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Abstract - This paper describes a pilot business case at the Port of Leixões, within a project named e-IMPACT, co-founded 
in the framework of the Connecting Europe Facility (CEF) and aiming at fostering an implementation action of e-Freight. 
The objective of the business case is to establish a collaborative e-Cargo system that enables proper ICT integration at two 
levels: organizational (all parties in the logistics supply chain around the Port of Leixões) and technological (through 
electronic multimodal logistic services supported by a connectivity infrastructure developed over CEF e-Delivery building 
block). The collaborative e-Cargo system supports description of logistics services in a catalogue, search for logistics 
solutions, booking and facilitates the exchange of planning and execution management information between all parties 
involved despite the fact that their corresponding legacy systems do not exchange information directly. The paper details 
how the pilot objectives were achieved. 
 
Keywords - Ee-Freight, TEN-T, logistics, transport, eDelivery, digital services, Maritime, Road, Rail and Inland Waterway 
Transport. 

I. INTRODUCTION 
 
Connecting Europe Facilities (CEF) [1]is a financing 
instrument aimed at encouraging economic and 
employment growth and improving the 
competitiveness of the European Union through 
infrastructure investments [2]. For the transport sector 
CEF supports investments in the construction of new 
transport infrastructure in Europe or in the 
rehabilitation / updating of existing ones;eliminates 
"bottlenecks" in the transport sector and develop new 
traffic management systems;improves the use of 
infrastructure, reduce the environmental impact of 
transport and improve safety and energy efficiency 
[3].In the e-Freightproject a set of messages from 
OASIS Universal Business Language (UBL)was 
adopted and further improved towards the 
representation of the main processes in the logistics 
and transports sectors. The e-Freight solution is 
designed to support the exchange of information 
between the multitudes of actors that compose the 
logistics chain of the freight transport [4]-[5].From an 
academic point of view, e-Freight demonstrated that 
the main logistics and transports business processes 
where able to be suitably represented. However, one 
additional step lacked, namely the adoption of e-
Freight by logistics and transports industry 
stakeholders (Terminal operators, ship owners, 
logistics operators and logistics integrators, 
companies, freight forwarders, port authorities, etc.). 
The e-Freight Framework is currently part of UBL 
version 2.1 as a component for logistic 
interoperability. UBL 2.1 was adopted as ISO IEC 
19845 standard [6].The e-IMPACT project [7] 
superseded the e-Freight project and aimed at setting 
a set of pilots that allow the logistics and transports 

industry to adopt, test, validate and provide 
contributes based on their practical experience of 
using e-Freight.e-IMPACT is carried out in the "core" 
ports of Italy (Trieste) [8], Poland (Gdynia) and 
Portugal (Leixões and Lisbon) affected by the TEN-T 
Mediterranean, Baltic-Adriatic and Atlantic corridors 
respectively [9]. During the e-IMPACT project, four 
specific business cases have been developed [10]. 
Each Business Case has the objective of implement a 
specific e-freight pilot. Each Business Case is 
structured in different sub-activities, is implemented 
in different geographical area and involves different 
stakeholders. The Activities set up in e-IMPACTare: 
 
Activity 1: e-Freight adoption toolkit; concerns the 
production of guidelines and templates for the e- 
Freight toolkit and the production of the connectivity 
infrastructure based on the e-Freight framework. The 
assumption is that e-Freight can be a unifying 
standard across modes of transport. The toolkit aims 
to facilitate the transition or the mapping from the 
current used formats to e-Freight [11]. 
Activity 2: Business Case 1: focusedin establishing a 
pilot multimodal freight journey planning and 
booking solution associated to intermodal operations 
in the Port of Trieste by Terminal Operator EMT - 
Europe Multipurpose Terminals. 
 
Activity 3: Business Case 2: focused in a pilot for 
delivering mechanisms to better plan and synchronize 
operations between land access to the port and 
terminal operations. e-IMPACT is producing an 
innovative Virtual Gate Operational System of the 
Port of Lisbon that provides consistent access control 
and truck flow management capabilities across all 
areas and terminals of the port, regardless the specific 
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profile of each terminal, their level of technological 
maturity and their pre-existing (or NOT) Gate and 
Access Control capabilities. 
 
Activity 4: Business Case 3: Collaborative e-cargo 
ecosystem; focused in the usage of e-Freight 
messages to provide interoperability between 
companies in the Port of Leixões ecosystem through 
an electronic platform that exchanged electronic data 
though e-Freight messages. 
 
Activity 5: Business Case 4: Information system for 
synchromodal operations in ports focused in 
developing a pilot for synchromodal operations in the 
Baltic/Adriatic Corridor. 
 
This paper addresses the work and outcomes of 
Activity 4, Collaborative e-cargo ecosystem within 
the e-IMPACT project and in the Portuguese context 
of the Port of Leixões. 
 
II. COLLABORATIVE E-CARGO SYSTEM 
 
The business case 3 is focused around the adoption of 
e-Freight principles on the Collaborative e-cargo 
ecosystem, which isbeing developed by the port of 
Leixões (see Figure 1).  
 

 
Figure 1:  Business case in the port of Leixões. 

 
Considering the e-Cargo ecosystem context this 
activity is comprised of 3 overall objectives: 
1. To deploy a set of pilot intelligent cargo (iCargo) 

solutions within e-cargo ecosystem;  
2. To use the e-freight framework toolkit developed 

in Activity 1; 
3. To have interoperability between stakeholders 

based on the e-Freight connectivity 
infrastructure.  

 
To achieve these objectives and to demonstrate its 
applicability several actions were undertaken and in 
the remainder of this paper 3 actions are described: 
 
1. deployment of the iCargo Pilot;  

2. deployment of the Gate-in Gate out Pilot;  
3. development of an e-Freight Client. 
2.1. Intelligent cargo pilot 
 
The Leixões intelligent cargo (iCargo) pilot is a 
solution within the e-cargo ecosystem thatintegrates a 
set of servicesand applications for the collaboration 
and multimodal chain sourcing, booking, planning 
and execution management over the Atlantic Corridor 
and also in articulation with other corridors. All types 
of stakeholders use it: shippers, freight forwarders, 
terminal operators, multimodal operators, road 
transport, rail transport, and air transport ground 
handlers, among others. To support interoperable data 
exchange between iCargo and any other systems 
within Leixões ecosystem the 4 corner model 
topology - defined by CEF eDelivery [3]- and its 
access points were extensively tested and adopted. 
Hence, a closed network of configured access points 
(one for each stakeholders) allowed e-Freight 
message exchange across the stakeholders systems 
and formed the connectivity infrastructure.  
 
Messages exchanged between any two given access 
points contained e-Freight payload exclusively.When 
and where conversions to/from e-Freightfrom/to other 
formats (e.g. for legacy systems support) were 
required, they were developed.The e-Freight 
connectivity infrastructure adopted by e-IMPACT 
provideda cheap, secure, reliable scalable, 
interoperablecross-border solution to this ecosystem, 
thus significantly increasing its added value to 
logistic chains. It also demonstrated that CEF 
eDelivery solutions, previously developed for e-
procurement, justice, are also suitable for the logistics 
and transport sectors. 
 
The set of pilot intelligent cargo solutions (iCargo) 
included in the e-cargo ecosystem, are: 
 
 Electronic catalog of Logistics services where 

logistics services providers and integrators, 
freight forwarders, ship agents can describe and 
publish their services in terms of multimodal 
logistics services.  

 A sourcing service that takes advantage of 
thecatalogue of multimodal services already set 
on the e-cargo ecosystem. Logistics service 
clients can query for logistics solutions and this 
service will present them with the suited 
solutions available at the catalog. A multimodal 
solution presented to the client can be composed 
of services available at the catalogue.  

 
Figures 2 and 3 shows the sourcing service login and 
query and sourcing serving resuts. 
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Figure 2:  Sourcing service login and query. 

 

 
Figure 3:  Sourcing service results. 
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 An e-booking (and publishing environment) for 
freight forwarders. This will take advantage of 
theservice catalogue of multimodal services 
already set on the e-cargo ecosystem, to prepare 
a publishingand sourcing environment based on 
e-Freight standards. 

 A set of door-to-door planning and execution 
management intelligent cargo services for 
LogisticService Providers and Logistic Service 
Clients. 

 A set of Low Cost applications for SMEs for 
smartphones with e-Freight connectivity 
embeddedinteroperability for: 

 
 Transport planning; 
 Electronic Booking and issuing of appropriate 

transport documents, including Single Transport 
Documents support; 

 Execution monitoring (e.g. tracking and tracing). 
 
iCargo connects to systems from other stakeholders 
through the e-Freight connectivity infrastructure. This 

network allows the logistic nodes around the port of 
Leixões to share (in an interoperable way) planning 
information and status events about containers, thus 
incrementing planning and execution management 
capabilities over the supply chain.  
 
2.2. Gate-in gate-out pilot: e-Freight data 
exchange between Port of Leixões and ASCENDI 
The Port of Leixões gate in/out is connect to the 
Portuguese highway network through a local highway 
that is managed by ASCENDI (a Transport Network 
Manager). It is of great benefit for both entities to 
exchange progress information regarding transport 
means. Fromthe Port of Leixões perspective, knowing 
truck location prior to accessing the gate-in allows a 
better management of traffic at the gate. From 
ASCENDI perspective, getting to know the amount 
of trucks that will leave the Port of Leixões and arrive 
at the highway allows ASCENDI to better manage 
their infrastructure and deal with potentialtraffic 
jams.Figure 4 illustrates the pilot data exchange 
between the Port of Leixões and ASCENDI.  

 
Figure 4:Data exchange between Leixões and ASCENDI. 

 
The pilot was instantiated with the use of two access 
points, one for each entity involved. Requests start 
either at APDL or at ASCENDI with a Transportation 
Progress Status Request (TPSR) where the truck 
license plate is the most important datain the request. 
From ASCENDI side, data related to trucks is 
available every time a truck passes through a highway 
gate. From APDL side, the internal gate management 
system provides this information. When data is 
available, for each TPSR received a set of one or 
more Transportation Progress Status (TPS) messages 

is sent to the original requestor with location 
information and actual/estimated arrival at each 
request location. Upon receiving such information – 
the pair license plate, location – the receiver is 
capable of rescheduling operations at the gate in order 
to accommodate in real time potential delays or early 
arrivals.Regarding the 4 corner model topology 
(Figure 5) adopted by the connectivity infrastructure, 
each TPSR request is issued by a system that acts as 
(Corner 1). 
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Figure 5:  4-corner model topology (CEF eDelivery). 

 
This system calls its own access point (Corner 2) with 
a message that contains the e-Freight message 
payload, and business process metadata. The source 
access point (Corner 2) is then responsible to encrypt 
and send the message to the destination access point 
(Corner 3). Depending on the business process 
metadata, the access point notifies a particular 

destination system (Corner 4) for an inbound 
message. In this case the access point notifies the 
ASCENDI system (destination) which retrieves the 
message and processes.Where required Corner 1 and 
Corner 4 may perform conversion between message 
formats. In this pilot, ASCENDI converts incoming 
e-Freight messages to DATEX II (see figure 6). 

 

 
Figure 6:e-Freight data exchange from Leixões to ASCENDI and conversion to DATEX II. 

 
When data is available and corresponding to TPSR requests, one or more TPS messages are sent in the reverse 
order following the same premises.  
 
2.3. e-Freight client 
The e-Freight client (Figure 7) was built to enable an industrial demonstration environment where multiple 
stakeholders can implement and testsystem interoperability between each other based on the e-Freight 
connectivity infrastructure. 
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Figure 7:Detail of e-Freight client. 

 
The e-Freight client is composed of a Web User 
Interface and a server component, and its role in the 4 
corners model of Figure 5 is either to fulfil the roles 
of corners 1 or 4, or to act as proxy to a legacy 
system.As so, the e-Freight Client has the required 
functionalities to simulate the normal operation of an 
organization backend system. These functionalities 
include: 
 
 send and receive e-Freight messages, 
 The e-Freight client can exchange any type of e-

Freight message with any of the entities in the 
connectivity infrastructure, as long as a mutual 
agreement is valid;  

 interpret and extract content e-Freight messages, 
 The e-Freight client can interpret any type of e-

Freight messages and is currently extracting 
relevant content for presentation and functional 
requirements; 

 translate messages between standards, 
 To simulate the requirement of supporting legacy 

systems, the e-Freight client has the capability of 
translating between message standards, e.g the 
client can be used to send certain EDIFACT 
messages, those messages will be translated to e-
Freight before being sent; 

 Support for new translations can easily be added 
as extensions; 

 a limited functional system, 

 The e-Freight client can simulate desktop and 
mobile user interfaces that can:  

 submit and receive Booking requests; 
 create sub-Bookings; 
 track-and-trace a booking; 
 manage Equipment and Means notification 

Requests; 
 automatically route received events or 

notifications; 
 send equipment and means events and 

notifications directly from logistics actors, such 
as truck drivers. 

 
2.4. Test scenarios 
Based on the work described in the previous section a 
set of industrial test scenarios was developed and 
tested. The goal with these scenarios was to evaluate 
the application of e-Freight with real content from the 
distinct stakeholders of the logistics and transport 
sector. Figure 8 depicts a generalization of the tested 
scenarios. In this figure, the main entities are 
identified as circles connected by lines that represent 
message exchanges. The e-Freight message types are 
represented next to the lines. For each of these 
entities an access point is required and an e-Freight 
client was installed. A mutual agreement and 
configuration was defined for every pair of 
connecting entities. All message content exchanged 
through the connectivity infrastructure is e-Freight.  
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Figure 8:Generalization of test scenarios. 

 
Test scenario #1 
In this test scenario goods are produced in one of the 
Portuguese wood industries and transported by road 
until the closest Dry Port and stored. From there, 
goods are transported by road until the Port Terminal 
of Leixões where goods are loaded into a vessel. The 
stakeholders for this test scenario are SONAE 
(Industry), SPC (logistics platform – dry port – 
freight forwarder), and TCL (Leixões port terminal). 
For this test scenario SONAE sends a TEPR to SPC, 
which later exchanges a sequence of TEP messages 
until a booking is firmed. During this process, SPC 
sub-books terminal allocation to TCL by exchanging 
a TEPR and later one or more TEP messages. After 
the booking is accepted a sequence of TSR and TPSR 
messages are propagated from SONAE > SPC > 
TCL. Each of these entities stores the messages it 
receives from the requestors in their own systems. As 
soon as any of these entities get new information 
about an equipment or about a transport means it 
searches their system for previously stored 
TPSR/TSR and replies to these requests by sending 
TPS/TS to the requestors.  
 
Test scenario #2 
Goods are produced in one of the Portuguese stone 
quarries and transported by road until the closest Dry 
Port with Customs Office and stored. From there, 
goods are transported by rail until the Port Terminal 
of Leixões where goods are loaded into a vessel. The 
stakeholders for this test scenario are JOMATIR 
(freight forwarder), TVT (logistics platform – 
dryport), and TCL (Leixões port terminal). In this 
scenario the iCargo sourcing, quotation and booking 

services are used to support the process of finding, 
negotiating and contracting a logistic service. The 
service was previously described in the logistics 
service catalogue by the freight forwarder and 
comprises the following stages: road > dry port > Rail 
> Port terminal > Sea (Deep). In the previous 
sequence, the set dry port > Rail > Port terminal is 
offered as an extended gateway service. Message 
exchange follows the same logic described in test 
scenario #1. 
 
CONCLUSIONS 
 
In this paper we present and illustrate a pilot business 
case of the adoption of e-Freight by logistics and 
transport industry stakeholders, enabling proper ICT 
integration at port level and at multimodal service 
integration level. This work was implemented as an 
activity within the scope of the project e-IMPACT 
that was co-founded by the framework of the 
Connecting Europe Facility (CEF).Specifically, the 
work is focused in the usage of e-Freight messages to 
provide interoperability between stakeholder 
organizations in the Port of Leixõesecosystem, 
through a business case designated by collaborative 
eCargo system. In this context 3 actions were 
developed: 1) test and adoption of the (CEF 
eDelivery) 4 corner model and Access Point 
implementation Specificationby Intelligent Cargo – a 
solution within eCargo; 2) traffic information 
exchange between Leixões Gate system and 
ASCENDI – a Portuguese Highway Transport 
Network Manager – using e-Freight messages; and 3) 
development of an industrial demonstration 
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environment where multiple stakeholders use and test 
systems interoperability based on the developed e-
Freight connectivity infrastructure.The design and 
development of the pilot and actions has been 
described according to technical requirements 
specification issued in previous business case phases 
of the project, based on ICT technology and devices, 
to manage and facilitate the access to information on 
freight transport across the multi-modal logistics 
flow.To test the outputs of these three actions, two 
real world test scenarios where developed with the 
objective to evaluate the application of e-Freight with 
real content from the distinct stakeholders of the 
logistics and transport sector. These Test Scenarios 
where run on the collaborative eCargo system in real 
environment, with controlled parameters.These test 
scenarios demonstrated the ability to foster a paper-
free ecosystem of interoperable systems and 
automatic message exchange, fulfilling e-Freight 
assumptions. 
 
The main benefits achieved with the implementation 
of the pilot were: 
 Demonstration of e-Freight adoption in an 

industrial ecosystem; 
 Full automatic, reliable and secure exchange of 

information in a common vocabulary within the 
Leixões ecosystem and an enhancement in 
communications; 

 Easy integration with legacy systems through an 
extendable translation mechanism that adds the 
capability of translating between virtually any 
standard and e-Freight; 

 Single-point centralized authentication 
mechanism supported on eCargo, that provides 
distinct access rights to each stakeholder (clients, 
providers, etc.). 

 
These benefits allow an improvement to the overall 
ecosystem. By exchanging more value-added 
information, execution and planning activities can be 
undertaken with more reliable real time data. 
Unforeseen and unpredictable events can also have a 
more prompt response. Hence, most of the technical 
issues to implement e-Freight in an industrial 
environment were tackled, but further work is 
required, for instance, related to the technical 
governance of the e-Freight connectivity 

infrastructure in a multi-entity cross-border 
environment. 
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