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Executive Summary 
PIONEERS (Portable Innovation Open Network for Efficiency and Emissions Reduction Solutions) 
addresses the challenges that EU ports face in their effort to reduce their environmental impact 
while remaining competitive and coping with the continuous growth of the sector. The project 
aims to deliver a number of outcomes such as 19 innovative demos with positive environmental 
impact for ports, port-cities and hinterland connections. These demonstrations expand in four 
major pillars of Green Ports which are: Pillar 1. “Clean Energy Production, Storage & Supply”, Pillar 
2. “Sustainable port design”, Pillar 3. “Modal Shift and Flows Optimization” and Pillar 4. “Digital 
Transformation”. 

Together all four pillars will contribute to PIONEERS global objectives of accelerating the 
deployment of technological, non-technological and socially innovative solutions to facilitate the 
ports in the process of becoming sustainable, smart, green, and resilient. 

Scoping documents are prepared for each one of the four pillars of PIONEERS, following the WP 
structure of the projects that also develops them in different WPs. Thus, the produced 
deliverables are D3.4 “Clean Energy Production, Storage & Supply”; D3.5 “Sustainable port design”; 
D3.6 “Modal Shift and Flows Optimization” and D3.7 “Digital Transformation”. 
 
This deliverable describes the scoping of the PIONEERS’ demonstrations in Pillar 2. “Sustainable 
port design” covering 4 demonstrations:  

• Local resource recovery for green, circular concrete;  
• Hydrogen heating for buildings;  
• Green Straddle Carriers; 
• Green Last Mile – electric trucks.  

 
The last demonstration is implemented in the Port of Venlo, the other ones are implemented in 
the Port of Antwerp-Bruges. The transfer of technologies will not be part of this document. 
However, this document will be a key input to WP8 “Co-transferability of PIONEERS innovations”. 

All the demonstrations have well-defined objectives, but these objectives are not isolated and 
are part of the joint objectives of the pillar.  
 

The objective of this document is to scope all the demonstrations in order to define both the 
specific demo objectives, as well as the global objectives of the pillar, and to contribute to the 
overall success and reach the objectives of the PIONEERS project.  
 

The starting point of this document are the 3 previous deliverables of WP3 “PIONEERS Actions: 
requirements co-definition, specifications, cross-action alignment, and deployment monitoring”. 
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The present document builds on D3.1 State of the Art, Gaps and Challenges for Green Ports to 
expand and detail the challenges and barriers existing in the different demonstrations. 

D3.2 Port Stakeholder Analysis and End-User Needs and D3.3 PIONEERS Scenarios, Personas, 
Use Cases and Demonstration Requirements are key documents to identify the user needs and 
the different personas involved in each of the demos, and also to define the user requirements. 
In this scoping document the user needs and personas are key inputs to define the demonstration 
description and objectives. The well-defined user requirements in D3.3 help us to define the 
demonstration implementation requirements and demonstration design, where a detailed list of 
technical requirements is identified. 

Finally, every demo will be followed up during the upcoming months by a detailed time plan 
provided in this document. 

The Sustainable port design scoping document has achieved the initial objectives of describing 
the scoping of the WP4 demonstrations. The scoping document includes the design, technical 
specifications, data requirements and correlation with other actions and demonstrations, linking 
the description to the Clean Energy Production, Storage & Supply pillar. 

This document will be used, both as a blueprint during all the demonstration preparation, 
execution, and evaluation period, as well as provide a starting point to define the demonstrations’ 
co-transferability actions. 

 

1 – Introduction 
The scope of this document is to present and discuss technical aspects that are relevant to the 
implementation of the demonstrations of Sustainable Port Design and document the design, 
technical specifications, data requirements, correlation with other actions and demonstrations, 
link of the demonstration objectives with the PIONEERS objectives, integration requirements with 
the ports’ infrastructure and technological barriers that may hinder the implementation plan. Non-
technological barriers for circular building and greening port equipment and vehicles are out of 
scope of this document but will be identified and discussed in deliverable D5.1.  
 

The document will be the blueprint for each demonstration and will include system requirements 
that will address technical, operational, societal, environmental, legal, security and other relevant 
aspects of the system. These will be based on stakeholder feedback that was documented in the 
form of user needs and demonstration scenarios in deliverable 3.2. Deliverable 3.2 discussed in 
detail how a first scoping of external stakeholders expressing interest in the PIONEERS project 
was done by organizing four workshops in the PIONEERS ports (Port of Antwerp-Bruges, Port of 
Barcelona, Port of Constanta and Port of Venlo). As part of these workshops, a survey was 
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conducted to grasp the high-level needs of these stakeholders, reflecting the demand for 
PIONEERS innovations at that moment in time.  
 

Extracted technical requirements will be prioritised and linked to user requirements as 
documented in deliverable 3.3, following a structured format that will enable progress monitoring 
and achievements until the project end. Deliverable 3.3 analysed the functional and non-
functional user requirements of the PIONEERS’ demonstrations following a systems’ engineering 
approach in an effort to assure that the user needs and use cases are transformed into valuable 
information regarding the technical, operational, societal, environmental, legal, security and other 
relevant aspects of the demonstrations in the relevant ports. Both D3.2 and D3.3 constitute the 
basis of the implementation progress as they will be used as reference points for the Scoping 
documents (D3.4-D3.7).  
 
The document is organised starting with an introductory section (section 2) where the pillar 
description and objectives are described followed by specific main sections for each of the 
demonstrations (sections 3 to 6) that will be implemented in pillar Sustainable Port Design. For 
each demonstration, the following aspects are described: 

- Demonstration description, where a detailed description of the demonstration along with 
a narrative of how it is going to be deployed and tested is presented. 

- Demonstration objectives, where the objectives of the demo are listed and linked with the 
WP objectives of sub-section 2.2 of this document. 

- Demonstration implementation requirements, that include any data/asset/infrastructure 
requirements as well as possible links with other demonstrations or linked actions of 
PIONEERS. 

- Demonstration challenges & barriers, that detail and refine the challenges & barriers that 
were described in deliverable 3.1. 

- Demonstration time plan, including a time plan of implementation including milestones 
and deliverables related to the demonstration. 

- Demonstration design, where a technical description of the demonstration is specified. 

For each demonstration a specific chapter is dedicated to the description and objectives of the 
demonstration. The implementation requirements, challenges and barriers, a time plan and the 
design are added to the annexes of this document.  

The document is finalised with the overall conclusions shared by the different demonstrations 
that are part of the Sustainable Port Design pillar.  

The PIONEERS demonstrations in the 3 other pillars are described in the respective Scoping 
documents D3.4, D3.6 and D3.7. 
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This deliverable will follow the guidelines outlined in D11.4 – Data Management Plan. As 
mentioned in the data management plan, the research carried out in PIONEERS follows the Open 
Research Data Pilot Principles (FAIR principles). It also explains how the demonstrations will 
comply with the requirements established by the EC and national regulations, as well as with 
GDPR rules and guidelines with respect to the privacy of EU citizens. The Data Management Plan 
describes the principles of data security to show how data is being collected, stored, 
documented, shared and reused during and after the project. It also introduces the data types 
that the ports intend to gather and use during the execution of the demonstrations. 

 

Intended readership 

This deliverable is public and therefore addressed to internal and external readers. 
 
Remarks 

During the development of this deliverable, it became evident that the level of dependencies 
demonstrations have on factors such as linked actions and other projects deployed in PIONEERS 
ports, varies significantly between demonstrations. Demonstrations that have high dependency 
on such factors will need to be revisited and the requirements and relative design of the 
demonstration may need to be revised. Any changes to the initial requirements and relative 
design will be updated in the Requirements Traceability Matrix (RTM) along with documentation 
of the required changes. The RTM will remain a living document throughout the project to track 
both progress and relative changes while the final design will be reported in the relative 
deliverables upon completion of the demonstrations. 
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2 – Sustainable Port Design 
The solutions demonstrated in WP5 Sustainable Port Design will increase efficiency and 
sustainability by demonstrating in a real port environment green logistics operations and 
circular/low emission building solutions.  

2.1 – Pillar description 
In addition to strategic activities like master planning, operational activities take an important 
role in transition governance in ports. Such activities focus on the short term and show that 
alternatives are already achievable in today’s maritime world1. Individual ambitions, 
entrepreneurial skills or promising innovations drive operational projects, as is the case for the 
19 demonstrations of the PIONEERS project. The pillar can be sub-divided into 2 main actions:   

Action 1: Sustainable and Circular Construction  

The following 2 demos are linked to this action:  

1. Local resource recovery to partially replace the sand aggregate in concrete, with the 
aim to produce green, circular concrete for e.g. quay elements and linear terminal 
elements;  

2. Hydrogen heating for buildings to avoid the emissions of CO2;  

Action 2: Green Logistics Operations  

The following 2 demos are linked to this action:  

3. Green straddle carriers will use hydrogen as fuel in an operational context on a 
container terminal, with focus on a technical, safety and regulatory assessment.  

4. Green Last Mile will demonstrate the use of large and ultra-fast charging batteries to 
optimize the use of electric trucks for logistics in a port.  

These projects demonstrate sustainability and innovation beyond supply and demand of 
energy in ports. They integrate green and smart logistics and operations at, to and from ports as 
well as improve the energy-efficiency of buildings and infrastructure.  

Other lighthouse projects in the field of sustainable port design are already being funded by the 
PIONEERS port communities themselves or through other funding channels:   
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• The business plan 2022-2025 of the Port of Antwerp-Bruges mentions the port’s vision 
for a circular industrial platform, materialized through projects such as Antwerp@C (a 
consortium that aims at CO2 capturing and storage), NextGen District, ECLUSE (steam 
network) and Warmtenetwerk Antwerpen Noord (heat network). Also, Zero-pellet loss as 
well as the plastic catcher are priorities for the port authority. While greening of logistic 
operations is not mentioned explicitly, the provision of onshore power supply for ships 
has a prominent place in the business plan.  

• The Barcelona Port Authority mainly aims to achieve the electrification of the wharves. A 
few examples include the construction of the Cerdà-Port electrical sub-station and calls 
for pilots for connection of container and ro-ro vessels to the electrical network; a pilot 
test for the supply of a clean zero carbon fuel; the launch of a nautical bus service to 
Nova Bocana and the maritime ferry between Espanya wharf and the Fishermen’s wharf; 
the inclusion of an efficiency and energy-saving protocol in the concessions and port 
facilities; and the conceptualisation of a project to use the cold produced by the gasifier 
of the LNG terminal for conservation and freezing uses in cold logistics warehouses.  

• The project electric Green Last Mile (eGLM) has, since 2017, aimed to achieve the 
deployment of electric trucks in logistic hotspots like Venlo. The Port Vision 2020 
provides for optimal deployability of the trucks by the installation of ultrafast-charging 
stations at strategic locations in the short term (before 2025). For greening of the 
business park, the Municipality of Venlo provides a research assignment and will involve 
the companies present in the process. This ambition forms the link with the action to 
draw up a Green Ports Master Plan within PIONEERS.   

2.2 – Pillar objectives 
The main objective of this pillar is to increase efficiency and sustainability by demonstrating in a 
real port environment green logistics operations and circular/low emission building solutions. 
The solutions demonstrated lay a solid foundation towards future-proof energy neutral port 
ecosystems and will realise an impactful reduction of port-related emissions from different 
sources. These objectives are linked to the global project objectives, more specifically to:  

Deploy sustainable port infrastructure beyond energy supply and demand. Port operations 
require significant infrastructure (buildings, quays, roads, equipment) that affects sustainability 
beyond energy supply, storage and demand. Hydrogen will be used to replace natural gas 
required for heating the port buildings and save 14,5 tons of CO2 emissions while hydrogen and 
electric operated alternatives will be evaluated for the 450+ straddle carriers operating at the 
PoAB. Studies to link ecological impact to the lifespan of building materials will be carried out to 
reveal the optimal deployment scenarios in order to reduce ecological impact of infrastructure 
within the port. This objective will enable ports to introduce alternative fuels for yard vehicles, 
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reduce the environmental impact of port infrastructure, promote effective and green land use 
and provide the means for continuous improvement towards achieving climate neutrality.  

Co-defining and transferring PIONEERS demonstrations to fellow ports during the project 
lifecycle. The creation of collaboration networks and public-private partnerships required to 
define, adopt, and deploy a selection of project demos at the fellow ports during the project 
lifecycle are a key element of the PIONEERS project. PIONEERS will define a framework for co-
definition and execution of the 19 demonstrations and co-transfer and scale them up at fellow 
ports and beyond. Selected demonstrations will be deployed during the project lifecycle, 
seeking to exploit project exchange benefits as early as possible. Mobilizing stakeholders (i.e., 
public and port authorities, representative bodies and barge/ terminal operators, freight 
forwarders, shipping lines, shippers, transport companies) will ensure the definition of viable 
innovations whose market take-up will be ensured by outlining and addressing technical, 
socioeconomic, safety and sustainability challenges, barriers, and opportunities.  

The 4 demonstrations in this pillar all take place in the Port of Antwerp-Bruges with the aim to 
be transferred to one or more fellow ports during or after the end of the PIONEERS project. 
Below is an overview of the demonstrations and their transferability potential:  

Demo description  Implemention 
location  

Transfer during the 
project  

Transfer after the 
project  

Local resource recovery for 
green, circular concrete  

PoAB    PoC  

Hydrogen heating for 
buildings  

PoAB  PoC  PoV  

Green straddle carriers  PoAB  PoC  PoB  

Electric green last mile  PoV    PoAB, PoB & PoC  
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3 – Local resource recovery for green, 
circular concrete 
3.1 – Demonstration description 
To support the growth of containers of the Port of Antwerp, additional container handling 
capacity is needed. This project is now as the ECA (Extra container handling capacity) project. As 
part of ECA a second tidal dock will be constructed.   

The construction of the quay walls requires large volumes of concrete. To produce this 
concrete, fine and coarse aggregates are needed. Instead of relying on natural resources 
sourced from distant locations (e.g. imported sand from Germany, the Dutch or the Belgian 
continental shelf), a substantial part of the fine aggregates can be locally sourced by the 
recovery of fine construction aggregates from the large available volumes of excavated 
(sub)soil materials.   
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As this demonstration is linked to the typical geology of the Port of Antwerp, this demonstration 
is not transferable to other ports of the Pioneers consortium. However, the high demand for 
qualitative resources makes this demonstration very relevant for Antwerp en Flanders. In 
parallel, a Flemish project (Circulair projectbeton Haven van Antwerp - ‘Circular project 
concrete – Port of Antwerp’) supported by the Flemish government is focusing on the economic 
and legal aspects of the use of these purified sands and concrete in other applications in 
Flanders.  

3.2 – Demonstration objectives 
This demonstration targets a minimum replacement of 40% of the sand aggregate in concrete 
by locally recovered excavated materials while maintaining concrete performance and 
durability (service life).   

The objectives (O) are the following:  

• O1 - Recovery of fine aggregates for concrete from locally excavated (sub)soil: concept 
refinement and lab-scale validation (dominantly performed outside of PIONEERS).  

• O2 - Concrete mix design: optimising concrete designs with recovered fine aggregates 
(dominantly performed outside of PIONEERS).  

• O3 - Optimisation of performance and durability compliance testing: based on the 
durability test results of BUILDWISE and VITO will parameterize a service life prediction 
model.  
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• O4 - Demonstration of concrete from recovered aggregates: production upscaling, 
installation, and in-situ monitoring. A large batch (+10 tonnes) of recovered fine 
aggregates will be produced. Different types of concrete elements will be made to 
demonstrate suitability in the desired applications and relevant environments.    

• O5 – Reporting, data outreach and critical evaluation: A report on the demonstration of 
recovery, production, installation and in-situ monitoring of concrete elements will be 
drawn up by VITO and BUILDWISE (D5.2). Moreover, the whole approach of using local 
resources in high value applications will be compared to the business-as-usual 
approach by BUILDWISE. These results will be presented to the stakeholders, together 
with the techno-economic and environmental evaluation LCA (Life cycle assessment) of 
the processes and products (D5.3).  

After purification of the sand, the materials will be characterised using the actual standards for 
fine aggregates for use as resources for concrete. When the materials are in line with the actual 
standards, they will be used for the second step: use in mortar bars.  



 

D3.5 Sustainable Port Design Scoping Document   18 

Mortar bars with reference sand and purified sand in different replacement rates (0% to 100%) 
will be made and tested and compared to the performance levels of the reference (0% 
replacement).   

A comparable test and validation approach will be used for the concrete tests.   

• BUILDWISE:  

o WP1_BUILDWISE – O2: Concrete mix design  

This subtask consists of two pilot programs designed to evaluate the influence of locally 
excavated sand replacement in both mortars and concretes through specific mechanical and 
durability tests.   

A mortar program allows for a quicker screening of a larger number of compositions. A worst-
case scenario approach is chosen in this subtask. Namely, experimental mortar compositions 
will be fabricated by 100% volumetrically replacing the sand in a standard mortar composition 
by five locally excavated sands. Two reference mortar compositions will be made with 100% 
natural BENOR sands. Based on a consultation round with concrete producers, it will be 
checked which BENOR sands are used and available in the region around the port.  

Two relevant and high-performance cement types will be applied. For massive maritime 
engineering applications, cements need to have a low heat of hydration (LH), a resistance to 
sulphates (SR, HSR) and a limited alkali content (LA). Specifically, the following two cement 
types were selected: (1) CEM III/B 42.5 N-LH/SR LA and (2) CEM V/A (S-V) 42.5 N-LH HSR LA. 
These cements have the necessary properties for the manufacture of medium and high 
strength concrete and for use in massive and critical constructions, such as quay walls, exposed 
to an aggressive seawater environment.  

In the mortar test program, 5 experimental sands and 2 reference sands will therefore be 
combined with 2 specific cement types.   

In the concrete program, different concrete mixtures (#9 in total) will be tested based on 2 
selected locally excavated sands and the selected cement type (selection via mortar testing 
programme). Four different sand replacement rates (i.e. 10%, 20%, 30% and 40% replacement of 
the BENOR sand by mixed sand) will be tested per experimental sand type. The coarse 
aggregates in the experimental concrete mixes will be 100% BENOR aggregates. A reference 
concrete composition (i.e. 0% sand replacement) will be made with BENOR sand and 
aggregates which are available in the region around the port (cf. consultation round with 
concrete producers).  
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All manufactured concrete compositions will be drawn up in accordance with the requirements 
for the environmental classes XC4, XS3, XF4 and XA1 from standards NBN EN 206 and NBN B 
15-001. These environmental classes translate into an environmental class ES4 "tidal and splash 
zone" from the above standards to which a concrete type T(0.45) is linked with a maximum 
water cement ratio of 0.45, a minimum cement content of 340 kg/m3, and a minimum 
compressive strength class C35/45. The mixtures will be prepared and further optimised 
through practical mixture design.   

It is also important to mention here that the specific suitability for use of the abovementioned 
cement types in reinforced concrete (Level II) has been demonstrated for an ES4 environment 
class with due regard for the additional restrictions of standard NBN B 15-001 (e.g. at least 360 
kg/m3 CEM III/B).   

o WP2_BUILDWISE - O3: Optimisation  

Based on the results of WP2-BUILDWISE, an optimal concrete mix design can be formulated 
which targets maximal sand replacement rates (optimally 40 v%) in combination with concrete 
characteristics in accordance with the requirements for the environmental classes XC4, XS3, 
XF4 and XA1 from standards NBN EN 206 and NBN B 15-001.  

Optimisation of performance and detailed durability compliance testing of this composition is 
foreseen in this WP. More specifically, the required mechanical and durability test in 
accordance with NBN prB 15-105 will be performed to fully assess the suitability of the selected 
composition for use in cement-bound applications. Based on the results VITO and BUILDWISE 
can parameterize a service life prediction model.  

o WP3_BUILDWISE – O4: Demonstration and monitoring  

Different types of concrete elements will be made with the concrete composition optimised in 
WP2_BUILDWISE to demonstrate suitability in the desired applications and relevant 
environments. Representative elements for massive quay elements and linear terminal 
elements will be (semi) industrially produced and some will be equipped with optical fibre 
sensors to monitor deformation. Also, smaller elements will be produced and installed in the 
splash zone of the quay to monitor concrete durability in situ. On a regular basis the elements 
will be visually assessed (e.g. cracks, decolouration, spalling), and data on key durability aspects 
measured (e.g. carbonation depth, chloride content, sulphate attack).  

o WP4_BUILDWISE – O5: Reporting  

Two reports will be drawn:   (1) on demonstration of recovery, production, installation and in-situ 
monitoring of concrete elements (PoAB, VITO and BUILDWISE; D5.2);   (2) on critically evaluating 
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and comparing the whole approach of using local resources in high value application to the 
business-as-usual approach. The latter report will be presented to the stakeholders, together 
with the techno-economic and environmental evaluation LCA (Life cycle assessment) of the 
processes and products (BUILDWISE; D5.3).  

The demonstration will result in 2 deliverables (D):  

• D5.2: Report on demonstration of recovery, production, installation and in-situ monitoring 
of concrete elements [M54]. On a yearly basis the elements are visually assessed and 
data on key durability aspects are measured and gathered in this report. Lead 
beneficiary: Port of Antwerp-Bruges.  

• D5.3: Practical guide to use local resources in concrete [M54]. Lead beneficiary: 
BUILDWISE.  

These specific objectives are connected to the global objective of the ‘Sustainable Port Design’ 
pillar to increase sustainability by demonstrating in a real port environment circular/low 
emission building solutions. 

3.3 – Personas involved in the demo 
This section gives an overview of the personas involved in the demo, i.e. the users of the demo 
in terms of their functions or roles.  

Persona Role 

Project manager Supervising and organizing the operation of 
the demo 

Lab technician – concrete lab Practical implementation: producing the 
concrete mix based on the optimized mix 
design. 

Lab technician - monitoring Installing the monitoring equipment on the 
concrete parts and recording the data 

Concrete producer Will produce the needed volume of concrete 

Data analyst  Will analyse the data from the monitoring 
(during 2 years) 
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3.4 – Demonstration Design 
This demonstration is a feasibility study that will focus on meter- to decametre-scale massive 
quay elements and linear terminal elements (equipped with optical fibre sensors to monitor 
deformation) as well as smaller elements installed in the splash zone of the quay (to monitor 
concrete durability in situ).  

 

3.5 – Demonstration Implementation Requirements 
In the project, we will demonstrate the use of local sand in the construction of port 
infrastructure. The requirements for the concrete designed and demonstrated are the same as 
for standard concrete for port applications.   

The following requirement have been identified by BUILDWISE and VITO:  

• Location: Representative maritime location at the Port of Antwerp to submerge, test and 
evaluate for min. 1.5-2Y the meter- to decametre-scale massive quay elements and 
linear terminal elements (equipped with optical fibre sensors to monitor deformation) as 
well as smaller elements installed in the splash zone of the quay (to monitor concrete 
durability in situ).  

• Location: A site to produce and cure the concrete elements and to install sensors.  

• Material: sufficient concrete raw materials (locally recovered excavated sands, natural 
aggregates, cement etc.)  

• Facility: Concrete production plant to produce the optimised concrete composition.  

• Facility: purification facility/equipment for locally recovered excavated sands (~10 T 
production volume).  

• Sensors: optical fibres and acquisition setups (BUILDWISE)  

• Laboratory: equipment to core, sample and test the concrete specimens (BUILDWISE)  

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 9.1 – Local resource recovery for green, circular concrete. 

 

3.6 – Demonstration Challenges & Barriers 
The following challenges and barriers have been identified by BUILDWISE and VITO:  
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• Technical challenges and barriers  

o The soil layers in the port of Antwerp contain a lot of impurities (clay, shelves, organic 
matter, etc.) which could have a negative impact on the concrete. Technically these 
impurities can be removed, but this has an impact on the costs. Therefore, a good 
approach to purify the materials is needed.   

• Regulation / assurance   

o In order to use a mix design to construct the quay walls, an additional certification step is 
needed. To convince the certification bodies, it is important to involve them as soon as 
possible in the process. Research results will be shared, and the consortium will be 
transparent.  

Practical   

o Contractors are used to order sand and use it in their concrete mixes. When local sand is 
used, they must also deal with the purification process. Probably the consortium needs 
to expand and include experts in aggregate processing. Important remark: the main 
contractors already have their own aggregate producing sites, so knowledge is 
available.  

 

3.7 – Demonstration Time plan 

 

  



 

D3.5 Sustainable Port Design Scoping Document   23 

4 – Hydrogen heating for buildings 
4.1 – Demonstration description 
In order to meet its aggressive CO2 emission reduction objectives (buildings -92 percent by 
2030 compared to 2005), the Port of Antwerp-Bruges, in collaboration with Tractebel, assessed 
the possibility of hydrogen as an energy carrier to meet the thermic energy demands of a (port) 
building. Therefore, the demonstration is about the substitution of the current heating 
infrastructure (i.e., Natural gas) with an infrastructure capable of utilizing hydrogen as a heating 
source. The eventual goal is to get to a future where the hydrogen used is fully green, intending 
to gather know-how for the future implementation of hydrogen. In addition, the demonstration 
will support the Port of Antwerp-Bruges' policy in reducing CO2 and increasing circular energy. 
Concretely this will reflect in an exchange of heating infrastructure in the port buildings and 
incorporate hydrogen storage capacity on or around the building perimeter. 

This demonstration will take place in the Port of Antwerp-Bruges, on the Nautic Operations 
Cluster building and fleet site “Blauwhoefstraat 15 Antwerpen K602-612”. 

 

 
Figure 1:  Figure outlining the production of H2 and converting it to heat 
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Figure 2:  Figure progress installation 

 

The Port of Antwerp-Bruges sees great potential for further projects including energy storage. 
Emission reduction targets are also a major challenge. The feasibility of this case with hydrogen 
can contribute to existing heating plants where retrofits with heat pumps may not offer the only 
solution.   

4.2 – Demonstration objectives 
The demonstration will support the Port of Antwerp-Bruges' policy in the reduction of CO2 and 
increasing circular energy. The Port of Antwerp-Bruges decided to reduce 92% CO2 emission of 
the full building infrastructure caused by heating with fossil fuels. 

Concretely this will reflect in a change of heating infrastructure in the buildings and incorporate 
hydrogen storage capacity on or around the building perimeter within the Port of Antwerp. The 
demonstration aims to gather know how for future employability of hydrogen. 

The Port of Antwerp-Bruges made the choice to produce H² on site instead of using a trailer 
truck. This consideration was necessary due to the high rental costs of the trailer truck. 

Objectives: 

• Obtaining the required permission / license 

• Create an H2 energy profile 

• Evaluate the reliability 

• Analyse the H2 storage and consumption 
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These specific objectives are connected to the global objective of the ‘Sustainable Port Design’ 
pillar to increase sustainability by demonstrating in a real port environment low emission 
building solutions. 

 

4.3 – Personas involved in the demo 
This section gives an overview of the personas involved in the demo, i.e. the users of the demo 
in terms of their functions or roles.  

Persona Role 

Project leader Responsible for the setup and operation of 
the demonstration 

Contractor technical director Responsible for building and coordination 

Safety advisor Responsible to adapt safety procedures and 
take the necessary mitigations 

Contractor maintenance manager Responsible for coordination of maintaining 
and repairing hydrogen system 

Quality Assurance manager Evalution and control energy consumption  

 

4.4 – Demonstration Design 
Production of H2 

• 32% power from Grid (purchase of 100% green energy) 

• 682 kWp solar panels available on site 

• 68% power from solar 

4.5 – Demonstration Implementation Requirements 
Requirements and assets mentioned in reference D3.3 are necessary. For this demonstration, 
the assets are: H2 Heater, electrolysers, compressors, storage racks and safety equipment. 

Measurement of reliability and energy flows will be integrated in a building and energy 
management system. 
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Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 9.2 – Hydrogen heating for building. 
 

4.6 – Demonstration Challenges & Barriers 
• NDA for protection product - Finished. 

• Safety requirements - HAZID finished 

• HAZOP - Finished.  

• Implementation of H2 storage and reconfiguration of the existing ATEX-area without 
disturbing stakeholders’ activity. Design approved by stakeholder. 

• License to build part of environmental permit - Ongoing. 

• Analyses for setting up a smart grid in the future. - Ongoing. 

• Efficient use of solar power. - Ongoing.  

 

4.7 – Demonstration Time plan 
 

    2021 2022 2023 

Tasks Description 
Progress 
% 

Q1 
Q
2 

Q
3 

Q
4 

Q
1 

Q
2 

Q
3 

Q
4 

Q
1 

Q
2 

Q
3 

Q
4 

T1.1 Design 100%                         

Subtask 1.1.1  HAZID HAZOP 100% x x x x x x x x x       

Subtask 1.1.2 Construction/installation design 100%     x x x x x x         

T1.2 Building heater H2 25%                         

Subtask 1.2.1  
Connecting hydraulic piping en setup 
dummy heater 100% 

              x         

Subtask 1.2.2 Connecting H2 piping 0%                   x     

Subtask 1.2.3 Delivery and setup real H2 heater 0%                   x x   

Subtask 1.2.4 
Electrical , safety equipment and Building 
management system 0% 

                        

T1.3 Building local production unit 45%                         

Subtask 1.3.1  Delivery container incl. electrolyser 100%                         

Subtask 1.3.2 Preparation H2 equipment in container 25%                         

Subtask 1.3.3 Modification ATEX area  100%               x x       

Subtask 1.3.4 H2 piping connections and storage 0%                   x x   

T1.4 Permit 30%                         
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Subtask 1.4.1  Documents 100%             x x x       

Subtask 1.4.2 Permit application 0%                 x       

Subtask 1.4.3 license admissible 0%                   x x   

T1.5 Commissioning 0%                         

Subtask 1.5.1  startup 0%                     x   

Subtask 1.5.2 seasonal 0%                       x 
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5 – Green Straddle Carriers 
5.1 – Demonstration description 
Container terminals have a large scope-1 emission due to the horizontal transport of containers. 
This is typically performed by straddle carriers or prime movers using diesel combustion engines. 
The Green straddle carrier demonstration aims to validate certain new technologies that allow to 
significantly reduce the emissions associated with internal container transport on terminals. 
Demonstrations will take place in the actual operations, as such providing valuable lessons 
learned. As multiple pathways/technologies have been identified to reduce these emissions, a 
set of consecutive demonstrations is proposed, starting first with a hydrogen dual-fuel 
demonstration, and pending the outcome, different follow-up demonstrations can be selected. 
The first one is already described in detail in this document, for the other demonstrations, high-
level information is provided.  

  
 

 
 
 

Figure 3: Straddle carrier based terminals. 

The figure below shows the energy consumption on the terminals: straddle carriers have the 
largest contribution and emit CO2, NOX and particles. The quay cranes, reefers, and lightning are 
electric consumers. 
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Figure 4: Energy consumption on a terminal 

 
The Green Straddle Carrier demonstration will be testing dual-fuel (hydrogen-diesel) technology 
on a straddle carrier. 
 
More specifically it will be tested if hydrogen can be used on terminals as alternative fuel for 
straddle carriers with the scope of reducing GHG emissions, investigating the feasibility from a 
technical, safety and regulation point of view. 

• Dual fuel technology can be used as a transition technology to a full hydrogen straddle 
carrier and the aim of the first phase is to evaluate the performance in supervisory mode, 
i.e. without making any changes to the engine control. This has the potential to replace up 
to 30% of diesel by hydrogen during operations in the first place. 

• If the test in Supervisory mode is successful and the terminals continue to support the 
hydrogen pathway and PIONEERS timing and budget allows it, a second phase will be 
tested with the aim to increase the amount of hydrogen that can be added to an 
operational straddle carrier by using a modified engine (dedicated motor tuning). Then 
between 50% and 80% of hydrogen can be added. 

• CMB.TECH is the main technology subcontractor, OCB performs an independent review 
of the safety data pack, Konecranes approves the modifications to the straddle carrier, 
CEPA approves that drivers can operate this modified machine, ATS organises the retrofit 
and test, PSAA facilitates in terms of operations, Air Liquide delivers the hydrogen. 
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• Finally, the straddle carriers also need to be refuelled on the terminal, so a high-speed 
refuelling station for straddle carriers, unique in its kind, is needed. Although most 
technology required exists, Air Liquide will study the integration and verification of the 
complete hydrogen tanking system. This activity is described in more detail in T4.2. 

 
This hydrogen demonstration will take place at Europaterminal: PSA K869 Europa Terminal, 
Scheldelaan, Antwerp 
 
Here is a render of how the demonstrator will look like: 
 

 
Figure 5: Green Strddle Carrier rendering. 

 
  

5.2 – Demonstration objectives 
Objectives for the first phase of the hydrogen demonstration (supervisory mode). 
IN Scope: 

o to learn if hydrogen can be used on terminals (safety, regulations) 
o to learn the optimal location of hydrogen tanks on the terminal 
o to learn the efficiency of the hydrogen injection: how much kg H2 is needed to replace 1 

litre of diesel? 
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o to evaluate the maximum amount of hydrogen that can be stored on the straddle carrier 
Questions that are still open: 

o safety approval of the as-build installation 
o effect of the added mass to the stability control software 
o hydrogen combustion efficiency to be proven 
o are there visibility restrictions coming from the installation that is added? 
o what is the level of NOX emissions (out of scope)? 

Emission measurements, like NOX, are out of scope because these are expensive and accurate 
measurements are needed. 
The objectives for the second phase of the hydrogen demonstration (with dedicated new engine 
or engine modifications). 
IN Scope: 

o can we replace the existing engine of a hybrid (battery-electric diesel) straddle carrier with 
a dedicated off-the shelf dual-fuel engine (footprint, cooperation of SC suppliers)? 

o to evaluate the maximum amount of hydrogen that can be mixed into that engine 
(depends on the engine working condition). 

These specific objectives are connected to the global objective of the ‘Sustainable Port Design’ 
pillar to increase sustainability by demonstrating in a real port environment green logistics 
operations solutions. 
 

5.3 – Personas involved in the demo 
This section gives an overview of the personas involved in the demo, i.e. the users of the demo 
in terms of their functions or roles.  

Persona Role 

Terminal operations manager Responsible for deploying new green SC’s 
into the operations 

Technician Responsible to maintain and repair hydrogen 
subsystem 

Safety advisor Responsible to adapt safety procedures and 
take the necessary mitigations 

Vehicle driver Has to be trained to drive with the new 
vehicle 

Environmental manager Manages and control the impact on GHG 
reporting 
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5.4 – Demonstration Design 
In this sub-section a technical description of the demonstration is included. This is the blueprint 
of the demonstration. 
 

 
 

Figure 6: Artist impression of the hydrogen straddle carrier 

 
The conversion kit for the SC contains the following elements: 

• hydrogen piping 
• the retrofit of the engine 
• the ECU for the H2 injection 
• 6x H2 type III (EC-79) cylinders containing approx. 5 kg H2 each. 

The cylinders will be placed on the outside of the two back legs of the SC: 3x on each leg. In the 
table below, the storage specifications: 
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Table 1: Overview of storage specifications 

 
The current layout of hydrogen storage contains 30 kg of H2 as fuel at 350 bar, which replaces 
an equivalent of 100l diesel. Of this 30 kg, 27 kg of H2 is useable. The remaining 3 kg cannot be 
used due to insufficient pressure at the inlet of the regulators and because of maximum pressure 
limitation while filling due to temperature variations. The regulators in the system are used to 
reduce the pressure from maximum 350 bar in the cylinders to 7 bar in the injection ring. 
Based on the mixing ratio, this results in an autonomy of 14 (30%, current design) or 6 (70%, future 
optimised) operating hours, assuming 20l/h diesel consumption. After this the machine continues 
to operate in diesel only mode. 
As SCs are used in a busy environment, collisions with other SCs or land-based objects are 
possible. In case of a collision of the SC, it is important that the H2 cylinders are located out of a 
potential crash zone to reduce the risk of damage. Various options were reviewed for the 
placement of the H2 cylinders. 
The tank modules are engineered to protect the H2 cylinders by designing a 3-stage protection 
strategy. These measures will protect the tank cylinders against potential collisions. 
The first stage of the 3-stage protection layers includes the shields of the module protecting the 
tanks from minor impacts. The shields will have a thickness of 8 mm. 
The shielding of the cylinder tanks comprises of inner- and outer shielding. The inner shielding of 
the module will protect the hydrogen cylinders in case one of the containers is skewed or offset 
on the stacks when the SC is driving over a stack. In case of collision, the inner shielding frames 
of the tank module are designed to deflect the impact. The outer shielding will protect the 
hydrogen cylinders from minor impacts of containers or other SCs. 
The second protection method will protect the cylinders in case of a more severe impact on the 
outside of the module as a result of a collision. In case the impact cannot be absorbed by the 
covers, the tank modules are able to swing to the inside of the SC. This can be seen in the 
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following figures. The modules can swing inwards 140°. This could happen during a SC-SC 
collision in case a SC is carrying a container. This container will stick out of the front of the SC 
where it could hit another SC. 
In the case the SC is involved in a major collision with a very large impact, there is a risk of the H2 
cylinders falling of the SC’s frame. To mitigate this fall, the H2 cylinder frames are secured by 
tethered cables, this being the final stage of the 3-stage protection. 
 

 
 

Figure 7: H² cylinder frames 

 
Following pictures show the tank module installed on the SC and the tank modules itself in more 
detail. 
Hydrogen is delivered to the engine via the injector ring. This ring is placed onto the engine 
immediately in front of the manifold as a replacement part for the standard inlet-hose-to-
manifold adaptor. The required quantity of H2 is injected into the air inlet of the engine. 
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Figure 8: Tank module 

 

5.5 – Demonstration Implementation Requirements 
This sub-section includes any data/asset/infrastructure requirements as well as possible links 
with other demonstrations or linked actions of PIONEERS. 
The sub-section ends with a plan of integration with the current port infrastructure. 
Data capture requirements: 

• Name of dataset: straddle carrier baseline diesel operational fuel consumptions. 
• Description: dataset of the diesel fuel consumption and the associated distance travelled, 

and the load carried: to be used as reference/baseline against which the test with 
hydrogen can be compared. 

• Name of dataset: straddle carrier diesel and hydrogen operational fuel consumptions 
• Description: dataset of the diesel and hydrogen fuel consumption and the associated 

distance travelled, and the load carried. Comparison against the baseline allows to derive 
the realized emission reduction, and the required amount and cost of hydrogen to realise 
that level of emission reduction.   

Asset requirements: 
A Straddle carrier has to be made available to be able to perform the retrofit and test. A 
Konecranes 3-high straddle carrier has been selected: 
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Figure 9: Konecrane 3-high straddle carrier 

 
Infrastructure requirements: 
A safe area will be foreseen on the border of the terminal where the hydrogen tube trailer and 
hydrogen straddle carrier can meet each other for refuelling purposes. Several locations are still 
under consideration. 
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Figure 10: Potential refueling locations 

 

 
 

Figure 11: Picture from the back of the mobile refueler 
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Retrofit implementation requirements: 
A large part of the work will go into the retrofit activity itself, it is the addition of the hydrogen 
system onto the straddle carrier. The assembly consists of the tank module, the retrofit of the 
engine, hydrogen tubing, electrical wiring, installation of boxes, and the hydrogen HMI. 
Tank module: 

 
 

Figure 12: Tank module 

 
• mounting brackets need to be welded onto the legs of the SC 
• the installation of the tank module onto the SC will be done by ATS/PSAA with the 

assistance of CMB.TECH 
Retrofit of the engine: 

• mounting CMB.TECH’s hydrogen injector ring to the engine 
• this installation will be done by CMB.TECH. 
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Figure 13: View of a straddle carrier engine 

 
Hydrogen tubing:  
Tubing will be provided for the hydrogen to flow through, from the storage cylinders to the 
injector ring mounted on the engine. 

• the tube-work that must be mounted on the SC will be done by CMB.TECH. This includes 
the hydrogen tubing from the modules to the engine and the vent lines. All valves and 
regulators that are used in the system will be installed by CMB.TECH as well. 

• The supports and bracketry needed for the hydrogen tubing will be welded onto the SC 
and must be done by ATS/PSAA. CMB.TECH will provide instructions for this. 

 
Electrical wiring: 
All the electrical systems that need to be connected, will be done by CMB.TECH. This includes 
the electrical connections to the tank modules, the extra ECU module that is needed to control 
the hydrogen injection, the junction box and the injector ring. 
Hydrogen HMI: 
In the operator’s cabin, a monitor will be installed. 
All wiring to the screen will be installed and connected by CMB.TECH technicians. 
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Figure 14: View of the monitor 
 

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 9.3 – Green straddle carriers. 
 

5.5 – Demonstration Challenges & Barriers 
The following challenges have been identified: 

• data interfacing with straddle carrier units can be time consuming; for this prototype, we 
will try to limit the amount of external interfaces 

• involvement and approval of CEPA2 is still needed, the organization responsible for the 
drivers for these machines. 

• a safe location is still to be agreed to refuel the straddle carrier by tube trailer. 
• CE certification of the machine is still to be acquired 
• Availability of parts and components. 

 

5.6 – Demonstration Time plan 
Preparations : May-September 2022 

• Prepare a dossier with relevant parties to ensure safe refuelling operations; 
 
Manufacturing and build: May-August 2022 

• Manufacturing readiness review 
• Procure items for first frame assembly and all H2 components; 
• Assemble first frame & fit interface to SC; 
• Procure additional frame assemblies; 
• Pre-assemble hardware systems in CMB.TECH UK facility; 

 
Integration: September 2022-February 2023 
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• Integration readiness review; 
• Shipment of hardware systems to Antwerp; 
• Installation of hardware systems; 

  
Calibration: March-April 20233 

• Pressure test readiness review; 
• First refuelling operation + leak test; 
• Base calibration process: Handle SC in controlled environment; 

Test: May - July 2023  
• Test Readiness review; 
• Test operational period phase 1: Perform detailed calibration process; 
• Test operational period phase 2: Evaluate emissions reduction results; 

  
Post test: July 2023 – September 2023 

• Post test review 
• Discussions on improvements and lessons learned for the next phase of the 

demonstrations. 
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6 – Green Last Mile – electric trucks 
6.1 – Demonstration description 
The electric Green Last-Mile (eGLM) aims to aid in the transition towards sustainable transport by 
utilizing 100% electric trucks. This approach allows for a reduction in CO2 production as well as 
air and noise pollution.  
The last mile connection aims to help in the transition towards green sustainable ports. It has a 
direct impact in establishing an innovative and sustainable transport system that plays a 
significant role in the reduction of emissions. This aspect, however, also requires the development 
of relevant infrastructures to facilitate the shift of freight into rail, inland waterways, and short sea 
shipping. The sustainable transport infrastructures should focus on rail, inland waterways, and 
short sea shipping with the common goal of developing an integrated transport network. In order 
to align this action with other relevant actions, it should be mentioned that the devoted 
infrastructures can also be involved in connecting tracks, power connections, in processes 
regarding information flow within the port and processes regarding logistic chain as well as 
digitalization.  

 
Nowadays, the movements to and from the port of Venlo are performed by diesel-powered 
terminal tractors that operate in numerous shifts and thus contribute significantly to local air 
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pollution and CO2 emissions. As a result, supporting the transition to zero-emission technologies 
is critical. Therefore, the electric Green Last Mile (eGLM) will develop and implement an electric 
vehicle for terminal operations. This implementation includes operationalizing the electric vehicle 
for container handling in combination with a charging infrastructure on the terminal in the port of 
Venlo. The goal is to get to a fully electric vehicle with zero-emission and supporting 
infrastructure on a container terminal and to collect data on the operation of the equipment, 
which supports the further roll out of electric vehicles at container terminals. The vehicle can be 
utilized for short-haul road transport operations. Both scenarios and use cases will be tested 
during the project.   
 

  

 

Figure 15: Aerial view of the port of Venlo and its surroundings 

 
Description Demonstrate the use of an electric Terminal Tractor (eTT) in combination with 

charging infrastructure at the PoV container terminal.  

Objectives Implementation of zero emission terminal tractor and supporting 
infrastructure 
Operation of the equipment within the container terminal setting 
Collect user data on the operation of the equipment 

Actors (system 
actor or natural 
persons) 

COOPERATIE E-GLM UA (e-GLM) 
ECT Delta Terminal B.V. (ECT) 

Setting / context  ECT Venlo container terminal. 

Assets Zero emission terminal tractor and charging (&energy) infrastructure. 
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Data None 

Audience Groups  Results to be disseminated within Pioneers - relevant for container handling 
parties e.g. container terminal companies. 

Registration Date  To be defined during scoping documents 

 

6.2 – Demonstration objectives 
• Implementation of zero emission terminal tractor and supporting infrastructure 
• Operation of the terminal tractor and charger in a container terminal setting 
• Collect user data on the operation of the equipment 
• Optimalization use of the capacities of the Terminal tractor 
• Evaluate of effectiveness of new technologies 
• Validating the capability of the terminal tractor in terms of handling different container 

(weights) and power consumption with these different loads. 
• Validation of operational requirements such as working hours, charging time and size 
• Test the reliability of terminal tractor 
• Economic viability 
• Comparison of operational cost compared to diesel 
• Test the usage on the road 
• Before introducing the electric terminal tractor as a new mode, it is important to test its 

adaptability  
• Assess the environmental and safety implication regarding implementation of terminal 

tractor 
These specific objectives are connected to the global objective of the ‘Sustainable Port Design’ 
pillar to increase efficiency and sustainability by demonstrating in a real port environment green 
logistics operations solutions. 
 
 

6.3 – Personas involved in the demo 
This section gives an overview of the personas involved in the demo, i.e. the users of the demo 
in terms of their functions or roles. 

Persona Role 

Terminal operations manager Creates the truck assignments plan and 
defines the truck e-charging windows 
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Technician Responsible to connect and monitor the 
refuelling process 

Safety advisor Responsible to adapt safety procedures and 
take the necessary mitigations 

Vehicle driver Has to be trained to drive with the new 
vehicle to optimise the battery usage 

Environmental manager Manages and control the impact on GHG 
reporting 

 

6.4 – Demonstration Design 
The Terminal Tractor (TT) and each part of it shall be designed in accordance with all applicable 
Dutch and European laws and regulations of which the Dutch Machine Directive (machine 
richtlijn) 2006/42/EG and standard specifications and the requirements of the ‘Working 
Conditions Act’ (Arbowet) and the requirements as applicable to road transport are 2 significant 
examples. 
 
The Terminal Tractor must be suitable for the public road. E.G. application and approval by the 
RDW (Dutch authorities), license plate, etc. in order to comply with applicable laws and 
regulations of The Netherlands in the year of delivery. 
 
The Terminal Tractor shall be of a robust heavy-duty design in order to meet the purpose of these 
specifications which are intended for operating approx. 3000 hours per year. 
Structural integrity during the lifetime of the Tractor shall be paramount. Mechanical and 
electrical components shall be designed to achieve a 15 year lifetime, or a useful Truck life of at 
least 50.000 running hours. The battery must have a remaining capacity of 80% after 5 years as a 
minimum. 
The complete drivetrain of the Terminal Tractor shall be electric. And thus be free of any 
emissions of CO2, NOX, etc. If a Hydrogen alternative is available next to an electrical TT, this shall 
be offered as an option. 
Dimensions, loads and weights: 
 

Maximum external width 2550 mm 
Minimum bottom clearance (unloaded) 210 mm   
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Minimum height for connection to the fifth wheel 
(unloaded) and accessible from the side (unobstructed by 
fenders/mudguards). 

1130 mm 

Maximum height of fifth wheel (unloaded) 2200 mm 
Clearance of turning radius fifth wheel, between fifth 
wheel and cabin 

≥ 2300 mm 

Clearance of turning radius fifth wheel, between fifth 
wheel and rear bumper 

Max. 1450 mm 

Minimum turning radius, measured from outside of wheel  6455 mm 

Maximum gradient of the terrain 6 % 
Rated load, maximum chassis weight 80 tons 
Lifting capacity fifth wheel 36 tons minimum 
Extra static load on fifth wheel (spreader weight during 
loading of chassis) 

12 tons 

 

 
Speeds, acceleration: 
 

Travelling, with rated load (maximum chassis weight) 30 km/h 
In a dedicated zone by geofencing (Diesel ECU 0VDC = limit to 30 km/h 
and 24VDC = limit to 10 km/h) 

10 km/h 

Minimum required travelling acceleration, with rated load, from standstill 
to 30 km/h 

0,3 m/s2 

Minimum required travelling braking deceleration, single Truck, without 
chassis 

4,0 m/s2 

 
The TT shall be powered by a suitably rated electric motor. The motor shall be powered by 
batteries which are matched to the electric motor and drive system and be able to provide 
enough power for an 8 hour shift, including cooling and heating of the cabin (after which 20% of 
the battery capacity is remaining), this must also be true after 5 years of use. 
 
The battery charging system shall be supplied by the supplier at the time that the unit is 
purchased and the price of each battery charging station shall be provided as options when 
submitting the price for each terminal tractor. The battery charger shall be able to charge the 
battery from 20% State of Charge (SOC) to 80% SOC in approximately one hour (if the charger is 
operation at maximum capacity).  The supplier shall advise the power requirement of the 
charger and to perform this charging cycle. The charger must be able to cope with a load 
balancing system so that it can work with limited power capacity from the electricity grid. 
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6.5 – Demonstration Implementation Requirements 
 Person Role 
Container 
terminal 
operations 
manager 

Responsible for the efficient use of the container terminal facilities and resources. 
Taking decisions in the organization regarding changes in the container terminal’s 
operation – i.e., implementing new container handling equipment. Asking 
questions on how new container handling equipment can impact the terminal 
operations. 

Technical 
support 

Supporting the management in the uptime of the equipment within the facility, 
ensuring operational continuity. Advising regarding the need to ensure sufficient 
uptime of equipment. Taking into account the correlating risks and costs that 
come with the implementation of new cargo handling equipment. 

TT operator/ 
driver 

Responsible for the actual container handling and driving on the terminal. Making 
sure the containers are handled safely within the timeframe 
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Figure 16: Overview of the potential scenarios and personas involved 

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 9.4 – Green Last Mile – electric trucks. 
 

6.6 – Demonstration Challenges & Barriers 
Terminal tractors ("TTs") are critical operational vehicles for landside transportation. In Venlo, TTs 
are in use for internal container shunting, shunting between the separated ECT Venlo barge- and 
rail terminal (approx, 3 kilometres apart) and transport from/to the warehouses in the port area 
for dedicated clients. 
Most terminal tractors sold today are still diesel fuelled. Key drivers that prevent the switch to 
zero emission for terminal operators are (1) purchase costs of equipment, (2) operational 
constraints of the vehicles that need time to charge, and (3) costs and electrical infrastructure 
required to charge these vehicles. 
Replacing terminal tractors with electric ones can make a huge contribution to making ports more 
sustainable. At present these vehicles are a major source of NOx and CO2 emissions for terminal 
operators. The second advantage is that there are cost saving in the energy consumption and 
vehicle maintenance. 
 

6.6 – Demonstration Time plan 
M6- 36 
Milestones: 
M6 (1-April-22) – Project scoping & tender preparation 
M8 (1-Jun-22) – Start tendering process 
M13 (1-Nov-22) – Equipment ordered 
M23 (1-sep-23) - Delivery of equipment 3 
M23 – M35 (1-sep-23 – 1-sep-24) - Demonstration period: 12 months 
M36  (1-oct-24) - Preparing final report 
Important note: One of the major risks is the uncertainty about the delivery date of the 
equipment. Based on feedback from market, delivery withing the given time frame will be 
challenging. 
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7 - Conclusions  
 
The Sustainable Port Design pillar includes 4 different demonstrations. These demonstrations 
have their specific objectives, but these objectives are not isolated and are meant to succeed in 
the achievement of the global objectives of the pillar. 
 
The demonstrations have been scoped considering the overall objectives of the PIONEERS 
project, where all the demonstrations must be completed in the demonstration port in order to 
be transferred to the ports designated for this transfer during the project lifetime. 
 
The present document has achieved the objectives of generating for each of the WP5 PIONEERS 
demonstrations the scoping of the demo including design, technical specifications, data 
requirements and correlation with other actions and demonstrations, linking the description to 
the Sustainable Port Design pillar. 
 
The current time plan and design for each demonstration is described in the previous sections. It 
should be noted that all the time plans are made during an early stage of the development and 
could alter in the future. Throughout the implementation phase it might become necessary to 
make adjustments because of new findings or unexpected changes. This document will function 
as a lay out of all the demonstrations from which they will further develop during the project and 
to make improvements. Changes and deviations from the scope will be documented in future 
deliverables or reports. 
 
The demonstrations will be executed in the frame of WP5 “Sustainable Port Design” and will 
follow the methodology defined in WP3 “PIONEERS Actions: requirements co-definition, 
specifications, cross-action alignment, and deployment monitoring”, that will take care of the 
deployment monitoring and the harmonisation of the overall progress of the 19 PIONEERS 
demonstrations. 

D3.8 Interim Action Status report, with due date in September 2023, will detail the progress of and 
initial performance results of the demos, taking the present document as the baseline input for 
WP6 demonstrations. 

Additionally, this document will be a key input to “WP8 – Co-transferability of PIONEERS 
innovations”. WP8 co-transferability actions will start sharing the outcomes of the present 
document to fellow ports in order to align what will be built in the demonstrations with the fellow 
port expectations. Sharing the detailed content of the scoping document and aligning it with the 
priorities of the fellow ports will allow to efficiently plan which demonstrations should be 
transferred in the 1st wave of transferability and which ones in the 2nd wave. 
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In summary, this document outcomes are crucial not only for WP5 tasks’ progress itself, but it is 
also a key input for other work packages in PIONEERS project. 

The PIONEERS demonstrations in the 3 other pillars are described in the respective Scoping 
documents D3.4, D3.6 and D3.7. These documents will serve as a blueprint for the preparation 
and implementation of the demonstrations during throughout the total lifespan of the PIONEERS 
project. 
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9 - Annexes 
9.1 – Local resource recovery for green, circular concrete 
The current demonstrator focuses on exploring the feasibility of using local materials recovery 
fer reducing the environmental footprint of construction works and thus has no specific 
technical requirements related to it. 

9.2 – Hydrogen heating for building 
Attribute  Description  

Unique ID  SPD_HHB-06  
Type  Functional  
Priority  MUST  
Category  Operational  
Description  Hydrogen building technology:   

Production green H2 and consumption for heating.  
Rationale  N/A  
Relevant User 
Requirement(s)  

UR_HHB-01-05  

Dependencies  N/A  

Conflicts  N/A  

Relevant WP  WP1, 2, 3, 5, 8, 9  

Comments  /  

PIONEERS 
Demonstration  

Hydrogen heating for buildings  

Owner   Port of Antwerp-Bruges  
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Figure 17:  Figure progress installation 
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9.3 – Green straddle carriers 
 
User requirements for this demonstration:  
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Technical requirements for this demonstration: 
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9.4 – Green Last Mile – electric trucks 
User requirements for this demonstration:  
Attribute  User requirement - 

1  
UR_eGLM-02  UR_eGLM-03  UR_eGLM-04  

User Requirement Unique 
ID  

UR-eGLM-01  Functional  Functional  Functional  

Functional or Non- 
Functional  

Functional        

Type of Non-Functional 
Requirements  

  Operational Efficiency  Operational Efficiency  Operational 
Efficiency  

Classification of 
Requirement  

Operational 
Efficiency  

Handling of all 
container weights  

Access on public road  5h deployment of eTT 
per day  

Title  Lower energy cost 
compared to the 
diesel TT(dTT)  

eTT should be able to 
handle all container 
weights (rated load for 
TT is 80T).  

eTT should be able to 
access on the public 
road.  

eTT should be able to 
be deployed at least 5 
hours per day  

Description (3-4 lines)    .      
Data Need  eTT & dTT fuel 

consumption & unit 
diesel/kWh) costs  

Vehicle load capacity 
and use data on 
container  
handling incidents in 
case the eTT could not 
perform its duty.  

Certification by 
authorities for public 
road access in the 
Netherlands  

SoC data of the eTT  

Physical Material needed  N/A  N/A  N/A  N/A  
Prioritization   Must  Must  Must  Must  
Work Package  WP5-task 5.5  WP5- Task 5.5  WP5- Task 5.5  WP5- Task 5.5  
Dependency  N/A  N/A  N/A  N/A  
Conflicts  N/A  N/A  N/A  N/A  
 


