GPICS Framework master data sets

m PUBLIC/PRIVATE SIZING/CONFIGURATION
_ PUBLIC SIZING/CONFIGURATION
_ PUBLIC/PRIVATE SIZING/CONFIGURATION
_ PUBLIC/PRIVATE CONFIGURATION
_ PUBLIC/PRIVATE CONFIGURATION
m PUBLIC/PRIVATE CONFIGURATION
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_ PUBLIC/PRIVATE CONFIGURATION

PUBLIC/PRIVATE CONFIGURATION

From the simulation models perspective, and to make possible the different simulation models to implement
and execute functionalities, additional and specific information may be necessary.

4.5 GPICS Modeling Components

This section details the components defined in the GPICS framework to model the PI physical elements,
considering diversity of elements, different levels of complexity and considering the Living Lab and Logistics
industry needs. There are different types of Pl physical elements approaches in the literature. As far as this
dimension is concerned, a comprehensive definition and description was provided since the initial release of the
document. Section 7.2 has been completed from the initial version with the correspondence of GPICS HUBS
hierarchical structure and the requirements of all LL since in the initial version two the Living Labs were not
enough developed. Section 7.7 has been slightly redefined and widen in this second release of the deliverable.
In this version, different levels of detail and sophistication have also been included in the definition of the
modeling components, taking into account the needs of the project partners. As shown in Figure 7, [2] Montreuil,
Meller and Ballot (2010) proposed three key types of physical elements as enablers of Physical Internet: the PI
containers, the Pl nodes and the Pl movers.

:n:-containers :n:-nodes Jt-movers
M » x-shte * n-transit « x-vehide
» n-facilities = x-switch * x-boat
X = x-system = x-bridge * x-!ocomotive
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Figure 6: Types of physical elements

Pl containers are described by Montreuil, Meller and Ballot (2010) in [2] as the unit loads that are manipulated,
stored, moved and routed through the systems and infrastructures of the Physical Internet. Physical Internet
containers come in modular dimensions, that means their approach is they must be logistics modules
standardized worldwide and defined according to open norms.

© ICONET, 2020 Page | 25




D1.9 Generic PI Case Study and associated Pl Hubs Plan Final

In the Physical Internet, Pl containers are generically moved around by Pl movers. Moving in this context is used
as a generic equivalent to different logistics and transport activities or processes such as transporting, conveying,
handling, lifting and manipulating. The main types of Pl movers include PI transporters, Pl conveyors and Pl
handlers. The latter are humans that are qualified for moving Pl containers. All Pl movers may temporarily store
Pl containers even though this is not their primary mission.

Pl nodes are defined by Montreuil, Meller and Ballot (2010) in [2] as locations expressly designed to perform
operations on Pl containers, such as receiving, testing, moving, routing, sorting, handling, placing, storing,
picking, monitoring, labelling, paneling, assembling, disassembling, folding, snapping, unsnapping, composing,
decomposing and shipping Pl containers. They propose a variety of Pl nodes delivering services of distinct
natures, from the simple transfer of Pl carriers between Pl vehicles to complex multimodal multiplexing of Pl
containers.

Generically, the Pl nodes are locations that are interconnected to the logistics activities. The activities at a PI
node may affect physical changes, such as switching from a transportation mode to another. They may result in
contractual changes for the Pl containers. To each Pl node is associated at least one event for each Pl container
to ensure traceability of its passage through the Pl node.

The Pl nodes are publicly rated on a number of key attributes, such as speed, service level adherence, handled
dimensions of Pl containers, overall capacity, modal interface and accepted duration of stay. Clients will use this
kind of information for decision making relative to Pl container deployment. Other pertinent Physical Internet
entities will also exploit it for routing purposes, through the Physical Internet routing protocol.

Generically, Pl nodes conceptually encompass Pl sites, Pl facilities and Pl systems that are respectively sites,
facilities and systems designed to act as physical nodes of the Physical Internet. Usually, Pl sites include PI
facilities and external Pl systems, while Pl facilities contain internal Pl systems.

The Pl node types proposed by Montreuil, Meller and Ballot (2010) in [2] vary in terms of mission orientation,
scope and scale, as well as in terms of capabilities and capacities, however all have in common that they are
explicitly specialized to deal with Pl containers at the physical and informational levels. The main types of PI
nodes include p-transits, p-switches, p-bridges, p-sorters, p-hubs, p-composers, p-shops, p-bridges.

In [4] Sarraj and Montreuil (2014) proposed a set of physical elements by establishing an analogy between the
Digital Internet and the Physical Internet and expressed through three main characteristics: the interconnection
of networks, the structure of the network of networks and the routing of objects through networks.

While the structure of the networks of networks is directly connected with architectural aspects such as regions,
areas, etc. and the routing of objects across networks is related to the physical transport operations (such us
loading, unloading, composition, etc.) and the decisions for the selection of next destination for the Pl containers,
the interconnection of networks is the key domain which defines the physical elements.

The idea of the Pl is to interconnect all logistics service networks through the transposition of the principles of
the Internet. Therefore, the objective is the universal interconnection of the logistics networks.

Sarraj and Montreuil (2014) in [4] argue that while the Digital Internet networks have the following physical
elements: cables, hosts and routers, the Physical Internet faces a more complex reality in terms of the physical
elements. Figure 8 shows the physical elements proposed by Sarraj, Ballot et al Sarraj and Montreuil (2014) in
[4], and its correspondence with Digital Internet.
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Figure 7: Analogy between Digital Internet routers and Physical Internet Hubs.

Sarraj and Montreuil (2014) in [4] raise that, physically, a logistic service is carried out in accordance with a
transport service based on a network consisting of nodes (including distribution centres, warehousing, plants,
etc.), arcs to define the means of transfer of goods by means of freight services (road, rail, maritime service, etc.)
and the final shippers/receivers (companies, organizations or individuals). Applying the Internet analogy, a
shipper sends his merchandise to a nearby node that manages it, stores it and sends it to its destination through
one of the numerous accessible logistics plans. For this purpose, as in the case of Internet data, the merchandise
is encapsulated in the form of standardized packets: Pl containers.

Based on the current state of the art of the research of modelling Pl physical elements and with the valuable
insights from ICONET's forums and living labs, ALICE cluster and Advisory Board of the project, a new approach
of modelling components has been defined. GPICS makes an abstraction of a real Pl world system by creating a
conceptual model and such a representation must be defined by four fundamental parts: lexical, structural,
procedural and semantic. In this regard, the GPICS modelling components cover and support two of these parts
of the representation. On the one hand, the lexical part of the representation, which deals with the description
of the symbols allowed in the vocabulary of representation, and on the other hand the semantic aspects of the
representation that establish a way of associating meaning with the descriptions. This is one of the reasons why
the GPICS modelling components are considered a fundamental part of the ICONET's GPICS framework.

The GPICS modelling components are designed to allow the composition of a generic Pl network trough standard
modelling elements. Through the appropriate configuration, these elements represent different types of supply
chain flows. The structure of the generic model consists of the following main elements:

Table 3: GPICS modelling components

. Unit load manipulated, stored, moved and routed through the systems and
GPICS Container . .
infrastructures of the Physical Internet.

GPICS Node/Hub Loc.a'Fn.)n specifically f:ie5|gned to carry out logistics and transport processes and
activities on Pl containers.
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GPICS Transport Moving element used to carry Pl containers through the Pl nodes/hubs.

GPICS Corridor Connection between two Pl Nodes/Hubs directly connected.

Set of GPICS corridors which connect a GPICS Node origin and a GPICS Node
destination.

GPICS Route

GPICS Network Set of containers, nodes, movers/transport, corridors, and routes.

GPICS Roles Actors/Agents involved in the operation of the Pl Network.

The following sections describe in detail each of the GPICS modelling components.

4.5.1 GPICS Container

The GPICS container represents load units that are manipulated, stored, moved and routed through the systems
and infrastructures of the Generic Physical Internet Case Study.

The PI container is a key element of the Physical Internet and therefore a lot of research and design work have
to be conducted in order to define them for the best fit with “movers” and treatment in “nodes”. The container
has been central to the Physical Internet since its origins, due to the analogy to the Digital Internet [2]. By simile
with data packets, the goods are encapsulated in modularly dimensioned easy-to-interlock smart containers,
called Pl-containers, designed to efficiently flow in hyper-connected networks of logistics services.

The ubiquitous usage of Pl containers is to allow any logistics service provider to handle and store products of
any company, since it will not handle or store the products by itself. The Pl container is the load reference unit
for moving products within the Pl network. This GPICS modelling component is of fundamental importance from
the simulation perspective. Each Pl container will be an especial Agent that can be transported, handled or
delivered. The Basic information that defines a GPICS container is the following:

Table 4: GPICS Container basic information

idContainer Unique identifier of the GPICS container through the Physical Internet

idOrigin Unique identifier of origin node in the GPICS network

idDestination Unique identifier of the destination node in the GPICS network

idSender Unique identifier of the sender of the container. The initial owner of the products.
idReceiver Unique identifier of the receiver of the container.

CSIVE AR ENYENS Maximum delivery time

SNV YIS Minimum delivery time

GPSLatitude Latitude GPS coordinates

GPSLongitude Longitude GPS coordinates
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From the simulation models perspective and to enable the execution of the different simulation models,
additional and specific information could be required for the GPICS container.

4.5.2 GPICS Node/Hub

One of the key modeling components developed in the ICONET project is the Generic Hub, as the main element
from the Generic Physical Internet Case Study (GPICS). The Generic Hub represents a node in the PI network,
where goods are stored, transferred or manipulated between movements. The GPICS HUB, can also be referred
as Generic Hub, since it can potentially have all the necessary functionalities in a Physical Internet network. In
order to create an instance of the GPICS framework to define a specific case study, the GPICS HUBS allow the
ability to have different functionalities that map the behavior of the real logistics hubs.

According to the literature review Sarraj and Montreuil (2014) [4] and Montreuil (2011) [5], the basic
functionalities defined in ICONET GPICS framework for the Generic HUB include the following:

Source: functionality that creates a new Pl Container in the corresponding GPICS Hub

Sink: functionality that removes an existing PI Container in the corresponding GPICS Hub

Assembly: functionality that merges existing Pl Containers into a new Pl Container in the corresponding
GPICS Hub

Split: functionality that divides an existing Pl Container into several Pl Containers in the corresponding
GPICS Hub

Queue: functionality that queues up an existing Pl Container for a limited period of time in the
corresponding GPICS Hub

Store: functionality that stores an existing Pl Container during agreed upon target time windows in the
corresponding GPICS Hub

Switch: functionality that transfers uni-modally Pl containers from an incoming Pl Mover to a departing
Pl Mover in the corresponding GPICS Hub

Bridge: functionality that transfers multi-modally Pl containers from an incoming Pl Mover to a departing
Pl Mover in the corresponding GPICS Hub

Sort: functionality that receives Pl Containers from one or multiple entry points and sorts them so as to
ship each of them from a specified exit point in the corresponding GPICS Hub

Gateway: functionality that receives Pl Containers in the corresponding GPICS Hub and releases them so
they can be accessed in a private network not part of PI.

These functionalities, included in the GPICS framework for the GPICS Hubs can be instantiated, this means can
be activated or not, for different Hubs in each GPICS definition and they should be implemented in the
simulations models accordingly and using the simulations capabilities. The goal of the GPICS is to make a
representation of a Pl supply chain network based on the four Key PI capabilities which correspond to a different
LL within ICONET. The definition of the GPICS Hub is part of this abstraction process. In this sense, the Generic
Hubs contribute, on the one hand, to the simplification and approximation, and on the other hand to the
representation, and description of the Pl supply chain.

Simplification and approximation are made through the approach that each Generic Hub has an area of influence.
This means that, for example, if there is a Generic Hub in a certain Location, each GPIC Order that is delivered
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near this Location, its destination will be the Generic Hub in the area of influence. The area of influence of a
Generic HUB can vary from 50 to 300 kilometers, according to different criteria, such as the population density
of the real logistics facilities in that area.

50N

o=

Figure 8: GPICS Hub area of influence representation

GPICS has to address and bring together the requirements of the four Living Labs. As part of the abstraction
process and taking into account the specificities of each of them, the representation and description are made
through the creation of a hierarchical structure and the dependency of the GPICS Hubs. More specifically, a three-
level structure (due to the maximum levels required by LL) of HUBS has been defined. Therefore, when defining,
each Generic HUB belongs to L1, L2 or L3, in the instantiation process for a specific generic definition of a case
study. The dependency is based on a simple rule: a L2 Hub depends directly on a L1 Hub and a L3 Hub depends
directly on a L2 Hub. Indirectly, a L3 Hub depends on the corresponding L1 Hub.

This allows to address the specific requirements of the living labs and matches the Hub & Spoke methodological
approach defined in T1.3 that will be used to define the Generic Hubs Plan in the GPICS definition.
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Figure 9: GPICS three-level structure of HUBS

The correspondence between the Living Labs requirements and the hierarchical structure of Generic Hubs is
shown in the following table:

Table 5: Correspondence of GPICS HUBS hierarchical structure and LL requirements

PI HUB PORT MULTIPLE PI
GATEWAY HUBS IN THE
BLACK CENTRAL
COUNTRY CORRIDOR GROM
WAREHOUSE ~ WAREHOUSE AN
DESTINATION
INTERNAL PI HUBS IN THE
REGIONAL BUNDLING AREA CORRIDOR GROM
NOS=2 Salel? WAREHOUSE ORIGIN TO
DESTINATION
DEEP SEA TERMINAL Pl HUBS IN THE
URBAN POINT OF SATELITE CORRIDOR GROM
DELIVERY WAREHOUSE ORIGIN TO

DESTINATION

© ICONET, 2020 Page | 31




D1.9 Generic PI Case Study and associated Pl Hubs Plan Final

© ICONET, 2020 Page| 32



D1.9 Generic PI Case Study and associated Pl Hubs Plan Final

e Pl store node: This node allows you to perform temporary storage operations. Storing containers during
agreed upon target time windows.

e Pl gateway node: This node is an entry point to the rest of the Pl network. Receiving containers and
releasing them so they and their content can be accessed in a private network not part of the Physical
Internet, or receiving containers from a private network out of the Physical Internet and registering them
into the Physical Internet, directing them toward their first destination along their journey across the
Physical Internet.

In the Physical Internet deployment, it is possible to find nodes that perform only one of these functions. It is
also possible to find facilities that perform several functionalities in the same place. For instance, in some of the
warehouses it is possible to realize "store node" actions and "sorter node" actions.

4.5.4 GPICS Link

The GPICS Link modelling component also helps to do its bit in the GPICS abstraction process. The links between
two GPICS Hubs, made by the modelling component of the GPICS Link, enable the representation of many
different configurations of connections.

The existence of a Link, from an origin to a destination, implies that a transport between these two Pl Hubs is
potentially possible. To make a transport reality, this Link must be configured in at least one GPICS route with at
least one GPICS Move/Transport, it must be configured in that route and with parametrised stops in those two
GPICS Hubs. The basic information that defines a GPICS Link is the following:

Table 7: GPICS Link basic information

idLink Unique identifier of the GPICS Link in the Physical Internet
idNodeStart Identifier of the origin node of the Link

idNodeEnd Identifier of the destination node of the Link

typeLink Link type according to the selected transport mode (road, rails, sea...)
attCapacity Attribute to indicate the capacity of the transport.

attCongestion Increment of the transit time due to external incidences.

atTransitTime Average trip duration from start to end of the link

From the perspective of the simulation models, in order to implement the functionalities and execute the
different simulation models, additional and specific information may be necessary for GPICS Link.

GPICS Link details

The general characteristics of each of these links can be extended by special features as shown in the following
list:
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e Congestion: Depending on the corridor type, transports could face with delay issues due to congestion
on it.

e Weather conditions: Weather conditions can affect to transports in the corridor, reducing their
maximum speed or stopping the traffic on it.

e Taxes/Toll: in some corridors some kind of tax is needed to use them (tolls in some highways, time slots
in railways...)

e Link Quality: Information on the state of the connection, such as bumps, dirtiness, construction work...

With this type of properties, the PI model could include elements like a oad node connection for
connections between cities, normally used by trucks of different types and vans. transport routes
for access and distribution of freight in cities. Currently, big cities are under strict access controls for certain types
of vehicles due to environmental policies. In addition to distance, its main characteristic is congestion and the
type of vehicle it allows to circulate (electric, pedestrian...). ailway connections between the main
nodes of a region in general, they refer to the railway tracks for freight. They may be travelled by different types
of trains. In addition to cargo stations, they have a special type of node for the classification of wagons "bundling
nodes”.

4.5.5 GPICS Route

The GPICS Route modelling component is a set of GPICS Links that connect two GPICS Hubs, a source and a
destination. These two GPICS Hubs do not have to be directly connected. This is where the great difference lies
between the GPICS Link and GPICS route lies.

The GPICS Route modelling component also contributes to the GPICS abstraction process. On the basis of the
defined GPICS Links, a grouping of GPICS Routes can be defined, some of them matching existing real routes
(those of long distance, such as TEN-T Corridors or Motorways of the Sea), those of medium distance, (as milk
routes between different warehouses or logistics facilities. or short distance routes like urban delivery paths)
and some of them, simulated routes in the definition of the specific generic case study. Each GPICS Route also
defines its allowed stops, since a route can traverse a set of GPICS Hubs, but it may not stop at all of them. The
basic information that defines a GPICS Route is the following:

Table 8: GPICS Route basic information

idRoute Unique identifier of the GPICS Route in the Physical Internet
listLinks List of Links included in the route

listStops List of stops included in the route

From the perspective of the simulation models, in order to implement the functionalities and execute the
different simulation models, additional and specific information may be necessary for GPICS Route.
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4.5.6 GPICS Transport

The GPICS Transport modelling component represents the means of transport used to carry GPICS containers
through the GPICS Network infrastructures, which are made up of GPICS Nodes/Hubs and the GPICS Links which,
in turn they form the GPICS Routes.

GPICS Transport is also a recurrent physical element present in Physical Internet since its origins, according to
Montreuil, Meller and Ballot (2010) [2] Pl — movers , convey or handle containers within and between nodes of
the Physical Internet.

As in the case of others GPICS modelling components, GPICS Transport brings a level of abstraction to the case
study definition. A GPICS Transport can represent a specific and existing mean of transport between two points
(i.e. a freight train with a fixed timetable and schedule stops) but it can also represent a generic moving element
between an origin and a destination (two GPICS Hubs) aggregating different existing transport alternatives in
terms of total capacities, average lead times, etc. In the same way it can also represent a simulated mean of
transport supporting the movements through the connections generated as consequence of application of
outputs of T1.3. The basic information that defines a GPICS Move/Transport is the following:

Table 9: GPICS Transport basic information

idMover Unique identifier of the GPICS-mover through the Physical Internet.
typeMover Identification of type of transport: Generic, Road, Rail, Ship.

idPath Unique identifier of the GPICS route followed by the Mover.

Identification of the type of frequency of the transport: As needed, Daily, Weekly, Non-
Stop, OnlyOneTrip.

typeFrec

attCapacity Attribute to indicate the capacity of the transport.

attFillingRate Attribute to indicate the filling rate of the transport.

From the perspective of the simulation models, in order to implement the functionalities and execute the
different simulation models, additional and specific information may be necessary for GPICS Transport.

GPICS Transport details

In addition to the common characteristics, specific attributes can be included in some of the models used to
identify the special characteristics of specific transports.

e Transport type: truck, train, barge, delivery van, etc. Each transport type has its own properties and
constraints.

e Capacity: Depending on the transport type and the minimum cargo size, max capacity of the transports
will vary.

e Frequency: Frequency of repetition of the trip, for example weekly, fortnightly or daily.
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e Max travel time per day (tachometer): in certain type of transports, a maximum time of travelling is
allowed in a single day, to ensure safety. That can limit the distance travelled a day and enable a higher
accuracy on simulation models.

e Delay patterns. Probability of having delays. Amount of time delay.

4.5.7 GPICS Network

The GPICS network represents a universal, open and collaborative Physical Internet network for a case study
definition. The GPIC Network is not in itself a new or additional modelling component of the GPICS. The GPIC
Network is formed by, and it is the result or the consequence of the rest of the modelling components: GPICS
Containers, GPICS Hubs, GPICS Movers/transport, GPICS Links and GPICS Routes. Altogether, each of them with
its basic information properly configured, make up the GPICS Network.

Due to the abstraction of the GPICS Framework, part of the GPICS Network may represent a long-distance Link
such as a TEN-T corridor, linking Level 1 GPICS Hubs, but it may also represent a Pl urban logistics (e-Commerce
Fulfilment) Network, linking Level 2 or Level 3 GPICS Hubs for last mile delivery.

4.5.8 GPICS Roles

To have a complete description of a Generic Case Study framework, the different roles involved in Pl operations
should be described. These roles are less critical in a generic definition of case study but are relevant in terms of
the number of freight forwarders or final recipients involved in a case study. These players can have different
roles, depending on the activity that they perform on the network.

The implementation of the actions of these roles, in the simulation models, will depend to a great extent on the
simulation technology.

The first version of the GPICS defined an initial set of Pl roles according to the information on the literature and
on the state of the art of reference models and Pl foundations taken into account.

This second release of the GPICS slightly redefines these roles as a result of the interaction of the GPICS with the
Living Labs and the external insights from experts obtained due to the ICONET participation in the IPIC - 2019,
6th international Physical Internet Conference.

This role is the abstraction of a person or company that creates a GPICS Order and, therefore, activates the flow,
that is, the movement of goods through the GPICS Network (GPICS Hubs, GPICS Movers and GPICS Links) by using
the corresponding functionalities. This role has the initial information about the destination of the products and
the delivery time interval.

This role is the abstraction of a person or company to whom a GPICS order is delivered. In general, it is not a very
active role, which could, at most, establish the allowed interval for the delivery time (delivery time window) but
anyway, to have a complete description of a GPICS, the receiver must be defined.

This role has the responsibility of moving containers through the network and also of carrying out the handling
operations with the containers. In the Pl framework, traditional transport companies, single mode transport (e.g.,
road, train, or ship) could coexist with intermodal companies. Intermodal freight transport involves the transport
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of freight in an intermodal container or vehicle, using multiple modes of transport (e.g., rail, ship, and truck),
without any handling of the freight itself when changing mode.

Logistics service providers (also known as Third-party logistics providers) typically specialize in integrated
operations, warehousing, and transport services that can be scaled and customized to customers' needs based
on market conditions, such as the demands and delivery service requirements for their products and materials.

Some actors involved in international transport operations that could belong to this role are the following:

] : Is responsible for the physical execution of the transport of goods on
behalf of others, for which it has its own fleet, or in many cases subcontracted, of portfolio vehicles,
Esponding the load to the shipper.

: They carry out the air transport itself, leaving the commercialization in the hands of
freight forwarders-freight agents.

] : Urgent "door to door" transport of documents and small packages, national and
international. It includes the collection at the sender's address and the delivery at the recipient's
address, in addition to the different transport sections, in which more than one mode can be used,
in order to minimize the time period for the entire process.

] : Companies that develop courier activity, serving each and every one of the transport
chain segments, with their own means.
] : Company in charge of the physical execution of maritime transport. Also called

"shipowner." In tramp traffic, its only task is this in most cases, since even stowage / unloading and
loading / unloading operations are usually carried out by the loader.

o The service offered is "port to port" or "FIOS freight", which is the most common condition
in tramp freight traffic per trip. In liner traffic, the shipping company is generally the owner
of the vessels and containers. The marketing of your wineries can be done directly through
your own local agencies, delegations or indirectly through freight forwarders.

] : Operator responsible for the physical execution of railway transport, for which he
has the necessary means: traction elements, wagons or platforms, etc

This is one of the most important roles in the Pl framework. This role has the responsibility of different activities
such as: make the handling operations or the temporal storage of the containers. Moreover the node also
manages the connections with the nearest nodes in the Pl-network so that, the node operator plays an important
part in the making decision process (e.g. routing, next step, etc.) and has to handle highly detailed information
about the transports involved, current tariffs or delays and congestion situations.

Some actors involved i international transport operations that could belong to this role are the following:

: Due to the technical peculiarities of air transport, the operation of the handling
agent is required, who receives the cargo at the airport and prepares it properly for its subsequent
boarding and flight. A distinction is made between terminal and ramp handling agent, the first being
in charge of receiving and preparing the goods and the second for transporting the plane and

boarding.

] : Carries out the loading / unloading operations of the merchandise at the port. It can be
contracted by the charterer or by the shipowner, depending on the conditions of the charter.

. : Operator that covers transport, traction, storage, auxiliary transport

services, transit, customs, physical distribution functions, handling, splitting and groupage, labeling,
packaging and cargo preparation, the organization of systems of information and flow management,
reaching commercial operations such as billing and chartering and other logistics engineering
services.
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In [6] Sallez, Pan, Montreuil, Berger and Ballot (2016), make a description of some communication and decision
capabilities needed to be executed by Pl containers or coordinators. For example, a decision-making capacity: PI
containers must be able to make decisions autonomously, for example, ultimately determine the optimal
transport route from an origin to a destination at the network level, or optimize movements of classification and
handling at the Pl Hub level. Communication capabilities: these capabilities are important for traceability and
condition monitoring problems.

In the simulation model, all these capabilities must be centered on one type of Coordinating Agent. This agent
can have an overview of the state of the system and can provide answers to the decision question of other agents
(such as containers o transports). In the simulation model, all these decisions are centralized in one agent, but in
the real world, this decision could be distributed through different elements if there is interconnectivity between
them.

This role can also monitor the Pl network performance and trigger alarms in case of low performance situations
of certain Pl components: Pl nodes, Pl routes, Pl movers, etc.

Some actors involved in international transport operations that could belong to this role are the following:

: acts as an organizer of the international transport of goods in any of its nodes (air,
road, rail, sea or intermodal), including all the operations that this entails: transport contracting, customs
operations, packaging, consolidation and deconsolidation of goods, warehousing, insurance, banking
and documentary procedures, etc. The activity of the forwarding company, marketing and coordinating
all types of transport, focuses especially on groupage transport. The freight forwarder, as a service
company in international transport, can be an IATA agent (International Air Transport Association), a
specialist in air cargo transport, a consolidating agent in all modes of transport, a road transport agency
and a multimodal transport operator. When the freight forwarder carries out its activity in the field of
air transport, it is called air cargo agent. They market the warehouses of the airlines, constituting the air
iargo distibution system, and coordinate the demand for air transport with the offer