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EXECUTIVE SUMMARY

Executive Summary

In an industry still marked by territoriality and insufficient
collaboration, SELIS (Shared European Logistics Intelligent
Information Space), a flagship European Commission
funded research project, was set up to address the
challenges associated with siloed logistics chains, and
more specifically:

Technology
as an enabler
of trust and
collaboration
in logistics
communities

(1) to expediate collaboration and information sharing
between logistics stakeholders,
(2) to provide an open architecture and infrastructural
components that are easy to be used by T&L companies
of all sizes, enabling close to a plug-and-play approach to
connect, share and optimise supply chains, and
(3) to facilitate real-time availability of information across
the industry.

>> The SELIS project is part of the European Union’s
Horizon 2020 Research and Innovation Programme
addressing the Call MG-6.3-2015 Common Communication
and Navigation platforms for pan-European logistics
applications.
•
•
•
•
•
•
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EXECUTIVE SUMMARY

SELIS embraced a wide spectrum of logistics
perspectives and created a unifying operational
and strategic business innovation agenda for
Green Logistics:

>> European Green Logistics Strategies (EGLS)
SELIS supports key T&L strategies and strategic
capabilities. The EGLS strategies have been applied
to a variety of domains, including container logistics
and urban distribution. In SELIS, Synchromodal

>> A trusted data layer with built-in industry
knowledge

Transport is the core strategy, aiming to improve

The SELIS project has built a scalable ICT infrastructure

visibility through synchronised deployment of logistics

for logistics applications, comprising a directory of

resources in a collaborative way. Beyond that, SELIS

collaboration models and open sourced components

strategies and strategic capabilities implemented as

enabling stakeholders in the logistics sector to create

services and solutions deployed in the SCNs include

and

systems

the Collaborative Risk and Value Sharing, Visibility and

referred to as Supply Chain Community Nodes (SCNs).

Corrective and Preventive Actions (CAPA), SC Financing,

Operations can be optimised using the SELIS Big Data

KPIs and Environmental Performance Management, SC

Analytics module with built-in algorithms in the form

Optimisation, e-Compliance and Customs.

maintain

"federatable"

collaborative

performance (particularly environmental) by exploiting

of "Recipes". Such provision of pre-packaged industry
demand with available resources, accurately estimates

>> SELIS Living Labs unlock new efficiencies
and improve performance

cargo’s arrival time, optimises routes and ultimately

The results of eight SELIS real-life testing environments

increases operational efficiency. The use of blockchain

(Living Labs) spread across different types of logistics

technology can be used to enhance the trusted data

communities throughout Europe have showcased very

layer, by establishing a single shared view of a transaction

positive environmental impact and measurable economic

without compromising details, privacy or confidentiality.

benefits. They have demonstrated how SCNs provide a

knowledge and predictive analytics matches transport

solid foundation for data sharing in a trusted, safe and

>> Building new corridors and facilitating intercorridor collaboration

transparent environment which enables all parties to

SELIS SCNs can be federated to facilitate not just

The majority of Living Labs demonstrated improvements

collaboration within a logistics community but across

in data management and transport visibility, better

communities. There is always some unused capacity

utilisation of vehicles (trucks, barges or wagons) and

between communities and sharing this information

reduced CO2 emissions.

maintain full control over commercially sensitive data.

between SCNs in a standardised format would further
optimise the utilisation of transport resources. What

>> Synchromodality in action

emerges is a great potential for a global logistics

Through Living Labs use cases, SELIS has also helped

information space with strong supply chain communities

validate the concept of synchromodality in practice,

driving efficiencies of existing and new transport corridors

specifically by achieving new synergies between supply

as well as stronger cross-corridor collaboration. We have

chain actors with the help of technology. Synchromodality

already seen evidence of this in the Port of Rotterdam

requires systematic coordination between stakeholders

Living Lab where the West-Brabant corridor is seeing a

along the transport chain and information sharing about

much higher degree of modal shift compared to other

all available transport modalities in real-time in order to

connections in the region, and stronger integration of

switch between transport modes (water, rail and road)

deep-sea and inland waterways.

in the most effective and environmentally friendly way.
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SCN

Supply chain actors across
Europe and globally need a
secure and trusted vehicle to
share data and information for
better horizontal and vertical
supply chain collaboration and
optimisation.
Takis Katsoulakos, SELIS Coordinator, MD Inlecom Systems Ltd

CHAPTER 1

Background and
Business Context
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BACKGROUND AND BUSINESS CONTEX T

1.1 Towards Smart, Green and
Integrated Transport and Logistics
Transport and Logistics (T&L) is a major component of
modern production and distribution systems and a key
contributor to macroeconomic development, accounting
for over 10% of Gross National Product (GNP) in most
countries.

10

%

T&L sector represents
approximately 10% of
global GDP annually.

The T&L sector is experiencing substantial

From a macroeconomic perspective, the

change, influenced by factors such as

Commission’s strategic vision for Europe

globalisation,

also

smart

specialisation,

recognises

that

the

T&L

sector

population growth, business competition,

represents approximately 10% of global

and consumer interest for products from

GDP annually, with substantial potential

all over the world. The sector is also heavily

for

influenced

expectations

incentivise new value imperatives. Logistics

for fast goods delivery, with increased

is also one of the most dynamic sectors of

flexibility, at low or close to zero delivery

the EU economy, contributing to economic

charges. Alongside this, the growth of

growth and international competitiveness.

e-commerce has incited digitalisation in the

Europe is currently a leader in logistics and

T&L sector where, over the past decade,

with the steady growth in freight volumes

technological advances have been exploited

throughout Europe, the long-term forecast

and integrated across the T&L value chain as

is 80% growth in freight transport by 2050.

a whole to minimise Supply Chain (SC) dwell

With this predicted growth, a pertinent and

times and costs.

ongoing challenge is to raise the efficiency

by

customer

innovation-led

initiatives

that

can

and competitiveness of the logistics sector
This, in turn, has driven an increasingly

while reducing environmental impacts.

competitive landscape where a growing
number of SC actors are striving to optimise

Sustainability of the logistics sector is

their SC and T&L configurations, often

challenged by its energy consumption and

differentiating

their

GHG emissions. Our economies benefit from

customer segment, to achieve more efficient

international trade – estimated by the WTO

and fine-grained control over their SC

at 19 trillion dollars in 2018. This benefit

performance, as well as better economic,

however, comes at a cost - transporting

operational and environmental performance.

goods around the globe generates 8%

them

according

to

BACKGROUND AND BUSINESS CONTEX T

of global CO2 emissions according to the

of the SC, as well as patchy views of their

International Transport Forum. In order

logistics businesses which are difficult,

to reduce emissions, logistics actors have

or perhaps impossible, to reconcile and

started

unify

to

implement

environmentally

into

one

consolidated

business

friendly collaborative strategies addressing

perspective. Modern strategies frequently

SC

transport,

require reactive and proactive coordination

consolidation of deliveries and reverse

based on information exchanges between

logistics.

collaborating actors, to optimally match

integration,

multimodal

transport demand with available logistic
However, the sector has several challenging

resources.

inefficiencies – e.g. a context where only

monitoring of SCs, generating vast amounts

some 10% of the logistics services are

of

represented by pure transport services and

analysis in order to support tactical and

the balance of 90% represented largely

strategic decision making, creating winning

by inefficiencies in matching demand and

advantages for shippers and LSPs and also

supply of goods and low utilisation of T&L

for involved authorities, especially customs.

data,

This
and

necessitates
requiring

real-time

sophisticated

resources (such as empty journeys, idle
times, loading and unloading). Consequently,

Owed to the above context, the European

underpinning the EC’s strategic vision is the

Commission’s (EC’s) strategy for Smart,

acknowledgment that ICT-driven innovation

Green and Integrated T&L, highlighted

to current date has been hindered by legacy

the need for a common communication

T&L ICT management systems and solutions

and navigation platform for pan-European

that have evolved incrementally (and often

logistics. Likewise, a central goal asserted

in bespoke ways) over many years to yield

by the EC was to boost the competitiveness

a highly fragmented cross-sectoral logistics

of European T&L industries and to achieve a

ICT landscape across the European SC

European transport system that is resource-

sector.

efficient, environmentally friendly, as well
as secure and seamless for the benefit of

This challenging context largely led in the

all citizens, the economy and society. This

prevailing T&L ICT solutions that are (today)

strategy recognises that advances in the

deeply rooted in legacy technologies and

sector have evidenced new international/

incompatible Electronic Data Interchange

intermodal repositories and data pipelines

(EDI) systems that evolved over many years,

being created, management systems being

and which have not been designed nor

deployed, and new data mining capabilities

redesigned in the context of anticipating or

being developed to power data-driven

supporting collaboration logistics models

innovation.

nor cross-sectoral collaboration within or
outside Europe. Consequently, today’s T&L
actors need to contend with multiple tools
and solutions covering different aspects

BACKGROUND AND BUSINESS CONTEX T

Central to the EC’s strategic vision is steering attention to architectures and open systems for information sharing
and valorisation, in pursuit of connecting key stakeholders with information and expertise on the basis of ccollaboration agreements. However, the prevailing landscape challenged this strategic view, on the basis that the sector
comprised a complex spectrum of different data types that involved disparate and oftentimes legacy information
systems that had matured independently over the years, resulting in different user requirements, different business
models, different deployment trajectories and incompatible systems that could not share data nor intelligence in
ICT-driven ways. This broader prevailing digital landscape evidenced an obstacle for inter-sectoral and cross-sectoral information sharing in significant ways, as well as impeding the deployment of pan-European logistics solutions
accessible by logically related actors in the transport sector, its users and public authorities.
Thus, the evolving T&L landscape sets the scene for creating innovative collaboration-driven SC optimisation,
supported by services that take into account networks status and service level agreements (SLAs) for optimising
cargo flows against throughput, cost, speed, time, utilisation of resources and environmental KPIs between and
across European T&L SC actors. This context underpinned the innovation imperatives for the SELIS project.

Wall Of Resistance To
Supplier Collaboration

Entrenched Organizational
Resistors

Emerging Resistors
in Routine & Skills

Structural
Resistors

Sociological
Resistors

Organizational
Routines

Individual
Skills

Territoriality

Information
Hoarding

Relationship
Intensity

Collaborative
Skill Gap

Opposition to
Change

Process
Integration

Leadership
Deficit

Low Trust

Complexity
Management

Strategic
Misalignment
Poor System
Connectivity

Figure 1: SC Collaboration Barriers
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1.2 Industry requirements
>> Producers, Retailers, Shippers, Logistics Service
Providers, Authorities

SUPPLY
CHAIN

4.0

SC actors across Europe and globally need a

Principally, SC actors are seeking ways

secure and trusted vehicle to share data and

to extract value from shared industry

information for better horizontal and vertical

data as well as to maintain full control

SC collaboration and optimisation. From the

over their own commercially sensitive

outset, it must be pointed out that although

data, including whom they share data

the need of collaboration and data sharing

with, the duration of time data is shared,

is well understood by the SC and logistics

the ways shared data is used, managed

sector1, the wall of resistance remains tall

and exploited. During the SELIS project

and aligning innovation to industry readiness

period, and in the very recent years, the

is very important for moving forward.

application of blockchain technologies has
gathered momentum as a basis to assist

Key business imperatives include the need to

in addressing trust issues in data sharing

surmount the organisational and associated

through digital ledger technologies that

(oftentimes internal) structural barriers to

offer immutability, tractability and audit

collaboration (Figure 1), and the need to see

compliance, thus enabling interconnection

progress on operational aspects (increased

and interoperability to achieve truly global

speed and efficiency, greater flexibility,

SCs. However, the need remains to move

improved insights through transparency and

to federated industry-wide solutions that

granularity, improved prediction accuracy

make cross-sectoral SC collaboration easier

and improved sustainability), as highlighted

and effective. Owed to this, advanced and

in the Supply Chain 4.0 McKinsey report.

innovative ways to motivate, extract and
realise business value from shared industry
data is likely to remain a central research

1

According to the World Business Council for

Sustainable Development, collaboration between
logistics operators using freight exchanges, can yield
cost savings of c.20% and a reduction in CO2 emissions
of c.32% (WBSCD, 2017).

and innovation focus for the years to come.

Shared Data

SELIS Analytics

Decision Support

CHAPTER 2

SELIS
Supply Chain
Community
Nodes (SCNs)
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2.1 SELIS response for connected and
low-emission logistics operations
The principal innovation from the SELIS project is a directory of Logistics Collaboration Models
(LCMs) (Figure 2) and Connect - Share - Optimise open sourced software components enabling
stakeholders in the logistics sector to create and maintain collaborative SC intelligence sharing
platforms, referred to as SELIS Community Nodes (SCNs). SELIS’s approach and contribution
towards a "Pan-European Logistics Intelligence-Sharing Platform" emphasise intelligence sharing
through SCNs in a way that inspires trust, facilitates collaboration and enables connectivity and
data driven optimisation of T&L operations. Extensibility is catered for through a cloud computing
platform that accommodates a SC modelling framework for business applications. SCNs can be
used to build T&L collaboration solutions that are resource-efficient and environmentally friendly.
Further, federated SCNs provide a solution for the EC’s strategy for Smart, Green and Integrated
Transport and Logistics through a single European logistics information space, that is accessible
by actors in the transport sector, its users and public authorities. The SELIS approach is consistent
15%
with the Digital Transport and Logistics Forum (DTLF) federated network of platforms concept
9%
and provides a route towards the realisation of a Physical Internet (PI) inspired transport
system, aimed at transforming the ways physical objects are packaged, transported, distributed
and delivered. In essence, from its proposal stage, SELIS has advocated that a promising route to
realising the PI vision is through federation of SCNs, a subject which is further discussed later in
the paper.

The SCNs are designed to offer an easyto-deploy capability to enable supply chain
actors to share and analyse SC data in
a neutral and privacy preserving manner,
enabling value creation across T&L sector
communities that adopt a particular Logistics
Collaboration Model (LCM).
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SCN

Big Data Analytics
ML Algorithms

Optimise

LCM

LCM

Share

Data Aggregation,
Knowledge Graph,
Event Log

Node Management,
Adaptors, Pub/Sub,
Authentication, Access Control

Connect

SELIS Cloud Infrastructure & Monitoring Platform

Safe

Rapid
ROI

Future
Proof

Protect IT
Investments

Trusted & Secure
Data Sharing

Pre-built Collaborative
Intelligence

Future Proof
Collaboration Engine

Secure Rapid
Implementation

Figure 2: The SCN Concept
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Connect
allowing data to be collected from heterogeneous
sources thus creating a single data-sharing intelligence
space in the cloud.

Share
allowing connected data to be aggregated to provide a
shared situational picture linked to a knowledge graph
and event log.

Optimise
through analysing the available aggregated data using
the SELIS Big Data Analytics module offering generic
analytics algorithms in the form of “Recipes”.
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2.2 Features of SELIS Supply Chain
Community Nodes (SCNs)
The SCNs help communities of T&L actors that implicitly collaborate through their pre-existing or
prevailing business operations, to manage these collaborations more efficiently allowing them to
extract value, and to extend collaborations easily in new directions that increase their profitability and competitiveness.
In SCNs, the connections between the SC participants are driven by rules that describe relationships from the outset and based on their semantic properties such as their role in the SC,
rather than on hard-coded connections and data. In this way, an SCN can be considered as a
multiparty collaboration intelligence sharing gateway, alleviating the need for costly,
isolated and fragmented point to point connections between individual participants in the SC.
In consequence, as the SC evolves (i.e. participants join and leave) the SCN can re-adapt and
reconfigure autonomically to address the evolving and changing circumstances.
An SCN combines collaboration, connectivity, communication, privacy and data protection
capabilities with analytics and visualisation tools, enabling end-to-end visibility across value
chains towards the management of business and green logistics KPIs. The SCN creates a shared
intelligence "data space" configured to address the needs of a logistics community, aggregating
information flows in various industry standard formats that are generated by the operational
systems of the logistics participants, and also through interfaces to IoT devices and gateways.
The result is near real-time insights and enhanced visibility such that the stakeholders in the
logistics value chain can improve their operations, plans, policies and strategies, as well as quality
of service aspects central to their business KPIs.
Specifically, a SCN supports T&L communities to (see also Figure 2):
>> Connect:
allowing data to be collected from heterogeneous sources, thus creating a single data-sharing
intelligence space in the cloud, which physically consists of distributed connected data sources
from SC actors. Connectivity tools include: intelligent adaptors such as translators to a common
SCN data model; a publish/subscribe system for many-to-many communication of events with
the ability to restrict who can subscribe to what data artefacts; authentication and monitoring
services. A single-sign-on federated-enabled authorisation system is provided for services or
data-sources, such that participants can deploy services via Secure APIs, on the basis that SELIS
is designed to support SOA and microservices deployment for SCN-based applications.
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>> Share aggregated data,
allowing the creation of a shared situational picture linked to a knowledge graph and event log.
Where appropriate, shared data from the event log is transferred to a blockchain ledger, thus
increasing trust levels on the use of the data with full traceability, auditability and immutability
underpinning SC data transparency principles.
>> Optimise operations,
through analysing the available aggregated data using the SELIS Big Data Analytics module,
offering generic analytics algorithms in the form of "Recipes" that can be easily configured to
execute typical optimisation operations such as matching transport demand with available
resources and route optimisation. Predictive and optimisation analytics can be also used to cover
smart contracts associated with route and mode decisions in synchromodal transport.
Rapid implementation of SCNs is based on pre-built collaborative intelligence provided by
configurable SELIS Logistics Collaboration Models (LCMs) that are customised for specific
logistics communities in global and regional SCs including last mile distribution.
SELIS has produced a library of models supporting European Green Logistics Strategies
(EGLS) that facilitate the composition of LCMs. A LCM service catalogue is used when setting up
and configuring the connectivity semantics of the message broker by mapping LCMs to existing
business semantics (Participants, Services, Events, Agreements). Importantly, LCM models use
the currently existing standards for SCs and their data models and include WCO, UN/CEFACT,
GS1, UBL. SELIS liaises with the United Nations Centre for Trade Facilitation and Electronic
Business UN/CEFACT, drawing upon the vast experience and content available on International
Trade standards.
An important innovation is the use of Knowledge Graphs (KG) to capture the SCN semantics
based on relationships of entities relevant to a Collaboration Logistics Model such as organisations, logistics objects/assets, resources and locations (Figure 3). KGs integrate spatial,
business-social and temporal data. KGs are used to represent LCMs and provide the SC context
to incorporate methods, services and tools to facilitate the better understanding and analyses
of data. To this end, KGs support the efficient aggregation, ingestion, cleansing of data arriving
from different sources, i.e. operational back end systems, databases, services and APIs, IoT
controllers (e.g. joins, filtering, schema transformations, inferenced links creation in graphs of
data and events).
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The SELIS Cloud Infrastructure and Monitoring Platform supports monitoring (performance,
scalability, usability) and security (encompassing the cloud platform security and identity
management component). Important operational aspects such as SLA, Uptime, High Availability,
Network Throughput, bandwidth, etc. are constantly monitored through the monitoring platform
which in turn provides early alerts in impending problems and orchestrates corrections if needed.
The monitoring platform allows SCN operators and administrators to ensure that each SCN and the
various infrastructures and services they depend upon, are functioning correctly and performing
well. As such, it provides an overall monitoring solution for one or more SCNs as an independent
supervising platform and infrastructure monitoring entity to SCNs managed as a service.
Overall, the SCN delivers a compelling technological advancement data sharing and collaboration
value creation for the T&L sector, which is based on the exploitation of known, tested, matching
and robust Open Source technologies, and it provides the T&L businesses a significant Price/
Performance advantage.

Figure 3: Knowledge Graph (KG)
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Unique Features of SCNs
#1

•

SCNs are modular and adaptable, and through features such as Big Data
Analytics "Recipes" they can be quickly tailored to the needs of specific
supply chains.

#2

•

SCNs provide the tools for modelling, storing and processing large datasets
through associated services/analytics. Moreover, such analytics can be
end-user defined for the exploitation of business relevant KPIs.

#3

•

Access to the data is controlled by a data access control module, meaning
that although data from multiple parties are ingested into the SCN, data
access is restricted to only authorised parties. Some types of data are even
not directly accessible to SCN users, apart from in an aggregated form,
ensuring the privacy of the data owner.

#4

•

By specifying publish and subscribe data between SCNs, the federation
concept is realised through the central identity and access management
(IAM) services of the communication layer. Blockchain technology can
subsequently be used to keep a distributed immutable ledger of records
shared between a wide array of SCNs, further facilitating the federation of
SCNs to enable progress towards the Physical Internet vision.

#5

•

By making available SELIS open source infrastructural components,
complex technologies such as Big Data Analytics become accessible to SME
software providers in the logistics sector to increase the innovation of their
own products.
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3.1 Approach and Research Agenda
Combining business and technology innovation
The SELIS project methodology (Figure 4) combines a business and a technology innovation
stream in creating the key elements of SCNs described in Chapter 2. Innovations are business
driven, capturing stakeholder needs, while at the same time exploring, exploiting and generating
new ideas and ways to meet business metrics utilising the European Green Logistics Strategies
(EGLSs). EGLSs can be applied in different stakeholder settings and focus on synchromodal
transport involving Rail, Ship, Barge, Truck and Terminal Collaboration, as well as its application in
urban and last mile logistics.
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Figure 4: The SELIS Methodology
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In SELIS, all models and solutions are tested in the SELIS Living Labs. Each Living Lab is
connecting its community to at least one (Primary) SCN and, per the Living Lab setup, possibly to
additional (Secondary) SCNs for very active or organisationally extended community members,
per (sub)community needs. The infrastructural SELIS components are composed in a set of
coherent solutions, integrating best current Open Source solutions, introducing SELIS innovative
extensions for better configurability and easy deployment, considering the specific needs of the
T&L domain.

Mappings

...

New
Knowledge
Generation
Data Analytics

S E L I S R E S E A R C H M E T H O D O L O G Y & I N N O VAT IO N

KEY
CONCEPTS

The

underlying

concepts

in

SELIS

simplest function is a service that acts

approach include the following principal

as a database for storing historical

considerations:

facts and the current state of a SC.
T&L applications can query the KG

•

EGLS are generic business models

and get insights on the state of the SC.

(e.g.

transport),

The KG is also used for semantic data

used as guidance for the creation

transformation and for the aggregation

of a simulated environment, where

of data that is published from external

collaboration solutions are tested and

and legacy systems.

Synchromodal

validated

•

•

before

being

customized

•

The LCMs are composed for specific

KG and data analytics. Deep learning

communities

techniques can then be used to discover

based

on

EGLS

and

for

Node

Management,

logistics message exchange standards.

new actors or refine relationships that

SCNs ICT infrastructure are open

also extend the KG.

software

components

logistics

that

communities

•

in

Each

SELIS

Living

The

SCN

Data

Analytics

enable

complex analytics to furnish easy-tounderstand business KPIs.

Lab

setup

ecosystem,

a
for

The

architecture

of

SELIS

includes

the systematic evaluation of innovative

asynchronous Publish-Subscribe message

ideas and technological solutions in

exchanges which are event-driven, providing

real life use cases. Therefore, the Living

extensive metadata management, used for

Labs are evolving experiments for

message

specific logistics communities, testing

logistics domain concepts (e.g. WayBills,

instantiations of LCMs. In the Living

Itineraries,

Labs the LCMs address the specific T&L

from existing standards in the domain (e.g.

community requirements, enabling the

WCO, Cargo-XML, GS1, ISO/IEC 19845).

experimentation and testing of both

Semantics and knowledge are encapsulated

business and technology innovations.

within the Shared KGs, which provide an

An SCN may include virtual subspaces

efficient innovative mechanism to deal with

for each LL. Virtual spaces are created

the complexities of interconnected concepts

based on a "cooperation agreement"

in the range of millions of parallel events,

that defines who will share, what nature

and accommodate information sources from

and type of data, with whom under and

Open Data and Social Media, where NoSQL

what circumstances.

approaches have been established as the

The Messaging and Communications

database solution of choice.

based upon the Pub/Sub protocol, is
the vehicle to allow actors to publish
and subscribe to data and events.

23

"node

listening to events, and populating the

stakeholder-centred

•

a

environments in the Living Labs.

implementing an LCM.

•

incorporates

controller"

support

•

SCN

and implemented in real operational

source

•

An

The Knowledge Graph (KG) in its

transformations,
Transport

incorporating

Execution

Plans)

S E L I S R E S E A R C H M E T H O D O L O G Y & I N N O VAT IO N

3.2 Innovation Management
The SELIS innovation management strategy acknowledges an important distinction between
Invention and Innovation: Invention comprises the creation of a novel idea or concept, whilst
Innovation comprises the act of turning the novel concepts into successful commercial and
economic outputs. On the basis that the joint and ultimate objective of the consortium was to
evidence IP that steers a commercial trajectory and exploitation, our innovation management
approach prioritised and emphasised efforts towards this path and, in particular, supporting
patent filings that align to a commercial path and that are deemed commercially relevant and
commercially valuable.
In pursuit of following best practices, the SELIS innovation management approach has adopted
a number of the best practices from the CEN/TS 16555-01 family of standards, also paying
attention to guidance and key innovation questions (Kollerup, 2018) and broadly executed in a
structured innovation process flow (Popescu, 2016).
From a patent perspective, the core strategic business and commercial vision for SELIS is towards
a “Pan-European Logistics Intelligence-Sharing Platform”.

The SELIS project has made discernible
progress, evidenced in a number of
prominent industry pilots, demonstrating a
path to unifying business, technology and
capacity across the broader EU T&L sector
in direct support of green, efficient and
profitable T&L through interconnected B2B,
B2C and B2B2C logistics’ contexts.
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SELIS Patents
In aggregate, the consortium scored, prioritised and
successfully filed seven (7) patents at EU PO, US PTO
and Canada PO, following a methodology for scoring and
prioritisation.
The Consortium have jointly worked to

On 22, September 2018, three additional

create SCNs as the infrastructure of choice

inventions were disclosed with the intention

for interconnected logistics. Armed with

of filing in Europe and throughout North

a market analyses, SELIS partners jointly

America. These patent applications are as

worked to identify and protect the strategic

follows:

and commercially sensitive IP to underpin

1.

Intelligent

Container

Dynamic

a successful commercial trajectory, with

Routing pertaining to an intelligent

prospects of success unimpeded by third

dynamic container routing method.

party incumbents and the freedom of usage,

2.

Dynamic

Distributed

Smart

exploitation and commercialisation of the

Contracting pertaining to a smart

strategic SELIS IP is assured.

contracting method.
3.

Cooperative Stock Optimisation for

The SELIS project patent management

Integrated SC Management pertaining

activities completed the initial innovation

to a stock rebalancing method.

disclosure phase on 11 December 2017.
These patent applications (already having a

A final application was drafted on 12

Novelty in France) are as follows:

June 2019 in respect to an invention

1.

Supply

Chain

pertaining

2.

to

Excellency
a

method

Score
for

the

Temperature

Loading/Unloading",

predictive risk management of supply

pertaining to a parcel loading instructions

chain receivables' financing.

generation method.

Supply Chain Node (SCN) pertaining to
an ad-hoc SC collaborative computing
environment management method.

3. Content Based Routing pertaining to a
SC message routing method.
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entitled "Autonomous System for Multi-

y

SELIS embraced a supply chain
collaboration centric approach
- the broader T&L network
can be constructed using data
from the whole SC to support
"Synchromodal transport based" decisions.

CHAPTER 4

SELIS Logistics
Collaboration
Models
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4.1 The SELIS Reference T&L
Collaboration Framework
SELIS embraces a SC collaboration centric approach

CF

SELIS Collaboration
Framework imperatives

The
SELIS
Reference
T&L
Collaboration Framework (Figure 5)
assumes that T&L communities are
involved in three types of transport
chains:
1. Global SCs characterised by a
long shipping leg (and increasingly
rail) and therefore important to deal
efficiently with customs and other
regulatory formalities.

2. Regional/Continental SCs mainly
linking manufacturers with regional
retailers and increasingly a direct
distribution of their products
purchased from own e-commerce
channels.
3. Urban logistics and last mile
distribution which are usually
integrated with the previous two
chains.

Regional / Continental Supply Chain
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Data Exchange
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Figure 5: The SELIS T&L Collaboration Framework – High level view
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SCNs represent communities that can be linked to provide end-to-end SC ICT collaboration
enablement, via solutions with reduced cost and improved environmental performance. Federation
of SCNs can be used to support corridor level collaboration and optimisation. Finally, intercorridor collaboration will lead to collaborative networks towards realising the PI vision. The
specific Logistics Community Models (LCMs) developed in SELIS to support this are bound to the
European Green Logistic Strategies and Capabilities (EGLSs) which are described in the following
Chapter.

4.2 SELIS European Green Logistic
Strategies (EGLSs)
EGLS map to either strategies or strategic capabilities. Formally, a strategy is a plan which sets
goals, determines actions to achieve the goals, and identifies the required resources, while a
strategic capability is the ability to perform certain actions (with the identified resources and
goals set). A strategic capability therefore supports a strategy (Figure 6).
As indicated earlier, Synchromodal Transport is the core strategy advocated by SELIS and a focus
for its research activities as well as the Living Lab applications. The core rationale for EGLSs is that
SC Visibility enables SC Performance Management. Collaborative Planning and Synchromodal
Transport (EGLS1) represents an operational strategy to improve performance (particularly environmental) by exploiting visibility through synchronized deployment of logistics resources in a
collaborative way.

Figure 6: The SELIS EGLS
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Collaborative Risk and Value Sharing (EGLS2) is an

part of a generic SELIS Application in this area. These

organizational strategy that aligns incentives in such

developments are presented in later sections.

a way that required collaboration is achieved. Hence,
enabling role of visibility. Visibility and Corrective and

>> EGLS 2: Collaboration Risk and Value
Sharing

Preventive Actions (EGLS3) is a strategic capability

Collaboration

that establishes visibility, but also represents the

such as inventory or cost reduction and improved

capability to take corrective or preventive actions while

asset utilisation. However, the lack of gain-sharing

using visibility. SC Financing (EGLS4) is a strategic

models defining the allocation of costs, investment,

capability to reduce financing costs by the use of SC

resources, benefits and risks between stakeholders

finance instruments while exploiting visibility and the

are major barriers for the development of collaborative

SC Excellence Score, developed by SELIS. KPIs and

solutions. The issue of compensation rules, risk and

Environmental Performance Management (EGLS5) is a

gain sharing is even more complex as it depends on the

strategic capability that enables reliable environmental

collaboration characteristics (e.g. vertical, horizontal

performance management using visibility, in particular

or network collaboration, uni-modal or co-modal

carbon footprint reporting. SC Optimisation (EGLS6)

collaboration, “inter parties” collaboration or network

is a strategy that uses visibility to optimise inventory

collaboration with a trustee). SELIS offers several

management in conjunction with synchromodality.

generic compensation and risk sharing rules as well

E-Compliance (EGLS7) makes use of data pipelines

as customisation capabilities to match the needs of

to enable SC compliance, in particular with customs

each user community. Real-life operational data from

regulations.

SELIS SCNs offer higher transparency on collaboration,

both EGLS1 and EGLS2 are strategies that aim at the

yields

significant

business

benefits

by displaying KPIs to monitor the business impacts in

>> EGLS 1: Collaborative Planning and
Synchromodality

real-timeand by allowing further refinements to the

EGLS1 aligns with European national policies and

predictive algorithms support extended collaborative

systems developed in order to facilitate a collaborative

models and synchromodal-driven decision making.

compensation and risk-sharing rules. Evidence based

and synergetic approach with the overall goal of
the specific context, there are different opportunities

>> EGLS 3: Supply Chain Visibility and CAPA –
SCV-CAPA application

for collaboration for sharing transportation capacity,

Visibility and CAPA provides to SC players timely

warehousing capacity, aggregation of orders in the last

information for better decision support. The weakest

mile and innovative bundling at regional level. SELIS

link in SC visibility tends to be in transit status events

brings together approaches where infrastructure capacity

at shipment level and in particular status updates

is allocated to traffic flow, and where vehicle capacity is

about ocean shipments. SELIS supports end-to-end

allocated to containers that need to be transported and

SC visibility (E2ESCV) by delivering controlled access

supports vertical integration of transport services (e.g.

and transparency covering: (a) Sensitivity – Accuracy,

deep-sea transportation, terminal handling operations

Completeness, Timeliness, Redundancy and Detail,

and land transportation). SELIS made significant

(b) Accessibility - the ease of accessing connected

contributions towards the evolution of synchromodality

data and information, (c) Intelligence – methods,

by establishing new models and providing logistics

algorithms, tools to process information and produce

service providers within their communities with access

actionable knowledge, and (d) Decision Relevance – how

to reliable real-time data and predictive analytics as

the visibility solutions fit to the business models and

logistics synchronisation across the SC. Depending on
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operations. The SELIS solutions use a SC Ontology-KG
to link real time information directly to KPIs improving
visibility relevance to decision points.

total production-inventory-distribution costs. In SELIS

The fundamental principle of Supply Chain Financing
(SCF) is that firms can decrease their cost of external
financing by effectively tracking events in the physical SC
and reliably disseminating this information to financial
intermediaries in the capital markets. SELIS facilitate
SCF solutions (beyond buyer-centric schemes) that rely
on the SC Excellence Score (SCE Score).
The SCE Score is used to evaluate the operational
excellency of individual SC participants through data
analytics of SC executions in the past and presence. The
analysis results provide input for risk assessment related
to individual SCs and their individual stakeholders. The
SCE Score is designed to analyse both, the historical and
the current execution of transactions/SCs and the data
that describes these transactions from the kept records
of the SC Participants. The SCE Score is therefore not
only analysing the level of execution of transactions but
also the quality and reliability of the data that describes
the execution.

Environmental

According to a recent fact-finding study for the
EC,

transport

unable

to

services
The

decision-makers
benchmark

with

importance

emission
greater
The

of

Logistics

presently

&

transport

GHG

emissions.

accepted

harmonized

method

(Davydenko

Global

to

an

computation

are

available

respect

has

Nesterova,

Emissions

Council

become
2017).
(GLEC)

produced the GLEC Framework for Logistics Emissions
Methodologies, as an integral part of managing supply
chain
•

performance.

This

consists

of

two

layers:

the physical layer enabling data collection and GHG
emissions calculation (carbon accounting tool) and,

•

the reporting layer which facilitates data interpretation
(the environmental performance benchmarking tool).
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Previous research in SC optimisation has developed
integrated models that typically seek to minimise the

>> EGLS 4: Supply Chain Financing

>> EGLS 5: KPIs and
Performance Management

>> EGLS 6: Logistics Optimisation

optimisation is performed in the context of a SCN acting
as central controller/planner who is orchestrating the
entire SC and has the authority to implement selected
optimisation strategies. Important optimisation problems
that relate to intermodal or synchromodal transportation
are (variants of) the well-known vehicle routing problem.
Another range of optimisation problems that are relevant
to intermodal transportation relate to container terminal
operations. The definition of transportation services on
a network gives rise to another range of optimisation
problems that are relevant to the development of
synchromodal services. SELIS extend these approaches
by including new collaboration synchromodality and
visibility models and points to the need for further
research in clarifying strategic, tactical or operational
activity that leads to improved performance (economic,
environmental and operational) in SC, distinguishing
the different perspectives associated with different
communities.

>> EGLS 7: e-Compliance for Customs &
applicable regulations
SELIS provide compliance solutions as a component of
integrated and "smart" international SCs which in turn
rely on new interoperability support standards and
associated connectivity technologies. SELIS provides a
technological solution that is based on the concept of
using data pipeline principles to collect standardised SC
data from as close as possible to their original sources,
using globally standardised Pipeline Data Exchange
Structures (PDES) and then making the higher quality
data available earlier to the cross-border agency either
directly or through a SCN.
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4.3 Target Logistics Communities (LCs)
SELIS Stakeholders Classification
LC1
Transport
and Logistics
Authorities
LC2
Shippers and
Retailer centred
communities

The main challenge for SELIS has been to establish a unified national and trans-border
information exchange environment between private and public stakeholder groups, based
on DG TAXUD alignment of regulatory requirements to the World Customs Organization
Data Model as foreseen in the new Union Customs Code. A second goal is to empower
Transport and Logistics Authorities in using cloud and Big Data analytics.
Shippers and large retailers, who were traditionally contracting 3PLs are increasingly
taking control of SCs by combining external and internal providers, leading to challenging
"collaborative spaces"; they are increasingly engaging in horizontal collaborations to form
transportation and warehousing synergies, but are still reluctant to disclose their transport
volumes and destinations via a freight marketplace. SELIS focused on SC collaborations
aided by secure/privacy-preserving collaborative services, seeking to identify the key
drivers of value chain efficiency across many players to drive end-to-end chain optimisation
for a global maximum instead of local (e.g. single player optimisation).

LC3
Freight
Forwarders
centred
communities

Freight Forwarders (FFs) searching for opportunities to increase their efficiency and create
competitive advantages. SELIS aims at facilitating the provision of value-added services
through better integration between the FFs and their clients, allowing better client visibility
and responsiveness. Areas for investigation include increasing visibility of available
logistics resources, dynamic selection, risk / value sharing and KPI based pricing. SELIS
aims to increase FFs’ insight into their customer’s needs and behaviour and to facilitate
horizontal collaborations with other logistics service providers, allowing better service
quality, increased asset utilisation and economies of scale.

LC4
Port centred
communities

Ports are increasingly becoming a key facilitator for synchromodal transport and are
expected to play a central role as smart hubs in Physical Internet networks. A Port SCN can
complement existing Port Community Systems (PCS) or can be used by smaller ports as an
alternative to PCS. Research goals include: (a) role of ports in facilitating synchromodality
resulting in increased share of the short-sea and inland waterways transport, (b) facilitating
services coordination inside and also outside a port, enabling door-to-door logistics.
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LC5
Shipping
communities

An undeniable success factor for maritime transport is the seamless integration in
intermodal transport chains, providing one-stop-shopping for transport. Intermodal SC
coordination is challenging and requires both effective communication and interaction
with many actors. Shipping SCNs improve interaction between ship and port, for optimized
terminal resource planning and predictive port vicinity traffic. SELIS enabled shore-toship coordination enable vessels to adjust speed for accurate berthing times, while ports
base their plans to realistic Estimated Times of Arrivals and Departures (ETA-ETD), letting
both ships to be fuel-efficient and ports to perform just-in-time agility. SELIS Big Data
intelligence supports strategic decision-making for fleet management and ship scheduling.

LC6
Rail, truck and
terminal network
communities

The road-rail combined transport and transhipments are important for the sustainability
of the EU logistics and transportation industry. The EU policies aim to boost the
competitiveness of railways advancing towards a Single European Railway Area. Real time
information is necessary to allow coordinated slot planning, reduce the crane operations
per loading unit, improve resources use, optimise trains use by minimising empty wagons
travelling, etc. SELIS focus is on collaboration based on a shared information model that
integrates short hauliers-logistics platforms- regional rail network-national rail network.

LC7
Hinterland Hub
communities

Ports and their terminals act like hubs for incoming goods that are temporarily stored
before being routed toward the next destination. Current trends in maritime logistics
often consider the presence of inland freight terminals, where goods are consolidated
before shipment, such as hinterland hubs, or dry ports. SELIS focus is on facilitating
synchromodality through free flow of information between SCNs installed in inland hubs
enabling flexible and dynamic routing strategies and operations’ support. Decisions
are based on short-term visibility, availability of transport means, handling and storage
capacity and schedules information, and costs.

LC8
Urban Logistics
communities

Urban logistics is characterized by defragmented deliveries, important external
constraints (e.g. access-restricted areas, congestion, lack of appropriate unloading
infrastructure), and significant environmental and economic externalities. SELIS has
investigated urban logistics collaboration and information sharing models, as well
as the vehicle to infrastructure architecture, road telematics and real-time sensor
data consolidation and management, to improve the last mile delivery visibility and
environmental performance. It is highlighted that urban logistics is becoming vitally
important to e-commerce and city environmental policies which are driving research and
innovation in this area.
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4.4 Developing LCMs
The following figure shows the main steps towards developing an LCM.
>> STEP 1 involves modelling the SCN community’s data sharing needs, using an informal or
ad-hoc (schema-free) notation, e.g. a graph.
>> STEP 2 involves formalising the shared data model using one of the industry standards that
the SCN community agrees upon, e.g. GS1, UBL and so on. The specification of any necessary
adapters to support conversion between data schemas by SCN is also carried out at this stage.
>> STEP 3 is where the main collaboration use cases are identified and modelled, in order to
identify any inconsistencies and gaps in the data modelling activities of the first step.
>> STEP 4 is the final step, where, the EGLS data requirements are mapped to the shared data
model of step 3. From that, the specifications for configuring the various components and
subsystems of SCN such as the Big Data Analytics can be derived, as explained in the previous
section. Such specifications comprise a configuration script that the SCN administrator can run in
order to obtain an instance of SCN.

STEP 1
Create LCM
Data Models from
Community Goals

STEP 4

STEP 2

Map EGLS
to Standard Processes
& Information
Exchanges

Get standards
for Processes &
Information
Exchanges

STEP 3
Refine Models
based on collaboration
Use Case descriptions

Figure 7: Steps for LCM Development
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Central to the SELIS approach are UN/CEFACT recommendations
that guide the definition and implementation of trade documents and
procedures. The UN/CEFACT Core Components are the syntax-neutral
and technology-independent Building Blocks that can be used for data
modelling.

4.4.1 SELIS LCMs Repository
LCMs specify collaboration actors, KPIs, information sharing requirements and improvements
or optimisation opportunities. The SELIS LCMs repository includes metamodels, models and
ontologies supporting collaboration and interoperability, based on:
•

UN/CEFACT and Common Framework (ISO/IEC 19845) standard-based information
exchanges,

•

SCOR KPIs for (a) Reliability, (b) Resilience, (c) Agility, (d) Costs and (e) Assets Management
metrics, automatically linked and retrieving information from data models at the operational
level,

•

the SELIS EGLS,

•

The SELIS SC Excellence Score (patent granted).

UN/CEFACT
The UN/CEFACT Core Components are the syntax-neutral and technology-independent
Building Blocks that can be used for data modelling. Major benefits of the Core Component
Technical Specification (CCTS) include improved reuse of existing data artefacts, improved
enterprise interoperability, and consistency across vertical industry standards. Core
Components are the Building Blocks for the creation of a semantically correct and meaningful
information exchange package. It contains only the information pieces necessary to describe
a specific concept

GS1
As regards the GS1 data, it can be categorized into three types:
a) Master Data: persistent, not transactional data, that describe the trade items, parties and
locations, all of which are identified by GS1 identification keys.
b) Transaction Data: data describing the execution of a trade agreement, consisting of trade
transactions, confirming the execution of a previously made business agreement, from order
to final settlement, also making use of keys.
c) Visibility Data: data describing the movement of trade item instances, logistical units and
assets, providing details for the activities in the SC, identified by keys, detailing where these
objects are in time, and why throughout the SC.

35

L O G I S T IC S C O L L A B O R AT IO N M O D E L S

Further, GS1 includes the GS1 Global Visibility Framework. The GS1 Global Visibility Framework
is an integrated suite of global standards that, when used together, enable the visibility of
physical assets (i.e., trade items, reusable assets, fixed assets, and work-in-process) through
common ways to uniquely identify, capture, and share information relating to their movement
or their state.

WCO
The WCO Data Model consists of several components and importantly, provides:
a) globally standardized, UN/CEFACT based Information Models,
b) harmonized data sets compiled of standardized reusable data segments/elements providing
the basis for the implementation of regulatory customs Single Windows.

CF
The Common Framework (CF) is the result of cooperation of several EU funded projects in the
T&L domain including FREIGHTWISE (DG Move), e-Freight (DG Move eMAR (DG Move), iCargo
(DG Connect), EcoHubs (DG RTD). The CF reference model is divided into four domains, each
with specific responsibilities and roles. The domains Logistics Demand and Logistics Supply
are related to the users and providers of logistics services, while Transportation Network
Management and Regulation enforcement are related to authorities.
The Common Framework, identifies and defines a number of electronic documents, which
are exchanged between the various domains and between Common Framework Business
Processes. These are the Transport Service description (TSD), Transport Execution Plan (TEP),
Goods Item Itinerary (GII), Transportation Status (TS), Multimodal eWaybill (MWB). These five
interfaces (TSD, TEP, GII, TS) are standardized as electronic documents (XML) by OASIS UBL
(ISO/IEC 19845).

4.4.2 Information Exchange Models, Semantics and Knowledge Graphs
The SELIS SCN supports a flexible data schema coupled with the execution of specific
algorithms. SCN administrators have the ability to define upon node creation (i.e., during
the node bootstrapping process) the abstract extensible data model they expect the SCN to
support, according to the specific SCN data needs. In essence, to enable extensibility, SELIS
identifies two types of data, according to the way they are updated/ingested, namely static
and streaming data. Static data (or master data) consists of information that is not expected
to change over time and defines specific SCN information.
In the SELIS case, the static information is grouped into "entities". Example of entities can
be a track/vessel/train fleet, a list of stations/terminals/warehouses, etc. Static data is being
ingested upon node bootstrapping. Streaming data consists of the information that changes
over time, and in essence contains the messages that are exchanged between the SELIS
participating entities. Message examples can be proof of deliveries, GPS traces, etc. Messages
are stored in an append-only data structure backed-up by a highly efficient distributed data
store that supports high-rate insertions/updates.
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The data structure capturing the real world events is the Event Log (further explained in Chapter
5), which captures all the operational data that is exchanged between SCN participants in the
form of messages. The data model that is the combination of entities and Event Log defines a
typical Star schema approach found in datamarts and it is being used to perform the execution
of the analytics algorithms (i.e., the SELIS Recipes). Both the schema and the Recipes are
explicitly defined and configured upon node creation utilising an easy to use API coupled with
a comprehensive GUI. Any relations between the entities are captured in the KG, whereas the
entity/event-log schema facilitates the execution of Analytics Recipes.
The SELIS tools support the integration of the Common Information Exchanges models and
metamodels and provides mapping functionality so as to enable cross-schema mapping.
Further, it has the capability to create the necessary Web Services components and deploy the
developed connectivity components as micro-services in the SCN.
All defined concepts inserted in the SELIS models, may be exported, stored, enhanced and
accessed in a Graph Database (Figure 8), thereby interacting with the SELIS KGs content
database. This results in a powerful analysis and homogenization environment, where, by
implementing specific algorithms and queries, it is possible to introduce additional semantic
content to the nodes, to further enhance and enrich the modelled information on the SC and
Transportation. A semi-automatic mapping tool developed can usefully assist the mapping
process in the Information Exchanges. This tool has been enriched to include content
information by integrating properly the CCTS – UN/CEFACT BIEs and ABIEs, consolidating with
the existing Common Framework Information structures.
The use of SC Ontologies in message transformations via semantic gateways has been
specified and exemplified in related projects, such as the eFreight project, in iCargo, and in
CORE. Most of the work in ontologies has been based in the LogiCO which explicitly specifies
the main concepts adopted in the logistics domain and LogiServ. The Main Idea is to use LogiCO
as a bridging ontology to map and transform from other ontologies developed, i.e. WCO, UN/
CEFACT, GS1, NIEM etc. The SELIS semi-automatic mapping tool is using and extending this
approach, by running multiple ontologies to assist mapping.

Figure 8: Neo4j graph - SELIS SC concepts view
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5.1 SCN Data Flows
The principal functionality of a SCN, is the provisioning of a centrally accessible intelligence space
in the cloud, analogous to a gateway that interconnects different logistics stakeholders through
their own independent network infrastructure and computing systems. In this context, each
participant can define its data schema (in the form of message types, communicating entities,
master data, etc. that define both data streams and static data at rest, and the SCN facilitates the
interaction between those entities.
The SCN architecture design is driven by data flows originating from groups of participants
registered to the platform. They expose “data streams” to the node, which are produced by and
come from enterprise transport management systems (ERP, TMS), as well as from IoT sensors
connected to the logistics objects. This is made possible via the use of “adapters”, or minimal
applications that receive and transform information in formats that the platform understands.
SELIS implements a scalable “data transportation network”, achieved through the Publish/
Subscribe mechanism that ultimately governs, controls and mediates the configuration and
operational run time parameters as to who can assess what data, when, for how long and for
what purposes. The approach decouples publishers from suppliers of data ensuring flexibility.
Publishers are emitters of information once configuration permissions governing access are set
up. Subscribers on the other hand, are represented by software that require some configuration
data against which to operate (e.g. who has expressed an interest in what events and in what
package format to notify subscribers of events of interest).
The actual flows are mainly configured during the bootstrapping phase but can also occur at
other important events during the Node’s lifecycle, such as when a participant joins the Node or
publishes a new service to their collaborative environment. The flows of data between publishers
and subscribers are configured based on the business relationships and data sharing agreements
as defined in the Knowledge Graph wherein the contact surrounding data sharing, data usage and
data access has full transparency to publishers and subscribers.
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The SCN Architecture comprises the Core services of the SELIS Community Node, which
includes the Big Data Analytics engine (i.e. BDA), as well as the State and Predictive/
Prescriptive service, two datastores that serve critical features of the Node, reporting its
status and delivering real-time or batch metrics (Figure 9).
The Knowledge Graph, the Pub/Sub messaging, the Node Management with its subsystems
as well as the Predictive and State Services are discrete components. Since they all
interoperate with clearly defined interfaces, it is easy to be interchanged with different implementations that adhere to the open implementation specifications. This removes vendor
lock-in, and enables the platform to naturally evolve towards interoperability, as per its users’
requirements.
The Big-Data Analytics module provides storage and execution engines enabling the SCN administrator to easily configure arbitrary data analytics and machine learning (ML) operations
on logistics Big Data (“SELIS Recipes”), dealing with a broad spectrum of different datasets
of varying volume, velocity and variety.

5.2 SCN KPI computation
services
The State Service and the KPI Service, while similar in form, serve very different purposes.
They can be considered standard REST APIs since they expose processed information to the
outside. The former is responsible for transmitting information about the Node’s “state”. This
means that a client can request information about a specific logistics object, whose type is
defined in the Master Data. That could include entities such as a truck or a transport order.
By default, the service serves a response that includes the requested object’s attributes state
at that point in time. Depending on the deployment specifics and the Master Data, it could
also include certain transient attribute values such as the ETA of a truck or the stock level of
a SKU, or some other parameter defined in a KPI. This service therefore provides available
source of real-time business intelligence to the users of the SCN. The BDA storage layer “is
used to store all ingested and real-time collected data. It is represented using the Star data
schema as used by data marts and therefore consists of a "fact table". In SELIS, the fact table
is referred to as the "Event Log", since it stores all incoming events in an append-only "Log".
Additionally, "dimension tables" relate to the fact table, and contain further static information
about participating entities in the SCN, therefore called "Entities".”
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Consequently, the Entities tables contain the static "Master Data" of the supply-chain and are
populated in the initialization of a SCN in the BDA subsystem. This information is critical for the
function of the SCN, since the messages flowing into the system and describing events in the
real-world logistics business often refer to these entities. This information rarely changes and
should be easily referenced and queried.
On the other hand, every business message (i.e. event) that is captured by the BDA subsystem
through the Pub Sub mechanism and it is also stored in the Event Log table. The exact schema
of the Event Log table is configured during the SCN initialization process, and the Event Log
gets populated in a streaming way each time a new event/message has been detected.
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Figure 9: Abstract SCN Data Flow Architecture
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The star schema that is implemented inside the Datastore (Figure 10) comprises many small and static Entities tables
and a single, constantly growing, Event Log table. Each message is appended in a new row in the Event Log and it
refers to one or more of the existing Entities.” For each SCN, a separate star schema is created in a different database
inside the BDA storage layer.
During the SCN initialization, the Event Log table and the Entities tables are created inside the SCN database and the
Master Data are populated as described above. Additional SCN’s resources (i.e. Pub/Sub message types, Recipes,
jobs) are also defined when the SCN is configured. We will refer to these resources as "Metadata". The Metadata of
a SCN are configured during its operation and they are stored in specific tables that exist inside each SCN database.
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Figure 10: Event Log and Entities storage
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5.3 The SELIS SCN Open Source
Components
The SELIS main architecture components are based on open source technology. In sequence, SELIS contributes to
the Open Source community, by making the source of key architecture components accessible. All these modules
have been developed using open source tools and techniques and are available in the public domain through the
project website www.selisproject.eu and https://github.com/selisproject. The main components of the SCN are
defined below (Figure 11).
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DSS Application

Configure Subscriptions

Configure Master Data

Deploy Applications

Configure Recipes
Configure Master Data
Configure Messages

SCN Management Platform
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Repository

Application
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Node
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Figure 11: SCN Components overview
•

Node Management: A GUI-based configuration and management tool for the SCN.

•

Pub/Sub: A secure content-based publish-subscribe system for message exchanges between different logistics
providers.

•

Big Data Analytics (BDA): A generic cloud-enabled distributed big-data framework offering ML and analytics
capabilities over logistics data.

•

Knowledge Graph (KG): A modelling framework (GUI and API) for describing logistics ecosystems / communities
as KGs. The Shared Knowledge Graph (SKG) is based on open standards such as UBL 2.0 and open source data
management technologies

•

Data Authorization: A Role/User based authorization/authentication framework for secure access to logistics
data and Recipes execution.

•

Monitoring: An IT infrastructure monitoring tool reporting on SCN components health status. A microservices
orchestration that can be deployed in order to produce a cohesive SCN operating stack deployed against the
backdrop of a customised security model.
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Big Data
Component

5.3.1 Big Data Analytics (BDA)
The Analytics/Machine Learning module is the module responsible for performing any type of computations. Its main
purpose is to extract KPIs or make predictions by executing the corresponding algorithms on Big Data stored in SCN.
Since both batch and streaming analytics are required, the module uses both the batch and the streaming engines.
The available Recipes that compute KPIs or run ML models are provided as external executables that receive as an
input a specific data schema, so the module is generally agnostic to the input data schema and location. There exists
a set of pre-installed generic Recipes that cover basic analytics functionalities (for instance, an ML classifier, etc) and
there is support for uploading user-defined Recipes (i.e., Recipes that have been implemented in a specific language
by the user, while obeying some basic conventions).
More specifically, the module uses a part of the Big Data stream as a training set, in order to create predictive
models. The models are updated ("re-trained" periodically) as new data represented by new events are accumulated
in the SCN, using state-of-the-art ML algorithms. Upon the arrival of a message (event) in the BDA subsystem, the
module can be used in order to perform a real-time prediction related to that message using a pre-trained model
(for instance, execute the ML inferencing part and extract an ETA using the message fields as features). A KPI can
be computed either periodically, or upon the arrival of a message and can use any part of the historical data as input
(i.e., extract the busiest tracks in the past hour/day/month for a specific city/country/warehouse). In particular, using
the streaming engine, the module can execute fast computations on recently received events, and calculate in a
streaming way some user defined KPIs or predictions. The batch engine is used to periodically train ML models or
calculate KPIs on all or a part of the historical events.
When performing a computation, the SCN executes a Recipe (i.e. executable) that includes a specific analytics or
ML algorithm that will use as an input some data stored in the BDA storage engines. Each SCN installation initially
includes a number of "shared" Recipes that are implemented for general use. Administrators are also able to define
and import Recipes at any time either shared or specifically developed to address the problems of a SCN use case.
A Recipe that is created either as a shared Recipe or within a SCN, requires the definition of the implemented
algorithm’s programming language, the corresponding binary executable, the input data specification (from the Event
Log and Entities tables), and any other user-defined arguments.
When a job is defined, essentially, the execution pattern of a Recipe is defined, by either specifying the message
that triggers the execution of this particular Recipe or a time interval for executing it. Multiple jobs can be scheduled
with the same Recipe and a message-triggered job will be executed upon a message arrival and will use as an
additional input for the Recipe the received event, while the periodic job will be triggered based on a time interval.

44

D E P L O Y M E N T O F S U P P LY C H A I N C O M M U N I T Y N O D E S

A Controller module, that acts as the job scheduler is responsible for launching the computation when it is required.
Moreover, when a job is defined the output location is selected so that the calculated output will be either stored in
the KPI service according to a predefined schema, or published as a message, or saved in the Datastore for using
it later to perform a prediction. The KPI service contains the KPI Datastore which is the place where the computed
KPI values are stored and where they can be accessed from by other SCN components such as the DSS applications.
Finally, multiple jobs can be created with different execution parameters and output locations using the same Recipe.
The workflow function for jobs is another important feature that the BDA subsystem offers through this module. In
general, when a job is defined as dependent on another job it then uses (as input) the output of the specified job, and
these two jobs then comprise part of a workflow. A workflow, in general, is considered as a Directed Acyclic Graph
of tasks that exchange data between them. This capability is used in order to associate a predict job (i.e., the ML
inferencing part performed upon message arrivals) with the trained job that will produce the required ML model for
the prediction/inference. This design facilitates creating general workflows that include many Recipes that need to be
executed in series.
The Analytics/ML module indicates (before launching an ML Recipe) whether to create/update a model or which
pre-trained model to use in order to perform a prediction, and also provides the connectors that will be used by the
Execution Engines to fetch input data and handle the output data.

5.3.2 Data Security and Access Control
Data security and access control is of paramount importance in the case of SELIS, since different stakeholders
participate in an SCN community. A major problem that emerges in such cases is that when someone requests data
from the REST API provided from the BDA, it should be controlled if they are eligible to access the data that they are
requesting. This is a crucial requirement also for the multiple SCN case, since clients from one SCN should not be
allowed to access data from another. Thus, the BDA should be able to identify the origin of a specific request before it
proceeds to serve the data.
While the multiple SCN case is the obvious one that needs some form of identification before serving the requested
data, there exists some simpler use cases where the same need emerges. Let’s assume the problem is constrained
to one specific SCN. In such cases there might exist multiple applications that need to process data stored in the
Datastore module of the BDA. However, such applications might be used from clients that have a different role in the
SCN. For example, a truck driver and a data administrator might not be eligible to access the same part of the data.
The first one might have access only to data referring to their truck and the corresponding routes that they make, and
the second one should obviously have access to the whole portion of the data referring to this specific SCN. Even in
this much simpler case, the need to identify the one that performs the data access request is crucial.
In addition, the BDA subsystem itself might not be needed to retrieve some messages that are exchanged over
the Pub/Sub mechanism. For instance, let the case of some message exchange between applications, where the
messages should not be stored or processed. Suppose that the administrator defines such message types in the BDA.
In such case, the BDA should not receive them, since it will automatically store them in the datastore module. Thus, the
Pub/Sub mechanism that is used should identify whether the BDA should subscribe to a specific message type or not.
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In order to solve problems that emerge from such use cases, the BDA subsystem has control on who is eligible
to access which part of the stored data, either from one specific SCN or from different ones. Thus, the REST API
provided from BDA needs to be protected and secured. One of the state-of-the-art ways to secure a REST API is
by using an IAM application. Such applications can maintain information that connect users to the data that require
protection and therefore each user could only access data that they are connected to.
The IAM application is used to secure the REST and Pub/Sub API in an SCN embodiment, thus ensuring that the
correct actors access permissible resources that are provided through an arbitrarily deployed SCN application.
Such policies in an SCN context include information capable of authenticating any user identity, or information that
relates to whether an authenticated user is authorized to access or perform some operations on protected resources.
Although any IAM can be used, SELIS preferred to utilize the Apache Keycloak, an open source state-of-the-art
software that provides identity and access management and is released under Apache License 2.0.
The authentication is token-based, i.e., whenever a user or an application wishes to perform some action with SELIS
it needs to present a valid “token”. The token is acquired (usually once) by presenting the username/password
combination to the respective service. When this is done, the application uses only the token for any subsequent calls.
Apart from the technology, the tool offers the methodology to define and execute authorization rules, something that
takes place when the authentication has been performed. This is performed with the definition of Roles, Policies,
Permissions and Resources. A User is authorized to access a Resource with the use of an appropriate rule, which
are termed Policies within the SCN. Policies are strongly connected with Permissions to access Resources. The two
most common Policies that are enforced to evaluate Permissions in the SCN are Role and Group Permission Policies,
allowing the grouping of different users under the same role/group (Figure 12).
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Figure 12: Roles and Role Permission Policies Example
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Publish/Subscribe
Component

5.3.3 Pub/Sub Messaging
The content-based pub-sub system enables the communication of various participants through simple messages
which are composed of a list of key-value pairs.Participants interested in a certain type of message create a
“subscription” which is essentially a list of key-value pairs again, with accompanying constraints such that only a
subset of messages which are sent through the system will be delivered to the participant. A key-value pair can be
made of any data type such as simple integers, doubles, strings or even blobs, and constraints/operators can be: less
than, greater than, equal, substring, prefix, postfix which in turn provides application developers with the greatest
flexibility. Participants that provide data simply push data as a publication (list of key value pairs) while participants
interested in such data will receive such messages in case where they match the previously submitted subscription.
In principle, pub-sub is used as the vehicle for all communication across the applications and, implicitly, SC actors.
Each application can set a specific field indicating the type of message etc. and the receiver issues a simple
subscription to receive that type of message, i.e., a match for this key-value pair. Under the hood, this privacy
preserving subscription matching capability is achieved by harnessing Intel’s latest SGX technology where sensitive
data is only decrypted and processed within secure compartments called enclaves. Furthermore, the Pub/Sub system
provides a generic Rest-based interface with secure endpoints accessible through https.

Knowledge Graph
Component

5.3.4 SELIS Knowledge Graphs (KGs)
SELIS KGs are produced semi-automatically from shared master data of the SCN participants and from related
semantic information about the transport chains represented in the SCN, further (and optionally) enriched with the
use of logistic domains ontologies. The KG captures the semantics of all entities and relationships associated with
the LCMs (Figure 2). All defined concepts in the KG, can be exported, stored, enhanced and accessed in a graph
database. The KG thus acts as a reference point and single source of truth for collaboration, connectivity adaptors,
content-based routing and SC performance optimisation. It is possible to introduce additional semantic content to the
Knowledge Graph, to further enhance and enrich the modelled information on LCMs.
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KG interoperability is aided by schema-agnostic graph-based data representations that allow different types
of data schemas to be accommodated and linked to each other. A reference implementation of the SELIS KG has
been produced that uses the open transportation data model (schema) of UBL 2.0. This reference implementation
provides a comprehensive model of the main information types used in transportation, based on UBL 2.0. The
approach acknowledges that each supply/transport chain community is different and requires different KG models
configured and adapted commensurate with the use case, particularly as these communities are both fluid and
evolving artefacts. Programmatic facilities have therefore been provided and implemented to support the definition
and customisation of KGs. This allows for example new information types for new types of logistics entities to be
represented, either standalone, or by extending base concepts.
Through analysis of the Project’s Living Labs, KG is representing key entities and relationships required to represent
supply/logistics chains that are compliant with EGLS.

Node
Management

5.3.5 Node Management
The SELIS Node Management module is the main provider of authorization and configuration in the SELIS platform.
It is one of the more complex software components packaged within in the SELIS platform due to its multitude of
responsibilities and underlying business logic. The component is responsible for defining the domain of SELIS
applications, orchestrating data flows, authorizing participants, listing available services, and configuring the
messaging throughout the Platform but also in the individual SCNs as well.
Implicitly, the Node Management engine handles all of the meta-data that describes the topology of an SCN or a
group of SCNs. At a macro level, this includes the principal entities of each SCN, specifically, the stakeholders or
Participants connected to the SCN, the Services, Resources and Events that these Participants provide to the
common collaborative space and the associated agreements between Participants that describe the rules of data
sharing and service access. Business agreements are essentially synonymous to authorization and orchestration
schemes between Node collaborators as well as cooperating applications.
Figure 13 portrays how the Node Management application interacts with the rest of the components of the SELIS
Node. Internally, Node Management uses various types of Repositories for storing critical information about the
state and business semantics of the node. These repositories can be initialized during Node creation but can also
be updated during its lifecycle. The Node Management module is, therefore, responsible for handling all of this
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information including its changes and “translating” them to technical requirements or configuration changes,
ultimately altering the state of the Node. This is achieved via an internal monitoring service that responds to specific
events as they occur in the node, such as new participants registrations, the signing of new business agreements etc.,
which dictate the Node’s configuration and overall state.

Figure 13: SCN Management – Overview of Information Spaces in an SCN
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Figure 14: SCN Ontology

The schema of the metadata of the SCN is encoded as an ontology. The SCN Ontology (Figure 14) is a knowledge
model that describes the domain of the SCN. It defines the entities (participants, Recipes, jobs, messages,
subscriptions, publications, etc.) as well as the relationships between them. An overview of the ontology is provided
in the following figure. The use of the ontology allows the inference of the elements that the user might select, given
previous selections. In addition, knowledge regarding subscription rules is also encoded in the ontology.
By using an ontology, the metadata of the SCN can be easily extended to include additional elements and relationships
and can also link with existing ontologies. This way the SCN can incorporate new recipes, messages and services with
ease and speed. Inconsistencies and misconfiguration of the node can easily be inferred even for newly introduced
messages as long as they are linked to the known entities of the base ontology.
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5.3.6 Cloud Infrastructure and Monitoring Platform
To support the service provision of an SCN and its composite application components, a cloud based and highly
available, scalable and fault tolerant microservices hosting platform has been custom designed and deployed in the
SELIS proof of concept environment. Figure 15 provides a high-level view of the different infrastructural, virtual and
application layers and components, of which an overall SCN service is comprised.
The primary focus of the microservices deployment in SELIS is that of a SaaS based cloud model. The microservices
architecture is self-contained, in that it is independent of any external dependencies related to cloud vendor specific
orchestration offerings. The SELIS SCN hosting platform is totally open source based, custom designed and cloud
provider independent. This allows for versatile deployment options and ensures that the resilient SCN hosting
platform can be deployed on any cloud (Public, Private, Hybrid) or on-premise at any desired location if required.
Once an SCN is installed onto the microservices platform, it immediately benefits from enterprise level elasticity and
auto-scaling of images/containers, system and application monitoring, pipeline deployment automation with security
checks and overall resources management aspects that collectively address the critical non-functional requirements
of the SCN service. Key to meeting the non-functional requirements such as scalability and resource flexibility etc.
was the blending of open source technologies such as Docker, Kubernetes and Rancher, which when integrated
properly provide the optimal supporting platform for the SCN service. The key Non-Functional Attributes considered
when designing the supporting microservices hosting and monitoring platform include Scalability, Deployability,
Performance, Manageability, Redundancy and Resilience.

1. System
Physical Servers - Virtual Machines Virtual Network - Internet Connectivity

2. Containerisation
Docker
(Containers - Images - Volumes)

3. Orchestration
Kubernetes Clusters
(Pods - Replicas - Controllers)

4. SCN Applications
Knowledge GraphNode Management BDA Runtime - Pub/Sub
- DSS Apps - KPI & Services

Figure 15: SCN Microservices Components

51

D E P L O Y M E N T O F S U P P LY C H A I N C O M M U N I T Y N O D E S

The cloud microservice platform supporting the SCN was designed in such a way as to provide a safe and secure
multi-tenant SaaS cloud platform in which each SCN would be virtually isolated but would be able to avail of services
common to the overall cloud microservices framework. For example, the private back-end network provided by
Docker and Kubernetes for secure and fast data transfer between those SCNs that choose to share information.
Also, the security and verification checks built into the automated Continuous Integration/Continuous Deployment
pipeline that was added in the newer iteration of the platform architecture. Figure 16 shows at a high level how the
applications, big data, connectivity, microservices and cloud platform come together to help achieve the SELIS vision
and ambitions. Note the SCN’s depicted by the blue circles within the multi-tenant cloud platform and the dotted lines
between them. This is intended to represent different SCN’s hosted on a cloud platform, sharing that clouds common
frameworks and resources in terms of scalability and redundancy, but being virtually and logically siloed from each
other so as to ensure security and data privacy and integrity.
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Figure 16: SELIS Big Picture
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To zoom in a little further on the SCN virtual isolation and scalability aspects previously mentioned, please see Figure
17. This figure shows a basic overview of the Kubernetes namespace topology that the SCN service employs. This
representation shows two SCNs (one red, one blue) running inside a single Kubernetes cluster. Each SCN is running
two services (which are the front ends to components). Each component is containerised, so there are one or more
containers per service. Kubernetes runs these containers in “Pods”. (“Pod” is a Kubernetes term for a logical grouping
of applications with similar characteristics within a Kubernetes cluster). Pods can be automatically replicated to
account for scaling for load or to replace pods that crash or are in a bad state.
Additionally, services and pods can be divided up into “Namespaces”. This allows resources and applications to be
isolated and separated. In this implementation, each SCN’s components will be placed in its own unique namespace,
preventing any SCN-to-SCN communication or information sharing unless it is done through the Pub/Sub formal
sharing agreements. A single component/service can be spread across multiple nodes as resource availability
dictates. This reduces the need for a 1-to-1 dependency between virtual machines and SCNs. One large (blue) SCN
with a total of seven containers and one small (red) SCN with only four containers can both reside on two virtual
machines. The large (blue) SCN makes use of the resources on both virtual machines whereas the small (red) SCN
needs only some of the resources on one virtual machine.

Figure 17: SCN Kubernetes Resource Distribution
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Figure 18 shows the overall cluster topology associated with the cloud hosted microservices architecture that has
been designed to support the SCN services. Starting at the foundations, you can see the cluster management cluster,
encircled in orange, that is comprised of Kubernetes components such as etcd. This cluster manages the Kubernetes
based state awareness and health status for all SCN application clusters and is in itself highly available, scalable and
fault tolerant. Next you see the actual container clusters, depicted as Cluster 1 and Cluster 2, upon which each SCN
is deployed and supported. These application clusters provide fault tolerance, scalability, performance management
and high availability for each SCN instance. In the green box you see the typical applications and components
associated with an SCN instance, which in this case are supported by Cluster 2. In addition to providing multitenancy isolation for the SCN’s and the ring-fencing of private resources and namespaces, Kubernetes also facilitates
the secure and controlled interaction between those internal namespaces and eternal entities when and where
necessary, through the use of Kubernetes inherent reverse proxying and load balancing features running through
secure cloud firewall and IDS/IPS services.
Another key aspect of the microservices architecture is the inherent monitoring by design. In the same way that an
SCN automatically avails of the scalability potential by virtue of just being deployed onto the microservices hosting
platform, an SCN also automatically avails of the inherent monitoring in the platform.

Figure 18: SCN Cluster Topology
Integrated into the microservices cloud platform are monitoring components such as Fluentd, Elasticsearch, Grafana,
Kibana and Prometheus. The synergy between these monitoring components provides for extremely versatile and
adaptive monitoring for all areas of the SCN service, including the platform itself and all SCN instances running on it, by
combing their respective strengths into a seamless microservices based monitoring framework.
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5.4 Overall Approach to Performance
Monitoring and Scalability Management
From a scalability, SLA and performance monitoring standpoint, the SCN is a set of concentric layers where each
layer can be deployed, monitored and scaled independently from other layers, and where each layer abstracts
and "protects" the layer it surrounds. Each layer acts as a functional unit providing well defined services through
appropriate interfaces. Computation and I/O are done as the control passes through each software layer. The result is
subsequently passed to the next layer. The components of each layer run on a number of physical or virtual machines,
possibly in "containerised" mode. Because of limitations as to how many concurrent requests can be handled by a
single machine, the components need to be scaled up dynamically, both vertically and horizontally.

5.4.1 Responsibility & Accountability of Management
In every data governance specification there should exist a clear direction on where the defined responsibility and
accountability lies. To accommodate most enterprise scenarios, the SCN comes preconfigured with three levels of
authority clearance, as described in Deliverable 4.1 (i.e. the SCN Administrator, the SCN Owner and the SCN Member).
To achieve a commercial-grade service offering, the technical experts in the consortium have pre-configured the
default accountability scheme, complete with permissions and assigned actions. In any contractual agreement, all
parties involved should be explicitly informed on how their participation affects the Node’s lifecycle, especially when
they play a core role in the deployed DSS application.

5.4.2 Service Level Agreement Management, Monitoring & Reporting
The SCN is an intricate middleware component, comprised of many subsystems and evolves constantly. While it can
be considered a PaaS or a SaaS solution at its core, it can also be deployed as an IaaS solution based on the format
of the deployment among other things. Therefore, when researching ways of quantifying its service offering and the
subsequent Service Level Agreements, one has to be very careful on correctly interpreting how both the user and the
system interact with each other and what is expected from both sides to guarantee a seamless operation. Another
problematic area is the dynamicity of the offered solution. SELIS is ever evolving in terms of both its scale and feature
set, but also in its topology considering the satellite entities, from applications, to adapters, to actual participants.
As such, scoping any provided SLA should be done with additional precaution in a way that all potential events are
defined properly and acted upon.

5.4.3 The SCN Configuration Workflow
The SCN Configuration workflow describes the steps that need to be performed whenever a new SCN is instantiated
(i.e., bootstrapped). In essence, it defines the messages format, the entity tables, the Recipes and their interaction
with messages/master data and sets any security/authorization rules. The configuration workflow uses messages
types to describe the kind of information which will be flowing into the system through the connection to the Pub/Sub
implemented by the Connector Instance selected in the Initialization workflow, as well as their accepted format. The
Connector validates incoming messages and forwards them to the Controller. As with every other resource, Message
types are persistently stored in the Metadata tables of the BDA Datastore.
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The Controller configures the selected Connector to subscribe to the Message type defined. Consequently, a number
of Recipes are defined or imported. Recipes are implemented and packaged Analytics or ML applications. They need
to be written in one of the languages the BDA supports. The Administrator uses a REST API to define a new Recipe
by either selecting it from a list of already existing applications or importing a custom, plug-and-play implemented
one. Similarly, to the message type definition described above, Recipe Metadata is persistently stored in the BDA
Datastore.
Finally, the last and most complex step of the SCN configuration workflow is the Definition and Configuration of BDA
jobs. Jobs are conceptual constructs which link Recipes with Messages types in the case of message-triggered
calculations or Recipes with patterns of periodical execution. Information about the nature of a new job is passed
from the SCN Administrator through a REST API to the Controller, which once more produces all the Metadata and
stores it into the appropriate Datastore table.

56

CHAPTER 6

SELIS Living Labs

57

LIVING LABS

6.1 Living Labs unlock new efficiencies
and improve performance

SELIS
Living Labs

Real-life testing
environments

5%

9%

The results of eight SELIS Living Labs spread across
different types of logistics communities throughout
Europe have showcased very positive environmental impact and measurable economic benefits. They
have demonstrated how SELIS SCNs provide a solid
foundation for data sharing in a trusted, safe and
transparent environment which enables all parties to
maintain full control over commercially sensitive data.
What emerges is a great potential for supply chain
communities to set up and exploit intelligent shared
data spaces driving improved efficiencies and reduced
emissions. Beyond achieving operational improvements,
one of the important outcomes of the Port of Rotterdam
Living Lab was to actually define inland reliability as well
as ways of measuring and improving it. This is a crucial
aspect of running inland corridor operations and fostering
co-operation between corridors. The LL results are
helping the Port of Rotterdam initiate new projects, with
new shippers and support the setup of new corridors.
Through Living Labs use cases, SELIS has also helped
validate the concept of synchromodality in practice,
specifically by achieving new synergies between supply
chain actors with the help of technology. Living Labs at
the Port of Rotterdam and in North Germany have made
significant contributions towards the evolution of synchromodality by providing logistics service providers
within their communities with access to reliable real-time
data and predictive analytics. Such use cases are much
needed to initiate new business cases which will increase
the utilisation of new technologies to create synchronised
transport services of the future.
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6.2 Living Lab KPIs
The majority of Living Labs has demonstrated improvements
in data reliability and transport visibility, better utilisation of
vehicles (be it trucks, barges or wagons) and reduced CO2
emissions.
An overview of the eight Living Labs is presented in the following table.
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6.3 SELIS Applications Framework
SELIS Application Template
A SELIS Application Template (Figure 19) was produced to guide interaction with the SELIS infrastructure (Pub/sub communication, Big Data Analytics layer and, Knowledge Graph). It can be
used as a basis for the development of an application that interacts with SCNs utilising a set of
models compatible with the SCN for accelerated development. The configuration provides the
basic settings for the description of the application. The Generic SELIS Applications Framework
has been derived from all the UCs in the Living Labs as well as from the specifications of the EGLS
as described in Figure 20.

Figure 19: SELIS Application Template

62

LIVING LABS

The application template references a certain set of attributes that
comprise the baseline of the application. These attributes are:
(a) General application settings such as default pages,
localization aspects, global resources, events, caching.
(b) Security attributes such as authentication mechanisms,
permissions, roles, encryption strategies.
(c) the implementation strategy to be followed featuring the
overview, settings.

A reference domain model of the seven sub-domains has been produced. This model has been
implemented as a number of Business Models that provide a starting point for creating SC
applications in the context of SELIS and beyond. This functionality was provided to the Living Labs
stakeholders via a number of Application Dashboards, such as the Stock Optimisation dashboard,
the barge ETA dashboard and the shipments tracking dashboard (Figures 21-24).

Supply Excellence Score & Supply Chain Financing
Costs of the Collaboration and Risk & Value Sharing Services
Blockchain Industry Platforms
Transport
Demand
Trade flows and
multimodal booking
platforms

Retailer-centric stock
optimisation and
transport planning

e-Compliance

Synchromodal
Transport

Urban
Distribution

Synchromodality
Global Optimisation
Tool (SGOT),
combines SELIS
Route Optimisation
Service with
matching of available
transport demand
and capacity, Cost/
Reliability/CO2
calculation

Planning and
optimisation of
delivery rounds,
(Re)routing and
tracking of vehicles
considering real-time
traffic information,
Shared delivery
scenarios

Data Pipeline using
globally standardised
Pipeline Data
Exchange Structures
(PDES) and making
the higher quality
data available earlier
to cross-border
agency either directly
or through a SCN

SC Visibility and Predictive ETA, Performance management with KPIs calculation,
GHG Prediction, Emissions calculation and Reporting according to GLEC Framework
Figure 20: SELIS Applications Framework
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Figure 21: Stock Optimisation dashboard

Figure 22: Stock Optimisation calculation
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Figure 23:Shipments tracking dashboard

Figure 24:Barge ETA dashboard
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This section elaborates the core ELGS strategy supported
by SELIS, namely Synchromodality-driven collaboration
for sharing transportation capacity across different modes,
warehousing capacity, aggregation of orders in the last
mile and innovative bundling at regional level. SELIS has
researched the dynamic aspects of collaborative planning
and processes for setting-up Synchromodal transport
networks.

7.1 Synchromodality fundamentals and
trends

Intermodal transportation is a concept that predates synchromodality. Cost is one of the most important
considerations and challenges in modal choice for the players of an intermodal network amongst all problems
concerning intermodal transportation. As regards the shipper perspectives on intermodal transportation, they have
to decide, traditionally, on a certain transportation mode, and detailed analysis has to be performed on the different
options, supported by Operational Research, to properly assess the offerings and the possibilities in choosing
between different modes. Each mode has its own price/performance profile, while the actual competition
between the modes depends primarily upon the distance travelled, the quantities that have to be shipped and
the value of the goods.
Synchromodality provides a framework within which shippers can manage their SCs more flexibly to increase the
potential for shifting mode. Synchromodal planning can be addressed at the strategic, tactical and operational levels,
where different models and methods apply according to the strategic, tactical and operational level of planning and
operations including maritime transportation and inland waterways. with an emphasis on ship routing and scheduling.
Using a case study from "Synchromodality from a SC Perspective", P&G have shown that when the SC impacts are
taken into account, it is possible to significantly increase the share of intermodal rail transportation within a corridor,
without necessarily increasing total logistics cost or reducing the service level. In this way the environmental impact
of freight activities can be significantly reduced.
According to the World Business Council for Sustainable Development, collaboration between logistics operators
using freight exchanges, can yield cost savings of c.20% and a reduction in CO2 emissions of c.32% (WBSCD, 2017).
A CO2-emission reduction of 60% is also estimated due to a significant share of rail transportation (Conceptual
Model of a Decentralized Transport Organization in the Increasingly Uncertain Transport Environment of the Physical
Internet). The research agenda of the rail sector emphasises the digital railway providing the means of integration in
the Europe’s mobility digital ecosystem for all modes.
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According to OECD 2019 report, technological disruptions alone lower freight‑related CO2 emissions by 44% in
2050 compared to current projections. With the concurrent implementation of logistical policy measures, emissions
reductions reach 60. The impact of mode specific innovations on synchromodal transport, (emission neutral
vehicles, autonomous vehicles and logistics automation, as well as ICT innovations associated with IoT, Blockchain
technologies and AI) is a key question to be addressed by future research. In the same context, synchromodality can
be seen as the predecessor to the Physical Internet vision and again creating and evaluating future scenarios and
transition paths is considered an important future research area.

Synchromodality Challenges
The potential benefits for CO2 reduction are evident but Synchromodality involves new collaboration/ coordination
mechanisms between business partners both in the supply of synchro modal services and the management of
demand and brings several challenges.
Synchromodal transport entails that a shipper agrees with a service operator on the delivery of products at specified
basic requirements, such as time, costs, quality, and sustainability. In this context, reliability of the transport service
is an important facet. This brings several issues, including the risk sharing among business partners of deteriorated
network performance caused by uncertainty, and the planning of resources when no commitments are made to the
use of particular modes in advance. Hence, Collaborative tools for sharing costs, value, and risk among business
partners, are required.
Additionally, synchromodality requires chain visibility and CAPA (corrective and preventive actions) capabilities
allowing for flexible routing. For instance, upon release of a specific container it is necessary to establish which
transportation means are shortly available and to assess the costs and benefits of an alternative transport mode and
infrastructure. Integrating deep-sea terminal and ocean carrier data, vessel schedules, container availability and
handling status will improve access to the all necessary planning input and will allow targeted CAPA actions.
Moreover, the use of various modes requires dynamic allocation of heterogeneous capacity in the transport network
in a sustainable way. In fact, the use of infrastructure capacity varies among the transport modes: for example,
traffic on road infrastructure relates to the use of infrastructure capacity by autonomous travellers whereas rail
infrastructure utilisation is centrally governed.
Relevant EU research projects are SYNCHRONET and SMART-RAIL. SYNCHRONET contributes to the synchronization
and dynamic update of logistics operations in open networks by developing software for real-time synchromodal
logistics optimisation and explore drivers for collaboration coupled with synchromodal logistics. SMART-RAIL project
develops business and governance models that will enable collaboration with different stakeholders in the SC that
will be demonstrated in a living lab focusing on synchromodality.
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7.2 Synchromodality planning in SELIS
As mentioned earlier, EGLS1 is an operational strategy that synchronizes logistics resources to optimize
costs, emissions, and reliability. It sets the stage for the planning and execution of transport processes, while the
stakeholders’ level of collaboration and information sharing is given. Note that the relevant resources are deployed by
multiple organizations, and that demand originates from multiple customers. This requires resources to be mutually
synchronized by horizontal or vertical collaboration, and supply logistics services to be synchronized with demand.
In a typical example, two SCNs can be linked to provide the necessary Synchromodal planning and then monitor the
execution (see Figure 25), were a number of EGLSs will be also deployed, as will be elaborated in the SELIS Generic
Applications section.
The proposed model assumes two route and mode decision points for simplicity. The planning at each of these
points can be made by a SCN using shared information from its participants. In line with SELIS Framework urban
logistics will use different synchromodality resources and therefor planning is a distinctive service.
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Customer
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SCN of Network 1 Community

Shipping
Link
Node
Link on Selected Route

SCN 2
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Transshipment point

D

Destination

Mode & route choice

Figure 25: Synchromodal planning through collaborating SCNs
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Reliability of synchromodal transport processes
A key question addressed is how does one define reliability of synchromodal transport processes; what is the “price
of reliability” for synchromodal systems?
Between the improvements synchromodal transport aim at providing, enhanced reliability should be defined in a
network setting. A definition that can be used to operationalize the concept, rather than statically assessing its value
on a specific network configuration, is missing in the literature. This measure for reliability should be defined in such a
way to respect composition structures of transport networks and, at the same time, being valuable for stakeholders.
Therefore, SELIS models developed:
•

Specify relations between reliability and the other network performance measures, i.e., costs and emissions, for
synchromodal transport solutions.

•

Establish the price of reliability in terms of quantifiable measures related to transport costs

•

Calculate costs, emissions, and reliability for transport options.

•

Evaluate the entry of new stakeholders to the collaborative platform by identifying their contribution to the
system performance.

•

Provide LCM collaboration rules and information sharing among the incumbents and the potential value of new
entrants to the platform.

Three different types of models have been developed and studied based on combinatorial optimisation (both
stochastic and not) and cooperative game theory. At first, Stylized models (based on Zuidwijk and Veenstra, 2015)
have been developed to capture the inherent relations between different performance measures at the operational
planning level of hinterland container transport. By doing so, managerial insights can be established to support
decision makers that faces complex decisions involving trade-offs between KPIs.
Computer based simulation has traditionally played an important role in research and development of many natural
systems. SC simulation has various benefits, such as helping to understand the overall supply chain processes
and characteristics by providing graphical output and animations. In SELIS, several simulation environments have
been designed and developed in order to explore the different strategies and use cases of the project. An important
objective of simulation is to assist decision makes in their assessment and impact analysis for these strategies and to
identify optimal parameters for fine-tuning of the underlying models.
These environments are used to demonstrate the benefits and impacts of various SELIS solutions that are influenced
by the EGLSs and designed to establish the shared logistics information space. In the context of synchromodality,
simulation can be useful to validate and configure SELIS solutions before they will be deployed in a real operational
environment. From the perspective of the SELIS Community Nodes and networks (SCN), the simulation process helps
to validate the quality and performance of the services provided by the SCN under more realistic conditions compared
to the ad hoc testing with just a small fraction of potential users during a short period.
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The benefits and results from the simulation studies that have been demonstrated for synchomodality can be
summarized as follows:
•

Visualize transport flows on a geographic map.

•

Analyse the lead times and deep-sea terminal calls of barges (KPIs) for particular hinterland routes and corridors
as main variables to measure reliability.

•

Validate feasibility of alternative barge and rail schedules.

•

Analyse and forecast delays caused by different waiting times due to congestion.

•

A dashboard-like user interface is used to present intermediate results on different levels of detail, like port
and inland terminal, service connection level and individual barge level. Visual outputs, e.g. graphs, charts, time
plots and alike are useful visual elements of the simulation environment in order to achieve higher credibility and
acceptance by users and domain experts.

Figure 26: Illustration of inland schedule schemes
As an example, a simulation study was designed to validate the impact of different inland schedule schemes (Figure
26) on various performance metrics to facilitate the understanding, verification and validation of the scheduling
decisions in a synchromodal scenario and compare new solutions with the existing real-world situation.
The tested new schedules comprise a special scheme that is inspired by inland transport corridors and a second
approach rearranges schedules in order to reduce deep-sea terminal calls per journey but increases roundtrip
frequencies to handle the same or possibly more bookings than today with the same amount of resources.
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Figure 27: Simulation Environment execution and performance metrics visualization
The simulation modelling and the experiments (Figure 27) have shown that improvements in lead times and reliability
from adopting alternative schedules are significant. Essentially the decision for more aligned schedules comes down
to a trade-off between service reliability and flexibility of customers. As the simulation model has been implemented
and applied to a preselected number of participants, the positive outcome is likely to be scalable and applicable to
other regions and hinterland routes. The simulation environment can assist and support decision makers in further
investigations. Future users of this simulation model just need to provide the collected and prepared input data so
that it can be used within the model for their individual simulation studies.

Synchromodality based Optimisation of T&L resources
SCN enables the free and accurate sharing and flows of the synchromodal information as previously identified.
Customers (shippers) inform SCNs operators when and where their cargo needs to arrive. Via the SCNs
parametrization and configuration with the SELIS Recipes this information to only authorised parties (e.g. to relevant
LSPs but not to other shippers). Further, supporting dynamic planning and re-planning, SCN allows planners to access
data in real-time and modify transportation resources allocations, routes and schedules as part of CAPA activities,
also based on costs-benefits including the overall costs and CHG profiles, that is, planning of synchromodal transport
becomes highly flexible and volatile, based on real time information that can change dynamically, considering time,
costs and CHG emissions. This means that with every new event a new, possibly totally different plan can be made.
Synchromodal transport management supported by an SCN enables the calculation of cost, reliability and CO2 to
be used as criteria for selecting of available transport resources. A blockchain enabled solution linked to automated
generation of "smart contracts" provide additional advantages in implementation efficiency.
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7.3 From synchromodality to PI thought
federation of SCNs
Connectivity is the way to the future, according to EU policy and business strategy imperatives as the more connected
we are, the more opportunities arise to innovate and find solutions. In this context, connectivity comprising of the
transport infrastructure connectivity and the digital connectivity of transport services enables synchromodality and
ultimately the PI hypoconnectivity ensuring sustainable transport and low emissions.
Particular to Synchromodal transport is mode-free booking, which requires a proper articulation of transport
demand, as it defines transport services as the need for freight mobility (from which origin to which destination
within which time window with a certain level of reliability) instead of demand for available transport capacity.
Synchromodal approaches for dynamic planning of transport chains assume the existence of co-modal transport
services within a well synchronized network, supported by corridors and hubs, providing optimal support to supply
chains.
In SELIS a synchromodality enabling SCN will include a set of models for pricing /freight rates, reliability and
emissions for transports between relevant locations, a set of models ("recipes") for optimized assignment of
transport requests to transport services, as well as performance management models to (re)assess and refine the
previous models and recipes. An important future development of synchromodal SCN, is to facilitate the selection of
set of best synchromodality practices for specific corridors s well as selection of advanced planning and execution
algorithms for dynamic routing of transport resources through the network which will become available as an
extended library of synchromodality models/recipes.
Regarding increased automation in routing and mode selection SELIS has filed two patent applications, the first
on Intelligent Container Dynamic Routing and the second on Dynamic Distributed Smart Contracting, linked to
blockchain technologies. Development along these lines are a medium-term goal for Synchromodal/ PI SCNs.
Synchromodal transport as described earlier aligns equipment and services on corridors and hubs towards
ultimately, one hyperconnected Physical Internet (PI) system. PI extends the concept of synchromodality from
transport services to entire transportation networks, thus creating a network of networks.
Hubs are expected to play a crucial role in the future synchromodal transport. This will require them to assume
new roles and business models. Extended hubs acting essentially as freight forwarders, will be able to provide
services for cargo (de)consolidation, negotiate transport services, balance the traffic in its proximity network,
manage exceptions, and add value for their stakeholders. SCN can in this respect be considered as a blueprint for
the future "intelligent" hub. The first evolutionary step could be the federation of hubs that share the same transport
corridor, through initiatives driven by corridor and infrastructure managers. Following that, cross corridor integration
over several iterations, will ultimately result to hub and network integration, the precursor of the Physical Internet.
Inter-corridor connectivity is however, a much longer term objective, as developments are also influenced by
geo-economics and the international competitive position of Ports and Industries enabled through the strategic
cooperation with logistics hubs in the hinterland, other ports in EU and across the world.
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8.1 Leveraging SELIS outcomes to drive
innovation in T&L
Building trust by connecting SCNs to a Blockchain
There are many ongoing blockchain initiatives to enable digital collaboration across multiple parties involved in global
supply chain, such as Tradelens for digital supply chains. Such blockchains (or distributed ledgers) empower multiple
trading partners to collaborate by establishing a single shared view of a transaction without compromising details,
privacy or confidentiality. Thus, with blockchains/distributed ledgers, shippers, shipping lines, freight forwarders,
port and terminal operators, inland transportation, customs authorities etc, can interact more efficiently through
real-time access to shipping data and shipping documents, eliminating or drastically reducing documentation errors,
information delays, and other impediments.
Blockchains/distributed ledgers, therefore, facilitate organisations to collaborate in cross-organizational business
processes and information sharing, backed by a secure, non-repudiable audit trail. The SELIS Platform and the
Blockchain/distributed ledger can be seen as having a synergetic relationship. SELIS Platform collects processes and
shares supply chain data. Some of such data are persisted by the SELIS node in various backends utilised by Big
data processing frameworks. Shared data are also temporarily stored in structures like the Event Log. Blockchains/
distributed ledgers can be seen as a backend-storage that augments the capabilities of the SCNs.
In practice, a SCN can be coupled to a Blockchain in order to further augment the data sharing benefits for its
participants while at the same time increasing trust. On the basis that an SCN is essentially a closed community of
participants, a private blockchain that is restricted to trusted verified parties. The cryptographically protected shared
ledger of the private blockchain offers the ability to enhance the privacy preserving aspects of the SCN approach, and
thus making the SCN more secure and more compelling to adopt. This blockchain can be co-hosted on the same cloud
infrastructure as the SCN itself, or on its own infrastructure stack, and potentially consumed as a pluggable service
in an SCN configuration. The main purpose of such a blockchain would be through its property of cryptographically
secure transactional record keeping, as well as its immutability to serve as a single source of truth for shared
community data, further increasing the trust of the participants to the SCN.
Consequently, several types of data, both static (master) and transactional can be mapped through the SCN for
redirection to the blockchain:
•

Shared master data hosted on the blockchain serving as a single, jointly agreed and undisputed source of
reference as to the types of key data shared and accessed by the participants

•

Transactional data such as key business events can also be stored in the blockchain (while continuing to store the
bulk of events on the Event Log). Such data would correspond to key business milestones (such as the shipping of
a product or the arrival of a vessel) and would subsequently trigger smart contracts as explained below.
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Through the open platform and architectural imperatives that underpin SCNs, the SELIS vision also anticipated the
ability to introduce smart contracts in SC management, and particularly so in the context of businesses needing to
consider the current state of practice in SLA management. SLAs can vary in scope, complexity, duration, terms and
conditions. Incoterms is the international standard for SLAs managed by the International Chamber of Commerce.
However, Incoterms only cover the most common terms regarding cost, ownership, liability and transfer of goods and
additional details need to be added that are specific to the partners and conditions of the transportation/SC. Hence,
SELIS approached the design of SCNs to enable Blockchain smart contracts to be exploited as computer programs
stored in the blockchain to facilitate, verify, or enforce the negotiation or performance of a contract or an aspect of
the SLA. Consequently, Smart contracts can be triggered through SCNs to execute automatically when predetermined
terms and conditions are met by encoding "if-then" rules that depend on other actions that occur in the SC and are
recorded through SCNs and in the blockchain. Correspondingly, when the right conditions are satisfied, the smart
contract also executes and records its outcome/transaction in the blockchain.
There are several additional use cases for smart contracts considered the context of the SCN’s open architecture
and framework. Through the SCN, a smart contract can (for example) facilitate non-repudiation by validating proof of
service - e.g. digital signatures evidencing that goods have been delivered to the customer. Such proof of Service may
require many transactions overseen/managed through the SCN (corresponding to the completion of process steps),
in a particular sequence to be executed before the contract is fulfilled and payment can be released. Fundamentally,
in operating smart contracts the definition of smart contracts is a supported capability that can take place in the
context of setting up and configuring the SCN. To define the conditions covered by smart contracts, SCN participants
must determine how transactions and their data are represented, agree on the rules that govern those transactions,
explore all possible exceptions, and define the rules for resolving disputes. Such specifications then provide the input
to creating a smart contract.

Developing Digital Twins of Logistics Networks
The profile of a logistics network is dynamically evolving, therefore operational planning in such an intrinsically
complex environment is challenging. The Digital Twin, historically used in industrial settings can be used as an
advanced decision support tool for collaborative logistics. The Digital Twin is used to model the current and future
behaviour of a network in a variety of conditions and configurations, anticipate failures and optimise operations. The
Digital Twin evolves with the value chain by bringing together relevant data from a variety of sources and by receiving
real-time data through sensors. Changes happening in the real-world need to be systematically reported and included
in the virtual models so to update them, thus ensuring an optimised interaction between the Digital Twins and their
physical counterparts. This dynamic sensing-response loop can be facilitated by the SELIS SCNs, enabling:
•

Data-driven decision making and collaboration, leveraging visualization, analysis, prediction, or optimisation
functions and enabling analysts and users who manage daily decisions to deal with changes in order sizes,
addresses, vehicle capacities, seasonality.

•

Streamlining logistics business processes (shipments, distribution).

•

End-to-end visibility and control of information, material and financial flows that will foster stakeholder
cooperation and the establishment of new business models.

While Digital Twins have not yet achieved widespread application in logistics, SELIS brings key enabling open source
technologies (SCN, BDA Recipes, LCMs) that can be utilised the implementation of Digital Twin logistics solutions.
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Improving collaboration across value chains
Incorporating elements of social collaboration in the SCN functionality
As the global SCs becomes increasingly complex, the need for customer-supplier collaboration is expected to grow
exponentially. Such collaboration shares many features with social relationships. However, most SC management
systems today do not have social functionality. Although social networking applications for the business-to-consumer
space for functions such as sales, marketing, and customer service already exist, it does not cover "back office"
processes. "Social-like" interaction relates to events that affect other participants in the SC such as customers,
suppliers, or sub-contractors. For example, to resolve an issue with a late order, each of the different options
(expediting a supplier order, rescheduling production, scheduling overtime, etc.) involves consultation with different
stakeholder groups. How this can be done can draw useful inspiration from social network tools. Future extensions of
SELIS therefore, could incorporate enterprise social collaboration functionality to further increase the value delivered
to the stakeholders.
Supporting collaborative problem solving - not only problem reporting
Traditional Supply chain management systems are effective tools for problem identification and reporting. They are
not as effective, however, as platforms for collaboration, for discussing problems and for supporting decision making.
Supply chain collaboration for problem solution often requiring analysis of what-if scenarios and trade-offs between
metrics and objectives. The SCN components and SELIS Applications Framework can be extended to support
applications that not only records and manages supply chain transactions, but actively helps all stakeholders to work
collaboratively to plan their activities and make real-time adjustments to keep the supply chain moving smoothly.
Thus, an SCN will not only provide notifications and alerts to involved supply/transportation chain stakeholders, but
also recommendations for corrective actions. Depending on the role of the stakeholder in the transportation chain,
such recommendations may involve updated locations or times for carriers, recommendations for the right type/
quantity of (human and machine) resources in the distribution centre to handle deliveries as they arrive, and so on. All
such recommendations can provide tangible efficiencies and benefits to SELIS stakeholders.
Incorporating elements of social collaboration in the SCN functionality
As the global SCs becomes increasingly complex, the need for customer-supplier collaboration is expected to grow
exponentially. Such collaboration shares many features with social relationships. However, most SC management
systems today do not have social functionality. Although social networking applications for the business-to-consumer
space for functions such as sales, marketing, and customer service already exist, it does not cover "back office"
processes. "Social-like’ interaction relates to events that affect other participants in the SC such as customers,
suppliers, or sub-contractors. For example, to resolve an issue with a late order, each of the different options
(expediting a supplier order, rescheduling production, scheduling overtime, etc.) involves consultation with different
stakeholder groups. How this can be done can draw useful inspiration from social network tools. Future extensions of
SELIS therefore, could incorporate enterprise social collaboration functionality to further increase the value delivered
to the stakeholders.
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Supporting collaborative problem solving - not only problem reporting
Traditional Supply chain management systems are effective tools for problem identification and reporting. They are
not as effective, however, as platforms for collaboration, for discussing problems and for supporting decision making.
Supply chain collaboration for problem solution often requiring analysis of what-if scenarios and trade-offs between
metrics and objectives. The SCN components and SELIS Applications Framework can be extended to support
applications that not only records and manages supply chain transactions, but actively helps all stakeholders to work
collaboratively to plan their activities and make real-time adjustments to keep the supply chain moving smoothly.
Thus, an SCN will not only provide notifications and alerts to involved supply/transportation chain stakeholders, but
also recommendations for corrective actions. Depending on the role of the stakeholder in the transportation chain,
such recommendations may involve updated locations or times for carriers, recommendations for the right type/
quantity of (human and machine) resources in the distribution centre to handle deliveries as they arrive, and so on. All
such recommendations can provide tangible efficiencies and benefits to SELIS stakeholders.
Continuous integrated collaboration
Types of collaboration can cover a spectrum ranging from ad-hoc/informal to systematic. The SELIS methodology, and
SELIS Reference T&L Collaboration Framework should foster more systematic and deep types of collaboration, what
we coin "continuous integrated collaboration". SELIS currently supports mainly KPI management and the ability to
alert decision makers when some aspect of the businesses is not meeting predefined KPI levels. This supports timely
decisions on important aspects of the business such as falling inventory levels. In SC/transportation management,
most decisions are made with the use of intuition/experience and "gut feeling" Data are used to validate such
decisions, where such data are available. This is slowly changing in the transportation industry, where increasingly,
decisions and actions become metrics or data driven. Data used for decision making purposes, by individuals must
now be formally shared with other collaborators. This means that the decision maker must be able to retrieve such
data from the platform and share it on demand, on an as-needed basis and without assistance from IT support. The
more advanced level of collaboration maturity based on data sharing is therefore the ability to retrieve data from the
data sharing platform and share it on demand with authorised third parties. Moreover, such authorised individuals
should be able to not only access data but also share their views, ask questions, and track progress of resolutions.
Supporting multi-tiered collaboration
Real time visibility into suppliers at every tier is vital to the success of supply chains. Multi-tier supply chain visibility
is technically feasible with the SCNs and the integration and connectivity functionality it supports. However, nontechnical (e.g. business-culture) problems need to be overcome for visibility to include not only important tier 1
players, but also to reach the tier 2 and tier 3 ones as well.
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Implementing embedded mechanisms for quantifying and measuring the benefits of collaboration and using
them in value sharing mechanisms
SC partners must share similar views about the value of the savings achieved from collaboration, as otherwise, for
some of them collaboration may not seem worthwhile. The SCN needs to provide functionality for easy quantification
and measurement of the benefits of collaboration in order to enjoy broad adoption, extending the knowledge gained
in the LLs. Collaborating shippers for example, need to have a similar view of freight costs as a percentage of sales
revenue. Having partners handling similar commodities/volumes helps them to value collaboration and sharing from
the same perspective. This is key for example in motivating them to participate in collaborative processes such as
co-loading or synchromodality. SELIS LCM models therefore should be extended to provide profiling functionality for
members of the SCN community but also for prospective members to allow suitable collaborative partnerships to be
formed and supported. Transparency of value sharing mechanisms adopted is regarded essential to ensure longevity
and growth of collaboration networks.
Improving information quality, availability and timely delivery
Information and in particular, timely information availability, are two extremely critical aspects of SC management.
By not getting data to the appropriate decision makers in a timely manner, makes them potentially useless. By not
transmitting the information to the right decision makers, via the right mechanism also means that data loses value.
While SELIS addresses the later problem (via the Pub/Sub mechanism and content based routing), information quality
and timeliness is a harder problem to solve as it involves human behavioural issues. Future iterations of SCNs should
investigate the incorporation of mechanisms that ensure information quality (at the source), as well as its timely
delivery.

Addressing sustainability and climate change through cross
platform interfaces
The business performance of supply chains is only one yardstick for measuring their success. Supply chains are also
both affecting and affected by the environment that through factors such as resource scarcity and extreme weather
events has huge implications for global supply chains. Although climate related initiatives such as reducing carbon
emissions and improving energy efficiencies happen at individual organisations’ levels, it is now widely recognised
that sustainability issues must also be tackled at the supply chain level. Various collaborative initiatives, such as
Sedex (the supply chain ethical data sharing platform) have been setup to enabling businesses to share information
with each other.
SELIS SCNs incorporates provisions for environment related issues (such as the GLEC based reporting of GHG
emissions, as an integral part of managing SC performance) to be shared amongst its users. However, additional
environment related information should be both captured and shared with other collaborative platforms for
sustainability. Towards that end, there are technical issues for data interoperability regarding codes, certifications
and standards that need to be solved. Such interoperability however will be mutually beneficial as it will enable
more robust risk management and more resilient SCs by ensuring transparency in tracking emissions and more
transparency in identifying potential environment related risks.
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Federatable Supply Chain Community Nodes
SCNs through a Publish and Subscribe secure
infrastructure provide a distributed data sharing
infrastructure for pan-European logistics
applications

LCMs
Optimise
Share
Connect

LCMs

Data Sources

Figure 28: SELIS Federatable SCNs and endowed Technology Stack Components

SCN Connect-Share-Optimise Technology Stack
1. LCMs, SELIS Application Template
2."Optimise" Infrastructure: Data Aggregation,
Knowledge Graph, Event Log , Content-based routing
3. "Sharing" Infrastructure: Node Management, Adaptors,
Pub/Sub, Authentication, Access & Monitoring Services
4. "Connect" Infrastructure: Big Data Analytics
Infrastructure, ML algorithms
5. Data Sources: IoT Sensors, Gateways, Blockchain
Industry Platforms, T&L Databases and Systems
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8.2 Roadmap for future connected
logistics through data sharing
The SELIS project has produced key enablers towards a Shared European Logistics Intelligent Information Space with
a focus on synchromodality (Figure 28). SELIS Supply Chain Community Nodes enable smart collaboration between
stakeholders along the transport chain based on information sharing about all available transport modalities in realtime in order to switch between transport modes (water, rail and road) in the most effective and environmentally
friendly way.
SELIS developed and demonstrated how connectivity tools can be integrated with security and privacy preserving
services to enable data driven collaboration models that result in substantial economic and environmental benefits
for a broad range of T&L communities. It highlighted the importance of specifying Logistics Collaboration Models as
an innovation engine and how these models can be used to configure the Supply Chain Community Nodes. Central to
SELIS approach and architecture is using Big Data Analytics to establish predictive and optimisation algorithms that
provide business value to SCN participants. The design of the SCN comprises the use of Shared Knowledge Graphs
to manage interactions of logistics collaboration actors, advanced semantics, security, and analytics components
with integrated Content based Routing that constitute two early patent flings (already awarded in France). At the
same time making these components open source guarantees brooder use by European researchers and industry.
The later three patent filings on Cooperative Stock Optimisation for Integrated SC Management, Intelligent Dynamic
Container Routing and smart contracts reflects the project’s vision towards realising a next level of automation in
synchromodality in the direction of PI through SCNs federation.
From the outset, the importance of synchromodality and strategic capabilities such as SC visibility to support its
implementation was well understood and a main workstream was dedicated in this area. This produced an valuable
library of models, called EGLSs. It is, however, recognised that real value from this work will come from industry
acceptance.use and extension / refinement of these models. Consolidation and governance of Logistics Collaboration
Models for Efficient Low Carbon Transport, are flagged as important actions for industry forums such as ALICE and
standardisation bodies such as UN/ CEFACT, with whom SELIS collaborated in a productive way.
In terms of future research, the project experience points to the need for extending the community models tested in
the Living Labs as well as in other projects. Classification of collaboration models is needed and further elaboration to
reflect different communities’ needs in the light of emerging transport innovations such as electric and autonomous
vehicles and IoT driven automation as well as infrastructure developments, aligning the innovation roadmaps across
different modes (Figure 29).
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Figure 29: T&L Innovation Roadmap
Further, despite the substantive body of work on collaboration and data sharing incentives, researched in SELIS under
EGLS2, Collaboration Risk and Value Sharing, new incentive mechanisms are needed to fuel the step change required
in establishing a Shared European and global Logistics Intelligent Information Space.
Data sharing could be tightly linked to such models to increase automation in SCN configuration, particularly the use
of standard connectors linking data for each model. This implies emphasis on standardisation of models rather than
standardisation of messages. Further, Big Data Analytics Recipes can be extended linked to these models to support
the development of Smart Nodes, Corridors and Networks in a synchromodality or PI context. The development of
sensors and standardised IoT getaways becomes an integral part of this research dimension.

82

References
1.

[Online]. Available: https://cordis.europa.eu/project/rcn/204146/factsheet/enhttps://cordis.europa.eu/project/
rcn/204146/factsheet/en

2.

Savy, Michel. "Logistics as a political issue." (2016): 413-417

3.

Christopher, Martin. Logistics & supply chain management. Pearson UK, 2016

4.

Leinbach, Thomas R. Globalised freight transport: intermodality, e-commerce, logistics and sustainability. Edward
Elgar Publishing, 2007

5.

Clausen, Uwe, Joost De Bock, and Meng Lu. "Logistics Trends, Challenges, and Needs for Further Research and
Innovation." Sustainable Logistics and Supply Chains. Springer International Publishing, 2016. 1-13

6.

http://www.pwc.com/sg/en/publications/assets/future-of-the-logistics-industry.pdf

7.

Manners-Bell, John. Introduction to Global Logistics: Delivering the Goods. Kogan Page Publishers, 2016

8.

Geissbauer, R., Roussel, J., Schrauf, S., & Strom, M. A. (2013). Next-generation supply chains. Efficient, fast and
tailored. PWC Global SC Survey

9.

World Bank (2014): Logistics Performance Index: Connecting to Compete 2014, LPI_Report_2014

10. European Commission, Smart and sustainable logistics for a competitive Europe, http://www.transport-research.
info/Upload/Documents/201504/20150430_162337_40619_PB08_fin.pdf
11. https://www.smartfreightcentre.org/en/news/new-sustainable-freight-procurement-tools-support-companiesto-reduce-climate-impact-from-freight/875/
12. Fact-finding studies for an EU strategy for freight transport logistics FV355/2012/MOVE/D1/ETU/SI2.659384
13. MG-6.3-2015 - Common communication and navigation platforms for pan-European logistics applications,
H2020-MG-2014-2015
14. According to the World Business Council for Sustainable Development, collaboration between logistics operators
using freight exchanges, can yield cost savings of c.20% and a reduction in CO2 emissions of c.32% (WBSCD,
2017).
15. [Online]. Available: https://www.forbes.com/sites/jwebb/2015/11/23/why-supplier-collaboration-projects-keep-hitting-the-wall/#501570c23501
16. Fawcett, Stanley E., et al. "Why supply chain collaboration fails: the socio-structural view of resistance to relational strategies." Supply Chain Management: An International Journal 20.6 (2015): 648-663.
17. [Online]. Available: https://www.mckinsey.com/business-functions/operations/our-insights/supply-chain-40-the-next-generation-digital-supply-chain
18. Digital Transport and Logistics Forum: DTLF, [Online]. Available: http://www.dtlf.eu/ http://ec.europa.eu/transport/
media/news/2015-04-15-setting-up-dtlf_en.htm
19. ALICE (2016): Alliance for Logistic Innovation through Collaboration in Europe (http://www.etp-logistics.eu)
20. Simmer, L., et al. "From Horizontal Collaboration To The Physical Internet–A Case Study From Austria." International Journal of Transport Development and Integration 1.2 (2017): 129-136.
21. [Online]. www.wcoomd.org/en/topics/facilitation/instrument-and-tools/tools/pf_tools_datamodel.aspx
22. [Online]. Available: www.unece.org/cefact.html
23. [Online]. Available: www.gs1.org/
24. [Online]. Available: https://www.oasis-open.org/standards#ublv2.1
25. [Online]. Available: http://www.hksq.org/HKSTP-HKSQ-InnoMS-Seminar-20150124-Lotto.pdf
26. Barandika, Gotzone, et al. "Design of the Procedure Attached to the Process “Innovation Management” of Eidos,
a Materials Science Research Group, and Analysis of its Influence on the Formation of Doctorates." Conference
proceedings. The future of education. libreriauniversitaria. it Edizioni, 2014.
27. [Online]. Available: https://finnkollerup.com/2015/09/20/use-the-european-innovation-management-standard-as-your-innovation-checklist, Sept 10, 2018010, European Supply Chain Horizontal Collaboration.
28. [Online]. Available: http://www.gs1.org/docs/visibility/Supply_Chain_Visibility_Aberdeen_Report.pdf

83

References
29. Christian Titze, Ray Barger Jr., Evolving Concepts in Supply Chain, Gartner, Jan. 2015
30. Fact-finding study in support of the development of an EU strategy for freight transport logistics, Lot 3: Introduction of a standardised carbon footprint methodology, Contract no. FV355/2012/MOVE/D1/ETU/SI2. 659388,
Dec 2104.
31. [Online]. Available: https://ghgprotocol.org/blog/glec-framework-universal-method-logistics-emissions-accounting
32. Laporte, G.(1992). The vehicle routing problem: An overview of exact and approximate algorithms. Journal of
Operational Research, 59 (3), pp. 345-358.
33. Stahlbock, R, Voß, S. (2008). Operations research at container terminals: A literature update. OR Spectrum, 30
(1), pp. 1-52.
34. Crainic, T.G.(2000) Service network design in freight transportation. EU Journal of Operational Research, 122
(2), 288.
35. Eighty-six percent of Domestic Fortune 500 companies use 3PLs -Armstrong & Associates
36. UN/CEFACT datatype catalogue, https://www.unece.org/cefact/codesfortrade/ccts_datatypecatalogue.html
37. UN/CEFACT Core Component Library (CCL), https://www.unece.org/cefact/codesfortrade/unccl/ccl_index.html
38. GS1 ICOM: An integrated view on communicating business data, a white paper on GS1 and EPC integration,
Issue 3, 2011
39. e-Freight, One Common Framework for Information and Communication Systems in Transport and Logistics –
Facilitating Interoperability, Jan Tore Pedersen (Marlo a.s). June, 2011
40. [Online]. Available: http://ontology.tno.nl/logico/, http://ontology.tno.nl/logiserv/
41. SELIS D4.4 - Big Data Analytics and Machine Learning Subsystem (final version), May 2017
42. [Online]. Available: http://c2.com/ppr/stars.html
43. Bektas, T. and Crainic, T.G. A brief overview of intermodal transportation. CIRRELT, 2007
44. Crainic, T.G. and Kim, K.H. Intermodal transportation". In: Handbooks in operations research and management
science 14 (2007), pp. 467-537.
45. Christiansen, M. et al. “Maritime transportation". In: Handbooks in operations research and management science 14 (2007), pp. 189-284.
46. Dong et al. Investigating synchromodality from a supply chain perspective
47. June 2017Transportation Research Part D Transport and Environment
48. Alix Vargas et al, A New ‘Gain-Sharing’ Business Model to facilitate the Physical Internet via a Competitive, Collaborative Logistics Platform, IPIC 2019
49. [Online]. Available: https://errac.org/publications/strategic-rail-research-and-innovation-agenda/
50. OECD 2019 ITF Transport Outlook 2019 - ISBN 978-92-82-10830-7 © OECD 2019
51. SYNCHRONET: Synchro-modal Supply Chain Eco-Net, https://www.synchronet.eu
52. SMART- RAIL: Smart Supply Chain Oriented Rail Freight Services, https://smartrail-project.eu
53. Alice(2018).Roadmap:Corridors,HubsandSynchromodality.http:// etp-logistics.eu.Accessed15June2018
54. An overview is given in: M. SteadieSeifi, N.P. Dellaert, W. Nuijten, T. Van Woensel, R. Raoufi (2014). Multimodal
freight transportation planning: A literature review, European Journal of Operational Research 233(1): 1-15.
55. Bart van Riessen, Rudy R. Negenborn, Rommert Dekker (2016). Real-time container transport planning with
decision trees based on offline obtained optimal solutions, Decision Support Systems 89:1-16.

84

References
56. Pérez Rivera, A.E., Mes, M.R.K. (2017). Anticipatory freight selection in intermodal long-haul round-trips. Transportation Research Part E: Logistics and Transportation Review, 105: 176-194.
57. M. SteadieSeifi, N.P. Dellaert, W. Nuijten, T. Van Woensel, R. Raoufi (2014). Multimodal freight transportation planning: A literature review, European Journal of Operational Research 233(1): 1-15.
58. Masoud Khakdaman, Jafar Rezaei and Lóránt Tavasszy (2019). Modal control delegation: An emerging paradigm
in freight transportation and logistics, working paper, TU Delft.
59. B. van Riessen, Negenborn, R.R. & Dekker, R. (2017). The Cargo Fare Class Mix problem for an intermodal corridor: revenue management in synchromodal container transportation Flexible Services and Manufacturing Journal
29: 634.
60. [Online]. Available: https://www.export.gov/article?id=Incoterms-Overview
61. Feasibility of an immersive digital twin: The definition and discussions around the benefit of immersion, Catapult,
2018
62. Ad M. Madni et al. Leveraging Digital Twin Technology in Model-Based Systems Engineering, MDPI, Systems, 2019
63. K. Dohrmann et al., A DHL perspective on the impact of digital twins on the logistics industry, 2019.

85

THE TEAM

About this Paper
This white paper has been prepared with the contribution
of the SELIS project team listed below:
Author/Editor
Takis Katsoulakos, INLECOM
Key Contributors
Ioannis Konstantinou, ICCS
John Farren, IBM
Bill Karakostas, VLTN
Makis Kouloumbis, INLECOM
Ioanna Fergadiotou, INLECOM
Zisis Palaskas, INLECOM
Antonis Mygiakis, CLMS
Yannis Zorgios, CLMS
Oliver Klein, ISL
Frank Arendt, ISL
Pat O’Sullivan, INLECOM
Patrick Durkin, INLECOM
Kieran Flynn, IBM
Rob Zuidwijk, ERASMUS UNIVERSITY ROTTERDAM
Marcel Van Oosterhout, ERASMUS UNIVERSITY
Janez Merlak, ADRIA KOMBI
Carolina Ciprés, ZLC
Beatriz Royo, ZLC
Copyright Note
© SELIS Consortium, 2016-2019 - This white paper contains original unpublished work
except where clearly indicated otherwise. Acknowledgement of previously published
material and of the work of others has been made through appropriate citation, quotation or
both. Reproduction is authorised provided the source is acknowledged.
Contact
Makis Kouloumbis
gerasimos.kouloumbis@inlecomsystems.com
SELIS Project Manager
Inlecom Systems Ltd

86

THE TEAM

Acknowledgements

SELIS Project Partners

Nikos Tsampieris, INLECOM

INLECOM SYSTEMS LTD

Nectarios Koziris, ICCS

ADRIA KOMBI

Katerina Doka, ICCS

AVANTI COMMUNICATIONS LTD

Evie Kassela, ICCS
Veerle Leemen, VLTN
Spyros Lekkakos, ZLC
Kaye Cheri, CONEX SA
Yash Chadha, INLECOM
Georgia Tsiochantari, INLECOM
Ibad Kureshi, INLECOM
Gergana Zaharieva, INLECOM
Fotis Kolokotsas, INLECOM

BMT GROUP LTD
BUSINESS-E SPA
CLECAT
CLMS UK LIMITED
CONEX SA
DFDS AS
DHL EXEL SUPPLY CHAIN SPAIN
TECHNISCHE UNIVERSITAET DRESDEN
EBOS TECHNOLOGIES LIMITED
ELECTRONIC GERMAN LINK GMBH

Caren Tomkins, ELUPEG

ELGEKA AE

Brian Bolam, ELUPEG

ELUPEG LIMITED

Stephen Rinsler, ELUPEG

ERASMUS UNIVERSITEIT ROTTERDAM

Stelios Christofi, EBOS

ELLINIKES APOTHIKES SARANTITIS AE (SARMED)

Christos Skoufis, EBOS

IBM IRELAND LIMITED

Dimitrios Zissis, MARINE TRAFFIC

INSTITUTE OF COMMUNICATION AND COMPUTER

Marlos Silva, SONAE
Tiago Oliveira, SONAE
Britta Balden, EGERLINK
Hinde Boulbayem, SUMY
Ruben Gonzalez Criado, AVANTI
Javier Rivas, DHL
Wojciech Ozga, DRESDEN UNIVERSITY
Mark White, SECURITY PROJECTS UK LTD
Dimitris Kympizis, SARMED

SYSTEMS (ICCS)
INSTITUTE

OF

SHIPPING

ECONOMICS

LOGISTICS (ISL)
I.S.P.C. GENT
A.P. MOLLER - MÆRSK A/S
MARSEILLE GYPTIS INTERNATIONAL
SINTEF OCEAN AS
MAPOTEMPO
EXMILE SOLUTIONS LIMITED
NWL NORDDEUTSCHE WASSWEREG LOGISTIK

Toai Truong, SARMED

PHARMA BELGIUM SA

Roberta Desiderà, ZANARDO

HAVENBEDRIJF ROTTERDAM NV

Stathis Revvas, ELGEKA SA

SECURITY PROJECTS UK LIMITED

Anthony Cornoutos, ELGEKA SA

SONAE MC - SERVICOS PARTILHADOS, SA

Nicolas Rigo, ULB

SUMY BELGIUM

Sean Potter, DFDS

TRIMODAL LOGISTIK GMBH

Agathe Rialland, SINTEF OCEAN AS
Marianne Hagaseth, SINTEF OCEAN AS

UNIVERSITE LIBRE DE BRUXELLES (ULB)
VLTN GCV
WAYZ BV

Special thanks also to Sue Probert, David Roth

ZARAGOZA LOGISTICS CENTER (ZLC)

and Lance Thompson for their collaboration

ZANARDO SERVIZI LOGISTICI SPA

within the framework of the UN/CEFACT

FARM.COOP

programme and Fernando Liesa from ALICE

INFORMATION SHARING COMPANY SRL

for supporting SELIS dissemination to the
European logistics network of stakeholders.

87

AND

© SELIS Consortium 2016-2019
SELIS has received funding from the European Union’s
Horizon 2020 research and innovation programme under
the Grant Agreement No 690588
www.selispreject.eu

