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Disclaimer 
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(CINEA) under the powers delegated from the European Commission and under Grant 
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The content of the publication herein is the sole responsibility of the publishers and it does not 
necessarily represent the views expressed by the European Commission or its services. While 
the information contained in the documents is believed to be accurate, the authors(s) or any other 
participant in the PIONEERS consortium make no warranty of any kind with regard to this material 
including, but not limited to the implied warranties of merchantability and fitness for a particular 
purpose. 
 
The user thereof uses the information at its sole risk and liability. For the avoidance of all doubts, 
the European Commission has no responsibility or liability with respect to this document, which 
is merely representing the authors’ view.  
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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 document (D3.4) describes the scoping of the PIONEERS’ demonstrations in Pillar 1. “Clean 
Energy Production, Storage & Supply” covering 4 demonstrations:  

• an integrated green hydropower platform for port infrastructure; 
• a hydrogen refuelling station for straddle carriers;  
• a corridor of modular docking stations;  
• a battery storage and smart management of green energy in terminal operations. 

All demonstrations 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 demonstration objectives, as well as the global objectives of the pillar, and contributing 
to the overall success and reaching 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 demonstration will be followed up during the upcoming months by a detailed time 
plan provided in this document. 

The Clean Energy Production, Storage & Supply 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 Clean Energy Production, Storage & Supply. This 
deliverable documents the design, technical specifications, data requirements, the correlation 
with other actions and demonstrations, the link of the demonstration objectives with the 
PIONEERS objectives, the integration requirements with the ports’ infrastructure and challenges 
and barriers that may hinder the implementation plan. Non-technological barriers that might 
impede a wide take up of the actions proposed, such as tax barriers or the lack of incentives will 
be identified and discussed in deliverable D4.1. 

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 D3.2. 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 documented 
in deliverable D3.3, following a structured format that will enable progress monitoring and 
achievements until the project end. Deliverable 3.3 analyses 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 the pillar Clean Energy Production, 
Storage & Supply. 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 demonstration 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 Clean Energy Production, Storage & Supply pillar.  

The PIONEERS demonstrations in the 3 other pillars are described in the respective Scoping 
documents D3.5, 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 – Clean Energy Production, Storage & 
Supply 
The solutions demonstrated in WP4 Clean Energy Production, Storage & Supply lay a solid 
foundation towards future-proof energy neutral port ecosystems and will realise an impactful 
reduction of port-related emissions from different sources (to be measured intensively during the 
project lifetime) starting from the Lighthouse port (Antwerp-Bruges) and the three fellow ports 
(Barcelona, Constanta and Venlo). 

 

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: Low Emission Energy Production 

The following demonstration is linked to this action: 

• An integrated green hydropower platform for port infrastructure will demonstrate the 
energy conversion from water currents in locks; 

Action 2: Smart Energy Supply and Storage 

The following 3 demos are linked to this action: 

• A hydrogen refuelling station for straddle carriers will demonstrate the refuelling process 
in an operational context on a container terminal; 

• To anticipate that barges exchange empty energy containers for charged ones in a port 
area, a business case for a corridor of modular docking stations will be elaborated; 

 

1 Loorbach, D. (2010). Transition management for sustainable development: a prescriptive, complexity-
based governance framework, Governance: an international journal of policy, administration and 
institutions, 23:1,161-183 
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• In order to manage peaks in both production and offtake of renewable electricity, a 
battery storage and smart management of green energy in terminal operations will be 
demonstrated. 

Other lighthouse projects in the field of energy transition are already being funded by the 
PIONEERS port communities themselves or through other funding channels. The Business Plan 
2022-2025 of Port of Antwerp-Bruges provides for the Multi Fuel Port, a programme that aims at 
introducing clean and sustainable marine fuels in the port platform. Related to the same category, 
the port provides for the import of green hydrogen (Hydrogen Import Coalition), the production 
of green methanol (Power-to-methanol), on shore wind production and the operation of tugboats 
on hydrogen and methanol.  

In its Fourth Strategic Plan, Barcelona Port Authority provides for the development of a new 
energy model that lays the foundations for an in-depth transformation that will pivot on the 
electrification of the wharves, the progressive development of clean fuels, the generation of 
renewable energy within the port and the establishment of a smart electricity grid. This is pursued 
through the drafting and approval of a Master Plan for the Energy Transition of the Port of 
Barcelona during 2022, the creation of an entity with its own legal personality to manage the port’s 
energy projects, as well as the creation of a renewable energy island for self-consumption on the 
Fishermen’s wharf.  

The Master Plan 2022 of the Port of Constanța accommodates for the deployment of LNG 
refuelling infrastructure. The port authority also prepares for the construction of a photovoltaic 
park within the port area and its interconnection with the existing electrical distribution network, 
the construction of a floating photovoltaic park, the deployment of ten charging stations for 
electric cars (22 kW/station) and the provision of infrastructure for on shore power supply at ten 
berths of the port.  

The Municipality of Venlo in its Port Vision 2020 anticipates the deployment of on shore power 
supply for barges and a location for swapping battery containers by 2025. In the long term (after 
2025), the municipality foresees bunkering of alternative fuels like LNG and hydrogen. 

2.2 – Pillar objectives 

The main objective of this pillar is to demonstrate in a real port environment the different solutions 
and innovations (4 in total) related to clean energy production, storage and supply, mobilizing 
local stakeholders required to guarantee the operating conditions of the demonstration, 
gathering of key drivers, opportunities, challenges, and barriers and collecting evidence-based 
high-quality results.   
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The adoption of new fuels like hydrogen or the production of energy from intermittent sources 
like solar and wind power struggle with the same main issue: they don’t benefit from a stable, 
balanced and abundant supply and demand, as is the case in the conventional fossil-based 
system. At present there is not enough hydrogen supply to meet the demand, however things 
are moving to accelerate the transition e.g. ship operators agreeing on long-term contracts for 
alternative fuel supply. All four demonstration projects address this same issue each in a 
particular situation, trying to break the occurring chicken or egg conundrum. The alternative 
energy sources (wind, solar, hydro, etc.) will be used for energy production and be used in the 
port infrastructure by allowing ports to find an optimal combination of existing infrastructure 
operation and energy conversion by guaranteeing the operational innovation accomplishment.  

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: 

Reduce the port’s total environmental footprint by introducing clean energy production, 
storage and supply. The EU is currently importing more than half of its consumed energy, 
incurring a considerable cost across all industries. Given the current political climate, a shift from 
imported energy to local energy sources has become even more urgent and desirable. The EU 
ports have the potential to become key points of energy production based on renewable energy 
sources, benefiting the energy portfolio of the area while deriving the benefits as energy users. 
PIONEERS aims to demonstrate that the 4 demos mentioned above will contribute to a port’s 
ability to become a centre for energy production, storage and supply as well as a decarbonisation 
hub. 

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: 
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Demonstration description Implemention 
location 

Transfer during the 
project 

Transfer after the 
project 

Green hydropower platform PoAB  PoV & PoC 
Hydrogen refuelling station PoAB  PoV & PoC 
Corridor of modular docking 
stations 

PoAB PoC  

Battery storage and smart 
management 

PoAB PoC & PoV  

 

  



 

D3.4 Clean Energy Production, Storage & Supply Scoping Document   17 

3 – Integrated Green Hydropower Platform 
for Port Infrastructure 
 

3.1 – Demonstration description 

Based on an earlier joined demonstration project lead by Port of Antwerp-Bruges and De Meyer 
the aim of this project is to further develop a Green Hydropower Platform for Port Infrastructure. 
This platform should ideally be transferable to similar port infrastructure, where a ‘water flow’ is 
available. 

The preliminary project was carried out in 2017 and involved the engineering, manufacturing and 
installation of a high-yield, vertical water turbine. This turbine was specifically designed to 
operate in a bypass sewer of the ‘Kallo’ lock in Antwerp.  

The necessary water flow was provided by operating the inlet and outlet valves of the bypass 
sewer. This bypass sewer is used to balance the water level on the river side and the dock behind. 

Overview drawing below: 

 

Figure 1: overview of water flow in a lock 
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After an intensive study phase (including in-depth CFD analysis), De Meyer developed a workable 
prototype with a proposed installed power of 150 kW. This installation consisted of a (collapsible) 
3-blade turbine, a frame and a transmission shaft. A dynamo was coupled to the output side of 
the shaft, so that the output power of the installation could be measured. 

In close collaboration with Port of Antwerp-Bruges, the turbine was then installed in an existing 
maintenance shaft of the bypass sewer. 

During an agreed test period from November 2018 until February 2019, the installation was 
operated in order to verify the anticipated energy yield and any areas for improvement 
(mechanical, electrical, safety, etc.). 

In addition to confirming the expected energy potential of the turbine, this pilot project also 
provided many insights into the further optimization of the turbine concept, the mechanical 
challenges and the final connection of the plant to the grid. 

Independently of the pilot project, De Meyer has set up its own project in 2020-2021 with the aim 
of developing a high-yield, axial-flux motor-generator. Meanwhile, this project has also been 
successfully completed. The promotional film of the project can be viewed through this link: 
Energy-neutral lock in the Port of Antwerp: the hydro-turbine - YouTube. 

The lessons learned from this project offer the perfect breeding ground for a follow-up project. 
As such De Meyer aims to develop a working end-to-end solution that demonstrates the concept 
of 'energy-out of water' that will eventually earn its place in the greening of the port as an 
ecosystem. 

This project will consist of the (further) development of an optimized water turbine, coupled to a 
high-efficiency motor-generator in order to create a transferable concept that can be used in 
other port-related infrastructure. This demonstration project is named 'PULSUS'. 

  

https://www.youtube.com/watch?v=BsmdX6EdD2o
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The figure below shows a global overview of the components of this demonstration project: 

Grid

f

nf

D

A

C

B

 

 

A → Turbine frame 

B → Turbine shaft 

C → Axial flux motor/generator 

D → inverter / grid connection 

The components are further described in section 3.6. 

Figure 2: global overview of the components of the demonstration project 

 

Working principle: 

By supplying water flow through the turbine frame in a controlled manner, the turbine shaft will 
begin to rotate. In this way, hydraulic energy is converted to mechanical energy. This mechanical 
energy available on the turbine shaft is coupled to a motor/generator that will convert the 
mechanical energy into electrical energy. Due to the possible variations in speed and torque, it is 
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necessary to convert the electrical voltage/frequency through an inverter in order to make an 
efficient connection to the grid. 

When converting energy to another form, efficiency losses occur. It is our goal with the further 
development of turbine & generator (Pulsus) to make the conversion of the above energy forms 
even more efficient. Improvements are expected in the area of the turbine by implementing 
adjustable blades, this will not only give a power increase, the torque ripple produced by the 
turbine will also be smoothed out. The increase in power should be determined by further CFD 
analyses, expectations in the literature are between 30 & 40% power increase. Concerning the 
generator, a conventional drivetrain consists of a turbine → gearbox → generator.  

The gearbox ensures that the speed of the turbine (80rpm nominal) is converted to a standardized 
speed for generators (e.g. 1500rpm). This conversion, in the gearbox, is accompanied by friction 
losses, hydraulic losses, etc. Therefore, it can be said that the efficiency of a gearbox is rather 
poor (ɲ80%).   

An active flux generator is a direct drive motor and can, through the high number of poles, convert 
a speed of 80 rpm directly on the shaft to electricity (50Hz), in this way the losses that occurs in 
the gearbox are eliminated. 

 

Hydraulic energy Mechanical energyɲ Electric energyɲ ɲ 
Conversion to the 

grid

 

Figure 3: overview of energy conversion 

 

3.2 – Demonstration objectives 

The PIONEERS project offers the opportunity to work out a demonstration project where 
previously acquired knowledge and expertise will be converted, combined with new insights, into 
a conclusive result. 

De Meyer has set a number of clearly defined objectives to make the results of this project visible 
and measurable. During the further development of the project, De Meyer will quantify the 
objectives below so that measurable KPIs will be drawn up and followed up during operation. 
Defining relevant KPI’s will only be possible after the engineering phase as a completely new 
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turbine will be built, possibly with different dimensions. The basic parameters of this specific 
turbine need to be known before relevant KPI’s can be defined. 

The main objectives are: 

- Efficient water turbine: the development of a highly efficient water turbine, i.e. a turbine that, 
through its design, composition and tuning, can make optimal use of a present water flow to 
convert it into energy; 

- Robust mechanical concept: the impact of a (semi) continuous water flow on a turbine is large. 
That is why during the development we strive for a robust construction that allows us to keep this 
concept operational for a long time. In this way, the maintenance costs can be minimised; 

- High-efficiency motor/generator for energy conversion: We have learned from previous 
projects that a motor/generator of the axial-flux type is the most cost-effective solution in 
function of our Pulsus concept. We aim to (further) develop our own developed PowerGen 
machine into a suitable model that will fit seamlessly into our new Pulsus turbine. From the 
preliminary study and dimensioning of our machine, we will determine the exact performance 
parameters (installed power, efficiency, ...) ; 

- Scalability and transferability of the concept: In the design of this new Pulsus installation, we 
want to take into account that it can be used (subject to minor adjustments and/or retrofitting) in 
a comparable infrastructure as long as it provides a water flow; 

- Modular construction: In the design of the new Pulsus installation, we want to foresee the 
possibility of scaling it in function of its final use (type of infrastructure, dimensions, strength of 
the water flow, ...). This scalability will be made possible by e.g. adapting the size of the turbine 
and by coupling 2 or more corresponding motors/generators, thus increasing the installed 
power. 

- Monitoring: When designing this new Pulsus installation, we wanted to provide an integrated 
monitoring concept. This consists of the adapted sensors, the data processing unit and a 
monitoring dashboard. Several aspects related to the operation of the installation are monitored, 
including: the functioning of the installation, the output of the installation and maintenance 
indications.  

- Linking and integration with water management system: We would like to see if we can link 
the control of the Pulsus installation with the control of the water management system of the 
infrastructure. 

The above objectives shall be addressed to result in an integrated installation, in a location 
coordinated by Port of Antwerp-Bruges (possibly the existing test site at the Kallo lock), that can 
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be made operational for a longer period. During this period the objectives mentioned above will 
be monitored. 

These specific objectives are connected to the global objective of the ‘Clean Energy Production, 
Storage & Supply’ pillar to lay a solid foundation towards a future-proof energy neutral port 
ecosystem and realizing an impactful reduction of port-related emissions from different sources. 

 

3.3 – Personas Involved in the Demonstration  

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

Persona Role 

Port Operations manager Responsible for the efficient use of port 
facilities and resource 

Turbine Operator  Further development and operation of the 
existing Turbine 

Vessel Traffic Port Berth Planner Facilitates the acceptance towards 
continuous turbine operation around the lock 
(dock level) 

Vessel Traffic Port Operations Planner Reserves timeslots for testing turbine 
concepts on-site 

Table 1: Green Hydropower Platform Demonstration Personas 

3.4 – Demonstration Implementation Requirements 

The Pulsus installation consists of the following main components: 



 

D3.4 Clean Energy Production, Storage & Supply Scoping Document   23 

Grid

f

nf

D

A

C

B

 

Figure 4: components of the Pulsus installation 

A → Turbine frame 

B → Turbine shaft 

C → Axial flux motor/generator 

D → inverter / grid connection 

Turbine frame: 

The turbine frame includes the supporting structure to house the turbine shaft (shaft, bearings, 
clapping system, etc.) on the one hand, and to mount the system in the operating gabarit on the 
other hand. 

The frame will be provided with the necessary lifting points. 
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Turbine shaft: 

The turbine shaft forms the active part to convert hydraulic energy to mechanical energy. To 
achieve this, the Darrieus principle is used. 

 

 

Figure 5: overview of a turbine shaft using the Darrieus principle 

The challenge lies in the further optimization of the design of the wings and blades, as well as the 
possibility of mounting a multi-blade turbine in a narrow shaft. For this purpose, a folding system 
of the blades will be implemented (patented by De Meyer). Below is a photo of our former turbine 
shaft. 
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Figure 6: multi blade turbine shaft 

Motor /generator: 

The generator can be considered as the active part to convert the available mechanical energy 
into electrical energy. For the development of the current concept, we are looking for a generator 
that can be placed - immediately on the shaft - as close as possible to the turbine. This is to 
minimize the energy losses through shafts, transmissions, .... 

As mentioned in chapter 3.2, previous research by De Meyer has shown that a generator of the 
'axial flux' type is the most suitable. Compared to a 'radial flux type', this type provides a 
significantly higher efficiency, a more compact construction is possible, and a modular 
construction can also be perfectly realized. 

Since such motors/generators are not available on the market as standard (low speed, high 
torque), it is our objective to build this generator ourselves. Previously De Meyer built a stacked 
motor/generator of 2 x 80kW, which was extensively tested on the test bench of Ghent University 
(Photo below). 
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Figure 7: axial flux generator 

 

Inverter/ grid connection: 

Due to the possible variations in speed and torque, it is necessary to convert the electrical 
voltage/frequency through an inverter in order to make an efficient connection to the grid. 

The challenge also lies in converting the available electrical energy supplied by the generator to 
the grid as efficiently as possible.  

Taking into account the axial generator which, given its ability to deliver 50Hz at low speeds, 
has a high number of pole pairs, in addition, De Meyer wishes to use vector control in order to 
obtain a high efficiency. 

3.5 – Demonstration Challenges & Barriers 

Technological challenges 

Functional area Subarea Challenge 
Port efficiency and 
sustainability 

Clean Energy 
production and supply 

Finding an optimal balance between proper functioning of the 
infrastructure and the operation of an energy conversion 
installation. 
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Business challenges 

Functional area Subarea Challenge 
Port efficiency and 
sustainability 

Clean Energy 
production and supply 

Realising a profitable business model. 

Environmental challenges  

Functional area Subarea Challenge 
Port efficiency and 
sustainability 

Clean Energy 
production and supply 

n/a 

Societal challenges  

Functional area Subarea Challenge 
Port efficiency and 
sustainability 

Clean Energy 
production and supply 

n/a 

Barriers 

Area Barriers 
Port efficiency and 
sustainability 

Availability of sufficient suitable locations where the concept can be deployed. 
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3.6 – Demonstration Time plan 

 

After determining the test site (PIONEERS), a study should be started to include the environment 
related elements in the design of the turbine. (operating range, available water speed, water 
levels, ed.) 

With the first results from the previous study, the first 2D cfd analyses can be carried out to 
determine the core data for the generator (torque, speed, etc.). In a next phase the 
electromagnetic design of the generator can be started. 

With the data from both studies, the final design and production of all components can be started. 

As a final phase within the project planning, De Meyer will install and test the installation 
extensively to test the theoretical data against the reality, with extension to test the PULSUS 
installation on a longer term so that the sustainability can also be proven. 
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4 – Realisation of a hydrogen refuelling 
infrastructure 
4.1 – Demonstration description 

Within the port ecosystem straddle carriers are very important, as they enable the loading and 
unloading without the assistance of cranes or forklifts (in contrast to conventional trucks). 
Therefore, straddle carriers allow for more efficient loading and unloading of freight. This allows 
for faster handling, thus providing existing ports with scalability in the amount of freight handled 
per day.  

In PIONEERS, AL will develop a Hydrogen Refuelling Station (HRS) for straddle carriers. The 
operations and refuelling process, which is one of the biggest challenges, will be validated during 
this demonstration. While serving as a refuelling station for straddle carriers in the framework of 
this demonstration, the HRS can of course also serve as a refuelling station for other transport 
modes like trucks and barges. 

 

4.2 – Demonstration objectives 

The demonstration of a 350 bar high speed - which is needed to ensure the straddle carriers can 
be refuelled swiftly in order to guarantee their daily operation 24/7- Hydrogen Refuelling Station 
(“HRS”) for straddle carriers, will be the first of its kind within AL. This requires innovation on the 
technical and operations side which will be elaborated in more detail in the paragraphs below.  
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The overall aim is: 

1. to keep the recharging time under 30 minutes and  
2. to be able to refuel at least 80 straddle carriers per day,  
3. a CO2 reduction of 206,000 tonnes/year.  

This specific objective is connected to the global objective of the ‘Clean Energy Production, 
Storage & Supply’ pillar to lay a solid foundation towards a future-proof energy neutral port 
ecosystem and realizing an impactful reduction of port-related emissions from different sources. 

4.3 – Personas Involved in the Demonstration  

This section gives an overview of the personas involved in the demonstration, i.e. the users of 
the demonstration 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 

Table 2: Hydrogen Refuelling Infrastructure Demonstration Personas 

4.4 – Demonstration Implementation Requirements  

During the project the HRS will be demonstrated in combination with all the straddle carriers that 
are converted to hydrogen at the specific terminal where the demonstration will be taking place, 
supplying sufficient H2 per straddle carrier in order to operate one day. One HRS with multiple 
filling points is required due to the high amount of straddle carriers to be refuelled.  Several 
scenarios still need to be evaluated based on the TCO and their overall feasibility in order to 
select the optimal solution. The operations and refuelling process will be validated during this 
demonstration. Furthermore, the HRS can also serve as a refuelling station for other transport 
modes like (HD) trucks and barges. 
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Air Liquide operates approximately 650 km H2 pipeline in the Benelux. The 350 bar high speed 
HRS will be connected to the AL pipeline (owned and operated by AL affiliates) for hydrogen 
supply and is currently in the process of obtaining all relevant permits and approvals.  

In addition, the project is subject to available downtime at the AL H2 pipeline. As a split-off needs 
to be realised from a current pipeline, this part of the pipe will have to be temporarily shut down 
to allow for the works within this project. The timing of this shutdown is dependent on other 
operations of Air Liquide in the port. Internal coordination will minimise the impact of this 
dependency. Prior to developing the demonstration HRS, ATS is running a pilot project with the 
first of its kind straddle carrier that will be converted to hydrogen propulsion (see deliverable 3.5 
for more details regarding this demonstration). This pilot straddle carrier will be tested in the 
summer of 2022. The hydrogen needed for this test period will be provided by tube trailers.  

It should be noted that a final design of the 350 bar high speed HRS is dependent on, amongst 
other things, (i) the availability of a plot at PSA Antwerp NV’s site in the Port of Antwerp-Bruges 
and (ii) the availability of the (final design and demonstration of the) Green straddle carriers. The 
first Straddle Carrier is currently planned to be converted by the summer of 2022. Consequently, 
in a next phase an analysis will be carried out to study the feasibility & technology development 
with respect to the high-speed HRS. The engineering phase of the refuelling infrastructure itself 
will take eight months and can only start after the demonstration of the first straddle carrier in the 
summer of 2022. Hence, AL has planned to have the first design of the high-speed HRS ready in 
Q3 2023, provided that the plot at Port of Antwerp-Bruges is available on time and ready for use 
by AL.  

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex Fout! Verwijzingsbron niet gevonden.. 

4.5 – Demonstration Design 

The engineering phase of the refuelling infrastructure itself is not complete yet. The relative 
design of the demonstrator depends heavily on it and can only start after the demonstration of 
the first straddle carrier.  

Detailed technical description and the relative structured templates will be provided at the same 
time with the final design.  

4.6 – Demonstration Challenges & Barriers 

Currently, no solutions exist to supply hydrogen to zero emission straddle carriers. Existing 
straddle carriers are all powered by diesel. Electrifying the straddle carriers is not an option due 
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to the long recharging times this would require and the long periods during which the machines 
need to operate (as this would require very large and costly battery packs).  
 
This demonstration of a 350 bar high speed HRS will be the first of its kind, requiring innovation 
on the technical and operations side. 
 
Technical challenges 
In this project technical innovation is needed.  
 
High speed HRS:  

- Low-emission energy supply and production at the Pioneers ports; 
- Current HRSs are not able to supply the needed amounts of hydrogen within the available 

time frame.  
- Current state of the art HRSs supply up to 137 kg H2/day. However, in this project the daily 

need will be 30 times higher.  
- Also, the current state-of-the-art speed at which a hydrogen HRS can operate is 1-2kg per 

minute. Within this project however a speed of 7-8 kg per minute is needed. During this 
project TRL will advance from 5 to 7. 

- New technologies and materials to be developed, tested and industrialised: to cope with 
high pressures and mass flows encountered affecting instrumentation, nozzles, piping, 
valves and hose materials. Today there are no suitable components for handling hydrogen 
at this pressure and flow rates. New Pressure control valves, flowmeters, flexible hose and 
tubing materials need to be researched, tested and validated for safe industrial and 
reliable operation. Air Liquide and dedicated component suppliers are collaborating to 
develop, assemble and test a reliable high-speed HRS set up throughout 2022-2023 under 
a stringent and industrial first of a kind regime. 

 
Operational challenges 
Operational innovation is needed, e.g.: 

- Develop and demonstrate supply systems with storage, distribution and power / re-
charging / sustainable alternative fuel refuelling infrastructure and other vehicles 
operating at/to/from ports, as well as for other uses; 

as well as:  
- new work processes with respect to the use of hydrogen straddle carriers;  

in which the operators are aware of the needed refuelling and the straddle carriers are returned 
to the refuelling station during the shift break and at shift end to ensure the straddle carriers can 
remain in operation 24/7, 365 days a year. 
 
More general challenges 
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- Overcoming specific interfacing (technical) challenges regarding e.g. high speed HRSs, 
straddle carriers and new innovative high pressure supply chain; 

- Demonstrate an acceptable ‘’on stream time’’ and control over maintenance costs (which 
would be an acceptable level of degradation of the stack over time). 

The technical and operational innovations will be elaborated in more detail in due time (e.g. after 
receipt of a detailed design from the straddle carriers). 

4.7 – Demonstration Time plan 

The high-speed HRS demonstration consists of three main phases: 
- Engineering: Q1 2023 - Q3 2023 (6 months)* 
- Build & implementation: Q3 2023 - Q2 2025 (36 months) 

- Building of pipeline connection 
- Building of HRS & filling points 
- Demonstration 
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5 – A corridor of modular docking stations 
for energy containers 
5.1 – Demonstration description 

Inland navigation is crucial for the accessibility and sustainability of ports and inland ports. 
However, the IWT fleet lasts much longer compared to trucks and therefore innovates less 
quickly e.g. in the field of alternative energy sources. In order for inland navigation to attain the 
emission reduction goals put forward by the EC, it is crucial that alternative fuels for barges are 
not only being developed in a short term, but that they are also implemented on a larger scale in 
the coming years. One of the alternatives developed in the short term is electric propulsion based 
on battery technology through the realization of a docking station for battery containers for 
barges in the PoAB. The station will recharge 20’ ISO containers filled with lithium-Ion energy 
carriers with 100% renewable energy. These containers are then placed in the cargo space and 
linked to the electric propulsion system of the barge. This means the barge has zero emission 
and the propulsion system substantially reduces noise levels. These energy containers are future 
proof, this means ready for hydrogen or other energy carriers. Once the battery is ‘empty’ 
containers can be unloaded and a new charged battery container can be loaded at the same 
time. The modular docking station, in the standard design, is able to charge two such battery 
containers simultaneously, so barges will not have to wait for the container to be charged. In 
addition, the charging process can be linked to other functional processes such as grid 
stabilization and cover the needs of other users like e-trucks or port equipment. 

 

Figure 8: design of a modular docking station 
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The investment cost of the battery containers and the fact that more than one container is needed 
for a barge requires a network of docking stations in order for the containers to be used as 
efficient as possible. PIONEERS gathers a very powerful partnership around this demonstration, 
consisting of (inland) port authorities, terminal and barge operators and an electricity provider. 
Together this partnership spans the important IWW corridor Antwerp-Willebroek-Venlo and is 
engaged to further mature the concept towards realization, while also looking actively for 
additional sources of funding for the larger infrastructure investments (CEF, national funding). The 
infrastructure will be fully interoperable and open access. Moreover, in order to advance the 
business case and maximize the added value of the concept, the stations could also include 
charging points for other electric assets, like trucks or port equipment. These synergies will be 
explored together with the partners under Task 4.2. In addition, a combination with solar or wind 
energy would be preferable. 

 

Figure 9: Zero Emission Services - a new energy concept for inland shipping 

5.2 – Demonstration objectives 

The goal of the innovation is to do a feasibility study on the implementation of modular docking 
stations that will be used to propel inland barges. A business case will need to be developed, 
including:  
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o The use of battery containers for other applications e.g. charging point for other electric 
assets such as trucks or handling equipment, grid stabilization and so forth,  

o Technical adjustments to the vessel(s), and  
o Sources of financing the infrastructure investments.   

The scenario for this business case is about the exchange of container batteries between barges 
and terminals on a specific inland waterway trajectory (i.e., Antwerp – Willebroek – Venlo). 

The expected impact and CO² reduction is estimated to be 1.100 tons/year per ship. 

The Port of Constanta (PoC) will study as an alternative for green IWT the electric propulsion for 
barges based on battery technology. New sources of energy are being considered for shipping 
in Port of Venlo (PoV). In the Netherlands, this is part of the Clean Energy Hubs initiative that is 
developed under the Topcorridors.nl and building upon the TEN-T Rhine-Alpine and North Sea-
Baltic corridors. A link with future CEF applications is foreseen. 

These specific objectives are connected to the global objective of the ‘Clean Energy Production, 
Storage & Supply’ pillar to lay a solid foundation towards a future-proof energy neutral port 
ecosystem and realizing an impactful reduction of port-related emissions from different sources. 

5.3 – Personas Involved in the Demonstration  

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

Persona Role 
Power Supplier Representative Supplier of renewable electricity to the docking station 

contacted for operational issues related to the power grid 
Grid operator Installs, manages and maintains the electricity grid. 

TenneT operates the Dutch high-voltage grid, while low-
voltage electricity (150 kV or less) is transmitted by 
regional grid operators (Stedin, Liander, Enexis etc.). The 
grid operators are also responsible for connecting 
customers to the electricity network. 

Docking station operator/ 
owner 

Owns and/or operates the docking station. Responsible 
for purchasing the power from the power supplier and 
providing battery (re)charging and (re)distributing services.  

Terminal operation planner Decides which ships can use the terminal batch  
Battery pack owner Purchases the battery containers, ensures they can be 

(re)charged and (re)distributed at docking stations and 
offers them to ship owners via a pay-per-use model. 

Ship owner Places demand for energy containers / zero emission 
concepts  
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Shipper Party that contracts in transportation services and 
demands certain environmental targets for the transport 
of their goods 

Table 3: Modular Docking Stations for Energy Containers Demonstration Personas 

5.4 – Demonstration Design 

The goal of the innovation is to do a feasibility study on the implementation of modular docking 
station that will be used to propel inland barges. A business case will need to be developed, 
including 1. The use of battery containers for other applications e.g. charging point for other 
electric assets such as trucks or handling equipment, grid stabilization and so forth, 2. Technical 
adjustments to the vessel(s), and 3. Additional sources of funding for the infrastructure 
investments.  The scenario for this business case is about the exchange of container batteries 
between barges and terminals on a specific inland waterway trajectory (i.e., Antwerp – Willebroek 
– Venlo). Table 1 represents the relevant personas active within this scenario: 

Gathering the input from the scenarios and personas, the following UML diagram (Figure 9) could 
be drafted: 

 
Figure 10: UML diagram docking stations for energy containers - Source: Own 

This diagram is an example of one of many possible setups. It is logical that the terminal operator 
will be responsible for (un)loading the batteries but supplying the power supply can also be the 
responsibility of other persona(s). The terminal operator will in any case be responsible for 
facilitating the infrastructure. 

5.5 – Demonstration Implementation Requirements  



 

D3.4 Clean Energy Production, Storage & Supply Scoping Document   38 

Alternative fuels in the port area  

A number of innovative owners of inland waterway vessels are already investigating alternative 
fuels such as battery containers for their propulsion. They are the forerunners, willing to deal with 
both technical and regulatory problems. As soon as a new technique proves to be beneficial, 
other shipowners and barge operators will follow. However, one of the crucial aspects of such a 
decision is the availability of these alternative fuels. This well-known chicken-and-egg dilemma 
can be solved by port authorities by ensuring that these alternative fuels are available in the port 
area. After all, that is the place where a large number of ships frequently dock and where such 
investments can contribute most to their objective. In this way, ports can stimulate the switch to 
alternative fuels and contribute to a more sustainable port area and logistics chain.  

Mobile Energy Containers are developed in the first phase as battery containers. They are 
standard 20' ISO containers filled with lithium-ion energy carriers of approximately 2,000 kWh. All 
necessary systems are included in these containers (plug & play). One or more such battery 
containers shall be placed in the cargo area and coupled to the barge's electric propulsion 
system. This makes the barge emission-free and silent. The mobile energy containers are future-
proof, i.e. ready for hydrogen or other energy carriers. Such battery containers are being 
developed by technology companies such as ZES and will be made available via a pay-per-use 
system.  

This means that the shipowners do not purchase the container (cost about 1 million euros), but 
only pay for its use and the energy they consume. This should result in a cost price for the inland 
waterway skipper that is close to that of traditional fuels. This makes the concept strong for wider 
application, as the willingness to pay more for less polluting ships on the part of the shippers is 
still very limited.  

Energy Transport Hub (docking station)  

The Energy Transport Hub is a modular docking station with standard 2 SIX packs (2x 1MW) and 
6 truck connection points (6x 350 kW), which can be expanded if desired. In the standard design, 
it will be able to charge the 2 battery containers simultaneously in a time frame of 2.5 hours. Inland 
vessels will not have to wait for the container to be charged, they can unload the "empty" 
container and load a loaded container at the same time. After the first container(s) has been (have 
been) charged electrically, it is (are) available again for an inland vessel. In addition, the charging 
process can be linked to other functional processes such as grid stabilization. The cost of the 
battery containers and the fact that more than one container is needed for a barge require a 
network of docking stations to be able to use the containers as efficiently as possible.  

With regards to the investment costs of the docking stations (approximately 1.2-1.4 million euros) 
the location of these stations should be accessible to all potential users. The aim is to develop a 
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new EU standard for the connector (standard plug) and to guarantee an open access system for 
the docking station. This is a new source of energy for inland navigation and although there are 
already some large barge operators actively working on this track, it is expected that it will take 
some time before this has a sufficiently large uptake to use such a charging station profitably only 
for inland shipping.  

In order to increase the use and return on investment, other applications such as charging electric 
trucks, reach stackers and other terminal equipment should be considered.  

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 9.2 – Modular docking stations for energy containers. 

5.6 – Demonstration Challenges & Barriers 

Technological challenges 

• Technological advances are required in the fields of energy storage and energy 
conversion in combustion engines in order to reach the sustainability level envisioned.  

• The availability of alternative fuels in the port to stimulate the use. The focus in this study 
is on battery technology. 

• The availability of high-capacity, renewable electrical power near the location of the 
docking stations is a critical factor. Often such locations are located near (large) 
warehouses where a large roof surface is available for solar panels that could feed the 
batteries. In such a case the docking station location or inland port can serve as a “clean 
energy hub”. 

• Exchanging battery containers on inland locations are easy to implement in regular 
operations. However, in hubs and end points of barge connections (such as the Port of 
Antwerp and Rhine-Ruhr Area) this could be challenging due to (1) high demand for 
electrical power and (2) often automated terminals.  

• Locations with docking stations should be accessible 24/7. Ideally it should be prevented 
to make additional calls in the deep seaports for changing batteries only, otherwise the 
barge operations and logistic chain will be affected. 
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Business challenges 

• A reduction in investment 
• Availability of electrical power along the entire corridor (e.g. Zeekanaal Antwerpen – 

Brussels / Waal/Maas: Antwerpen/Rotterdam – Venlo – Luik) 
• Minimalize impact on barge operations and sailing schedules 
• Clarifying the roles and responsibilities about who is responsible for making sure there is 

enough power available for the battery station (power supplier, grid operator, docking 
station operator, terminal, battery pack owner, …). This will depend on the contractual 
terms and conditions agreed between the involved parties.  

Environmental challenges 

• Geographic location of port 
• Alternative energy sources also produce toxins, noise pollution etc 

 

5.7 – Demonstration Time plan 

As this demonstration is a feasibility no concrete implementation plan has been drafted. The 
different components of the business case that will be drafted are outlined in 5.4 – Demonstration 
Design. 

However, the relative timeline for the delivery of the demonstration is the following: 
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6 – Battery Storage and Smart 
Management of Green Energy in terminal 
operations 
 

6.1 – Demonstration description 

The energy transition at Antwerp Euroterminal (AET) has an impact on multiple facets of the 
business. The cargo handled evolves from combustion engine vehicles to electric vehicles. 3 
wind turbines are being placed on the terminal. A 3,8 MWp solar panel park will be installed on 
top of multilevel parking garage. The terminal’s own car fleet will become electric. Electric 
charging poles are being installed on the terminal and on the staff parking. This new situation 
creates challenges and opportunities. By joining this project AET will test how a battery storage 
system with a smart energy management system could contribute to this energy transition. The 
Energy Management System will be developed and implemented by Envision.  
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As part of this project, we will implement the following use cases: 

• Storage of locally produced solar and wind energy to maximize the self-consumption 
• Peak shaving 
• Behind the meter price optimization 
• Limit the export power at the point of grid interconnection 
• Comply with the restrictions imposed by the Grid study of Fluvius 

The project may evolve into other use cases in addition to the scope, such as: 

• FCR for ELIA 
• Charging of electric vehicles 
• Others: e.g. backup for IT-servers  
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We will adjust parameters of the different features included in the scope to identify which 
parameters and configurations works best for the daily operations of AET. Also, our aim is to 
optimize the different use cases studied.  
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6.2 – Demonstration objectives 

AET aims to optimize its energy usage by demonstrating a smart energy management and 
tracking system developed by its partner Envision Digital. Task 4.5 will demonstrate the 
optimization of the battery usage by monitoring and analysing the power generation of the 
installed wind turbines and solar panels. It will also forecast their day-ahead future production 
and the upcoming power needed for the industrial loads of the terminal, including the Electric 
Vehicles to charge. In addition, the EMS will manage peak loads on an 24/7 basis with green 
generated energy coming from intermittent energy sources with minimal impact on the local 
grid and maximization of the usage of green energy.  

Envision is deploying a predictive, multi-objectives optimization engine to improve the energy 
usage of the AET terminal. This technology is capable of following simultaneously the multiple 
objectives described below, optimizing for the most economic dispatch scenario. Relying on 
forecast models, it also optimizes over time by anticipating when to discharge or charge the 
battery. 

These specific objectives are connected to the global objective of the ‘Clean Energy Production, 
Storage & Supply’ pillar to lay a solid foundation towards a future-proof energy neutral port 
ecosystem and realizing an impactful reduction of port-related emissions from different sources. 

6.2.1 Energy Arbitrage and Renewables Self-Consumption 

Features 

o Electricity Usage Economic Optimization  

Envision’s predictive Energy Management System’s (EMS) primary goal is to minimize the 
electricity costs of the terminal, using as inputs the imported electricity price, the solar export buy 
back, the wind imported price, and the degradation cost of BESS operation. 

o Renewables Electricity Self-Consumption Increase 

The EMS will seek to maximize the self-consumption of wind and solar energy produced on-site, 
as a direct result of the economic optimization (per above). 
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6.2.2 Annual Imported Power Peak Reduction (peak 
shaving) 

As a secondary objective, the EMS deployed will reduce the annual peak, to the extent that is the 
best economic decision compared with the price arbitrage objective. The peak shaving objective 
is driven by the capacity component of the energy price. 

6.2.3 Power Limitation Constraints 

Features 

o Overall export power limit at the point of interconnection 

The export power at the point of interconnection is limited to 10’800 kVA. According to 
simulations, this limit will be occasionally exceeded in case of strong wind and solar production 
and low consumption. The real-time controls to prevent this excess is not part of Envision’s scope. 

However, Envision will include this exported power constraint in its EMS settings, in a non-real 
time, 15 min control cycle to reduce the risk of it happening. Envision’s EMS does not however 
guarantee against, and is not responsible for, any related overload at the point of interconnection. 

o Overall import power limit at the point of interconnection 

The import power at the point of interconnection is limited to 4’500 kVA. According to simulations, 
this situation is very unlikely to happen.  

However, Envision will include this imported power constraint in its EMS settings, in a non-real 
time, 15 min control cycle to reduce the risk of it happening. Envision’s EMS does not however 
guarantee against, and is not responsible for, any related overload at the point of interconnection.  

o Wind generation Curtailment 

Not in Envision’s scope. May be required to comply to export power limitations based on the grid 
study.  Excess wind energy already benefits from a separate agreement to sell to the grid. 

o Solar generation Curtailment 

Not in Envision’s scope. May be required to comply to export power limitations based on the grid 
study. Solar export is otherwise expected to be allowed and purchased by the grid. 

o Maximum charging / discharging power of the Battery 
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If required by the electrical infrastructure, Envision can include a maximum battery charge and 
discharge power setting in the EMS constraints, which may be lower than the nameplate power 
of the BESS. 

o Maximum charging power of a cluster of EV Chargers 

Not required and not in scope. Due to the distribution line set-up of EV-cargo it was not possible 
to identify an EV charging session that could be controlled, curtailed, or postponed to a later time. 

6.2.4 Forecasting 

Envision’s predictive EMS relies on forecasted data to find optimized commands, and to 
anticipate the time the battery will be needed, to regulate the battery state of charge. 

o Solar Power Production Forecast 

Envision will be responsible for identifying a solar energy production forecasting strategy, this 
could include the utilization of third-party providers. 

o Wind Power Production Forecast  

Envision will be in charge of identifying a wind energy production forecasting strategy, this could 
include the utilization of third-party providers. 

o Industrial Loads Power Forecast 

Envision will generate machine learning forecast models of the industrial loads based on the 
actual power readings from the meters installed on site. Envision and AET will explore which data 
sets can be useful to help forecast the less predictable industrial loads (cranes, etc.). 

6.3 – Personas Involved in the Demonstration  

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

Persona Role 

AET managing director [MD] 

Final decision-maker based on information provided. 
Arranged the purchase of the battery in collaboration with 
AET TM & AET FM & AET TS. Coordination of different 
activities. Negotiate (high-level) contractual conditions 
that enable economic use of on -site renewable energy. In 
addition, the managing director participates in the steering 
meetings to oversee the project and address AET needs.   
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AET terminal manager [TM] 

Arranged the purchase of the battery in collaboration with 
AET MD & AET FM & AET TS. Identify possible flexible 
loads. Coordination of different activities. The terminal 
manager should manage all operations inside the Antwerp 
Euroterminal and identify data that might be relevant to 
forecast loads related to intermittent operations on-site 
(i.e., Cargo traffic and so forth.) 

AET financial manager [FM] 

Arranged the purchase of the battery in collaboration with 
AET MD & AET TM & AET TS. Collection of historical data 
from electricity provider/supplier. Administrative tasks 
concerning PIONEERS. Coordination of different activities. 
The financial manager should also participate in progress 
meetings related to the project. Compare and prepare 
financial information to present and facilitate the 
discussion and decision-making for the board of directors. 
Once the EMS is deployed, the financial manager follows 
up on the financial and energy optimization, monitoring 
KPI’s. 

AET technical supervisor [TS] 

Arranged the purchase of the battery in collaboration with 
AET MD & AET TM & AET FM. Provide technical information 
to Envision. Support Envision to ensure connectivity with 
the different assets from AET to be monitored. Identify 
data relevant to improve load forecast. Provide and 
arrange installation instruments required to measure real-
time data from loads, grid energy import, wind energy, and 
solar energy generation. Instruct Electrical company for 
the needed works: battery installation and meters 
installation. Follow up on PV panel and BESS installation. 
Optimize the battery pack compared to utilization.   

AET IT Manager Provides IT-technical information concerning data 
(architecture) and data connections. 

BESS vendor 
Responsible for delivering the battery to AET's compound. 
Conducting Site Acceptance Testing (SAT) to be compliant 
with safety & security regulations.  

Table 4: Battery Storage and Smart Management of Green Energy in terminal operations Demonstration Personas 

 

 

6.4 – Demonstration Design 

Envision is deploying a predictive, multi-objectives optimization engine to improve the energy 
usage of the AET terminal. This technology is capable of following simultaneously the multiple 
objectives described in section 6.2 Demonstration objective, optimizing for the most economic 
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dispatch scenario. Relying on forecast models, it also optimizes over time by anticipating when 
to discharge or charge the battery. 

In this demonstration we will showcase various use cases of a battery package in terminal 
operations by adjusting parameters of the different features included in the scope to identify 
which parameters and configurations works best for the daily operations of AET. This 
demonstration will also provide insights and validate the business case and its boundaries. We 
will demonstrate the benefits that a smart energy management system could bring when applied 
to optimize the use of a battery and to combine different functions. 

6.5 – Demonstration Implementation Requirements  

A battery package will be purchased, additional electricity smart meters will be installed, and a 
smart battery energy management system will be implemented to optimize the use of the battery 
based on the monitored information from the various AET’s assets.  

A gradual approach will be taken to enable the different elements even before all systems are 
in place, for example if the solar array is not commissioned yet.  

The EMS will update the optimized energy management scenarios and dispatch commands to 
the BESS, at an interval to be determined between 5 and 15 minutes. This will be based on 
forecasting and prediction of loads consumption and power generation. The forecast models 
and optimization are cloud-based and the dispatch command too; the battery and buffering are 
handled on a local Edge industrial PC. 

6.5.1 - Energy Arbitrage and Renewables Self-Consumption 

o Prerequisite: Power Flexibility 

The EMS deployed at AET requires power flexibility to optimize the energy bills and renewables 
self-consumption. The more flexibility, the better. 

o Flexibility provided by the Battery Energy Storage (BESS) 

A BESS of 2.3MWh in capacity was selected and will be installed. The BESS power dispatch is 
entirely controlled by Envision’s EMS to serve the goals detailed in this document. 

Envision will interface with the BESS by sending a power dispatch setpoint to each of the 4 
modules of the BESS unit. 

o Flexibility provided by the Charge of EV Cars 

Not applicable. Due to the distribution line set-up of EV-cargo it was not possible to identify an 
EV charging session that could be controlled, curtailed, or postponed to a later time. 
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o Flexibility provided by Flexible Electrical Loads that can be Deferred 

Not applicable. It was not possible to identify any load that can be controlled and either curtailed 
or postponed to a later time. 

o Prerequisite: Electricity Price Information 

The economic optimization is driven by the price structure of the imported grid energy, the locally 
produced wind energy, and locally produced solar energy. 

Structured Implementation Requirements are formalized based on the project template and are 
presented in Annex 9.3 – Battery Storage and Smart Management of Green Energy in terminal 
operations 

6.6 – Demonstration Challenges & Barriers 

• Maximum greenhouse gas emissions reduction isn’t always feasible due to the 
difficulty to change the intrinsic industrial process at the terminal. 

• As the project duration is long and new insights might come along the way, priorities 
and requirements might be changing over time. 

• Delivering an industrial, robust and stable software while keeping some level of 
flexibility to evaluate multiple use cases. 

• External data dependencies, e.g.: wind energy providers, solar energy providers, load 
meters, EV-cargo shipment schedule, etc. 

• Accommodating external party requirements appearing during the project. 
• Dealing with an evolving electrical infrastructure, including EV charging, solar 

generation, and other electrification needs. 

 

 

 

6.7 – Demonstration Time plan 
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Due to the long delivery time of batteries, Task 4.5 was started in October 2021 (month 1) instead 
of March 2022 (month 6) to be able to select the battery and place the purchase order in advance.  
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7 – Conclusions  
Clean Energy Production, Storage & Supply 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 WP4 PIONEERS 
demonstrations the scoping of the demonstration including design, technical specifications, data 
requirements and correlation with other actions and demonstrations, linking the description to 
the Clean Energy Production, Storage & Supply 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 WP4 “Clean Energy Production, Storage & 
Supply” 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. 

In summary, this document outcomes are crucial not only for WP4 tasks’ progress itself, but it is 
also a key input for other work packages in PIONEERS project. 
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The PIONEERS demonstrations in the 3 other pillars are described in the respective Scoping 
documents D3.5, D3.6 and D3.7. The four scoping 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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8 – References 
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9 – Annexes 
9.1 – Integrated Green Hydropower platform for Port 
Infrastructure 

 

Attribute Description 
User Requirement Unique ID UR_EG_01 
Functional or Non-Functional Non-Functional 
Type of Non-Functional Requirements Implementation requirements  
Classification of Requirement Sustainability 
Title Infrastructure 
Description (3-4 lines) In order to deploy the water turbine, we need an 

accessible environment (e.g. maintenance shaft 
near a lock) in which we can safely install the 
turbine. This environment needs to provide an 
adjustable water current which matches the 
required flow and decoy based on the design of the 
turbine. 

Data Need Operational data 
Physical Material needed N/A 
Prioritization Must 
Work Package WP4 – Task 4.2 
Dependency N/A 
Conflicts N/A 

Attribute Description 
User Requirement Unique ID UR_EG_02 
Functional or Non-Functional Non-Functional 
Type of Non-Functional Requirements Implementation requirements  
Classification of Requirement Sustainability 
Title Grid connection 
Description (3-4 lines) To prove the end-to-end nature of the 

demonstration, an effective grid connection is 
necessary. If this is not available a monitoring 
system should be provided in which the energy 
output can be measured. 

Data Need N/A 
Physical Material needed N/A 
Prioritization Must 
Work Package WP4 – Task 4.2 
Dependency N/A 
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Conflicts N/A 

Attribute Description 
User Requirement Unique ID UR_EG_03 
Functional or Non-Functional Non-Functional 
Type of Non-Functional Requirements Interoperability requirements  
Classification of Requirement Sustainability 
Title Water/infrastructural management 
Description (3-4 lines) Since the water flow (in the proposed test site) 

depends on the operation of the wider 
infrastructure (lock) by the operator, a well-tuned 
interaction with that operator will be necessary. 

Data Need Data from water management system 
Physical Material needed N/A 
Prioritization Must 
Work Package WP4 – Task 4.2 
Dependency N/A 
Conflicts N/A 

Attribute Description 
User Requirement Unique ID UR_EG_04 
Functional or Non-Functional Non-Functional 
Type of Non-Functional Requirements Security requirements  
Classification of Requirement Sustainability 
Title Security / risk mitigation 
Description (3-4 lines) Since the demonstration installation will be 

installed in existing, vital infrastructure, a thorough 
risk analysis and safety plan - together with the port 
authorities - will have to be worked out. In case of 
an incident with the demonstration installation, the 
normal operation of the infrastructure cannot be 
compromised. 

Data Need Operational data from the demonstration 
installation 

Physical Material needed N/A 
Prioritization Must 
Work Package WP4 – Task 4.2 
Dependency N/A 
Conflicts N/A 

Attribute Description 
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User Requirement Unique ID UR_EG_05 
Functional or Non-Functional Functional 
Type of Non-Functional Requirements N/A 
Classification of Requirement Sustainability 
Title Input conditions 
Description (3-4 lines) The exact environmental variables of the test site 

(flow rate, decay, time frames, etc.) must be clearly 
mapped. (For the already known test site these 
parameters are available, but if another site is 
selected, this needs to be redone). 

Data Need Data concerning the condition of the infrastructure 
Physical Material needed N/A 
Prioritization Must 
Work Package WP4 – Task 4.2 
Dependency N/A 
Conflicts N/A 

Attribute Description 
User Requirement Unique ID UR_EG_06 
Functional or Non-Functional Functional 
Type of Non-Functional Requirements N/A 
Classification of Requirement Sustainability 
Title Output conditions 
Description (3-4 lines) Since the grid coupling has not been realized at this 

time, the input variables of this plant will need to be 
clearly delineated. This in order to be able to 
correctly match them with the output variables of 
our demonstration installation. 

Data Need Data from grid connection installation 
Physical Material needed N/A 
Prioritization Must 
Work Package WP4 – Task 4.2 
Dependency N/A 
Conflicts N/A 
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9.2 – Modular docking stations for energy containers 

The following table shows the technical requirements already reported in deliverable D3.3: 
 

 

  

Attribute Description 
User Requirement 
Unique ID 

UR_MDS-01 

Functional or Non-
Functional 

Non Functional 

Type of Non-Functional 
Requirements 

Financial 

Classification of 
Requirement 

Sustainability 

Title Feasibility study corridor of modular docking stations for energy 
containers 

Description (3-4 lines) Implementation of a docking station for battery containers for barges 
in the PoAB based on the scenario of exchange of 20’ ISO container 
batteries between barges and terminals on a specific inland waterway 
trajectory.  

Data Need N/A 
Physical Material 
needed 

N/A 

Prioritization Should 
Work Package WP4 – Task 4.4 
Dependency N/A 
Conflicts N/A 
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9.3 – Battery Storage and Smart Management of Green 
Energy in terminal operations 

Attribute Description 

Unique ID UR_BESS_01 
Type Functional 
Priority Must 
Category Sustainability 
Description Minimize electricity costs for AET terminal 
Rationale EMS to minimize the electrical costs for the terminal, taking into 

account the imported electricity price, solar export buy-back, wind 
imported price, cost of BESS operation 

Relevant User 
Requirement(s)/ 
Data Need 

The iEMS requires the energy time series (real time and historical) 
with a 1 to 10 minutes interval of: 
- Each wind turbine 
- PV solar system 
- Battery 
- Electricity consumption from the grid 

Physical Material 
needed 

Edge data loggers 

Relevant WP WP4 – Task 4.5 

Dependencies AET to provide meters that allow to measure all electricity 
consumption, electricity production on site; these meters should 
provide enough real time information to determine export to the 
grid and import from the grid. Third parties to provide connectivity 
to the different assets. 

Conflicts N/A 

Owner AET 

 

Attribute Description 

Unique ID UR_BESS_02 
Type Functional 
Priority MUST 
Category Operational/ Sustainability 
Description Optimize renewable energy self-consumption 
Rationale EMS to optimize the self-consumption of Wind and Solar energy 

produced on-site, as a result of the economic optimization (REQ-001). 



 

D3.4 Clean Energy Production, Storage & Supply Scoping Document   59 

The flexibility is provided by the Battery Energy and Storage System 
(BESS) 

Relevant User 
Requirement(s)/ 
Data Need 

The iEMS requires the energy time series with a 1 to 10 minutes interval 
of: 
- Each wind turbine 
- PV solar system 
- Battery 
- Electricity consumption from the grid 
- Major loads in AET (nice to have for more accuracy) 

Physical Material 
needed 

Edge data loggers 

Relevant WP WP4 T4.5 

Dependencies AET to provide required meter at grid connection. Third parties to 
provide connectivity to the different assets. 

Conflicts N/A 

Owner AET 

 

Attribute Description 

Unique ID UR_BESS_03 
Type Functional 
Priority MUST 
Category Sustainability 
Description Peak shaving 
Rationale Minimize annual grid import peak (peak shaving), as part of the 

overall electrical cost optimization. Based on per-kW imported 
electricity price structure 

Relevant User 
Requirement(s)/ 
Data Need 

The iEMS requires the energy time series with a 1 to 10 minutes interval 
of: 
- Each wind turbine 
- PV solar system 
- Battery 
- Electricity consumption from the grid 
- Major loads in AET (nice to have for more accuracy) 

Physical Material 
needed 

Edge data loggers 

Relevant WP WP4 T4.5 

Dependencies AET to provide required meter at grid connection. Third parties to 
provide connectivity to the different assets. 

Conflicts N/A 

Owner AET 
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Attribute Description 

Unique ID UR_BESS_04 
Type Functional 
Priority MUST 
Category Sustainability 
Description Flexibility to add additional assets 
Rationale The EMS platform needs to be designed in such a way that the port is 

able to add additional terminals (and their assets) in the future. 
Relevant User 
Requirement(s)/ 
Data Need 

N/A 

Physical Material 
needed 

N/A 

Relevant WP WP4 T4.5 

Dependencies N/A 

Conflicts N/A 

Owner Envision Digital 

 

Attribute Description 

Unique ID UR_BESS_05 
Type Functional 
Priority MUST 
Category Sustainability 
Description Transferability to other terminals 
Rationale Potential scalability to other Ports and terminals 
Relevant User 
Requirement(s)/ 
Data Need 

N/A 

Physical Material 
needed 

N/A 

Relevant WP WP4 T4.5 

Dependencies N/A 

Conflicts N/A 

Owner AET 

 


