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Disclaimer

This project has received funding from the European Union's Horizon2020 Framework
Programme, through the European Climate, Infrastructure and Environment Executive Agency
(CINEA) under the powers delegated from the European Commission and under Grant
Agreement No. 101037564.

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.

D9.4 - Evaluation of the innovations in the lighthouse port 6



PIONEERS

Table of Contents

PROJECT DATA 2
DOCUMENT INFO 2
TABLE OF CONTENTS 7
LIST OF FIGURES 10
LIST OF TABLES 10
EXECUTIVE SUMMARY 1
1 - INTRODUCTION 13
1.1 - PROJECT CONTEXT AND STRATEGIC RELEVANCE 13
1.2 - STRUCTURE OF THE DOCUMENT 15
1.3 - TARGET AUDIENCE 15
2 - METHODOLOGY 16
2.1 - DESK RESEARCH 16
2.2 - DATA COLLECTION THROUGH INTERVIEWS 16
2.3 - DATA INPUT AND ADJUSTMENT 16
2.4 - ANALYSIS OF INDIVIDUAL DEMOS 17
2.4.1. EXAMPLE OF AN ANALYSIS 17
2.5 - OVERALL CONCLUSION 18
3 - DATA COLLECTION 19
4 - MODEL OUTCOME AND COMPARISON TO THE EXPECTED IMPACTS 22
4.1 - CLEAN ENERGY PRODUCTION, STORAGE & SUPPLY 22
4.1.1 - INTEGRATED GREEN HYDROPOWER PLATFORM FOR PORT INFRASTRUCTURE 22
4.1.1.1 - Demonstration scope and purpose 22
4.1.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p. 28-29) 22
4.1.1.3 - Measured impact with the Pioneers Assessment Model (PAM) 22
4.1.1.4 - Reflection of the demo leader 23
4.1.2 - REALISATION OF A HYDROGEN REFUELLING INFRASTRUCTURE 23
4.1.2.1 - Demonstration scope and purpose 23
4.1.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p. 28-29) 23
4.1.2.3 - Measured impact with the Pioneers Assessment Model (PAM) 23
4.1.3 - A CORRIDOR OF MODULAR DOCKING STATIONS FOR ENERGY CONTAINERS 24

D9.4 - Evaluation of the innovations in the lighthouse port



PIONEERS

4.1.3.1 - Demonstration scope and purpose

4.1.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.1.3.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.1.3.4 - Reflection of the demo leader

4.1.4 - BATTERY STORAGE AND SMART MANAGEMENT OF GREEN ENERGY IN TERMINAL OPERATIONS
4.1.4.1 - Demonstration scope and purpose

4.1.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.1.4.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.1.4.4 - Reflection of the demo leader

4.2 - SUSTAINABLE PORT DESIGN

4.2.1 - LOCAL RESOURCE RECOVERY FOR GREEN CIRCULAR CONCRETE

4.2.1.1 - Demonstration scope and purpose

4.2.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.2.1.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.2.1.4 - Reflection of the demo leader

4.2.2 - HYDROGEN HEATING FOR BUILDINGS

4.2.2.1 - Demonstration scope and purpose

4.2.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.2.2.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.2.2.4 - Reflection of the demo leader

4.2.3 - GREEN STRADDLE CARRIERS

4.2.3.1 - Demonstration scope and purpose

4.2.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.2.3.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.2.3.4 - Reflection of the demo leader

4.2.4 - GREEN LAST MILE - ELECTRIC TERMINAL TRACTORS

4.2.4.1 - Demonstration scope and purpose

4.2.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.2.4.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.2.4.4 - Reflection of the demo leader

4.3 - MODAL SHIFT & FLOWS OPTIMISATION

4.3.1 - MULTIMODAL CONNECTIVITY PLATFORMS — INLAND PLANNER

4.3.1.1 - Demonstration scope and purpose:

4.3.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.3.1.3 - Reflection of the demo-leader:

4.3.2 - DIGITAL RAIL PLATFORM

4.3.2.1 - Demonstration scope and purpose

4.3.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.3.2.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.3.2.4 - Reflection of the demo leader

4.3.3 - MODAL SHIFT IN THE COMMUTE OF PORT EMPLOYEES

4.3.3.1 - Demonstration scope and purpose

4.3.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.
4.3.3.3 - Measured impact with the Pioneers Assessment Model (PAM)

4.3.3.4 - Reflection of the demo leader

D9.4 - Evaluation of the innovations in the lighthouse port

28-29)

28-29)

28-29)

28-29)

28-29)

28-29)

28-29):

28-29)

28-29)

24
24
24
24
25
25
25
25
25
26
26
26
26
27
27
27
27
28
28
28
29
29
29
29
30
30
30
30
30
31
31
31
31
32
32
32
32
32
32
33
33
33
33
33
34



PIONEERS

4.3.4 - CARGO FLOW OPTIMISATION
4.3.4.1 - Demonstration scope and purpose

4.3.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.3.4.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.3.4.4 - Reflection of the demo leader

4.3.5 - CARGO FLOW PREDICTOR

4.3.5.1 - Demonstration scope and purpose

4.3.5.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.3.5.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.3.5.4 - Reflection of the demo leader

4.3.6 - MULTIMODAL ACCESS FOR END-USERS USING MAAS AGGREGATOR PLATFORM
4.3.6.1 - Demonstration scope and purpose

4.3.6.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.3.6.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.3.6.4 - Reflection of the demo leader

4.4 - DIGITAL TRANSFORMATION

4.4.1 - AUTOMATED CONTAINER SHUTTLE SOLUTIONS FOR PORT OPERATIONS
4.4.1.1 - Demonstration scope and purpose

4.4.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.4.1.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.4.1.4 - Reflection of the demo leader

4.4.2 - AUTOMATED VESSELS

4.4.2.1 - Demonstration scope and purpose

4.4.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.4.2.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.4.2.4 - Reflection of the demo leader

4.4.3 - DIGITAL TWIN

4.4.3.1 - Demonstration scope and purpose

4.4.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.4.3.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.4.3.4 - Reflection of the demo leader

4.4.4 - VESSEL TRAFFIC OPTIMISATION

4.4.4.1 - Demonstration scope and purpose

4.4.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.4.4.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.4.4.4 - Reflection of the demo leader

4.4.5 - MARITIME 5G FOR INTELLIGENT VESSEL LOCATION

4.4.5.1 - Demonstration scope and purpose

4.45.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.4.5.3 - Measured impact with the Pioneers Assessment Model (PAM)
4.4.5.4 - Reflection of the demo leader

4.4.6 - CONTAINER TRANSPORT FORECAST

4.4.6.1 - Demonstration scope and purpose

4.4.6.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B, p.

4.4.6.3 - Measured impact with the Pioneers Assessment Model (PAM)

D9.4 - Evaluation of the innovations in the lighthouse port

28-29)

28-29)

28-29)

28-29)

28-29)

28-29)

28-29)

28-29)

28-29)

35
35
35
35
36
36
36
36
36
37
37
37
38
38
38
39
39
39
39
39
40
40
40
40
40
41
41
41
42
42
42
43
43
43
43
44
44
44
44
44
45
45
45
45
45



PIONEERS

4.4.6.4 - Reflection of the demo leader 46
5 - CONCLUSION 47
5.1 - GENERAL FINDINGS 47
5.2 - FINDINGS BY PILLAR 47
5.2.1 - CLEAN ENERGY PRODUCTION, STORAGE & SUPPLY 47
5.2.2 - SUSTAINABLE PORT DESIGN 48
5.2.3 - MODAL SHIFT & FLOWS OPTIMISATION 48
5.2.4 - DIGITAL TRANSFORMATION 48
5.3 - FIT WITH THE GREEN PORT MASTER PLAN 48
5.4 - PoLicY RECOMMENDATIONS AND IMPLEMENTATION PRIORITIES 49
5.5 - FINAL REFLECTION 50
6 - ANNEXES 51

List of Figures

FIGURE 1. INPUT STRUCTURE FOR D4 ....oooviiiiiiiririiiiiiiiiniesiresssssssss s 12
FIGURE 2. EXPECTED IMPACTS AS DESCRIBED IN THE GRANT AGREEMENT - SOURCE: ANNEX 1 -
DESCRIPTION OF ACTION (PART B ..o 21

List of Tables

TABLE 1: OVERVIEW OF PIONEERS DEMONSTRATIONS - SOURCE: HOME MAIN | PIONEERS ... 15
TABLE 2: MODAL SPLIT ACCORDING TO EMPLOYEE SURVEYS .......oiiinsssiissssssessssssssssssssssssssssssssssns 34
TABLE 3: EXPECTED IMPACT VS MEASURED IMPACT ...oovviiiiicinmneessssssssssissssssessssssssss s 42

D9.4 - Evaluation of the innovations in the lighthouse port 10



PIONEERS

Executive Summary

The PIONEERS project (Portable Innovation Open Network for Efficiency and Emissions
Reduction Solutions) is a flagship initiative addressing one of the most pressing challenges for
European ports: achieving significant reductions in environmental impact while safeguarding
competitiveness and enabling continued sectoral growth.

The project aimed to deliver 19 innovative demonstrations with measurable positive
environmental outcomes for ports, port cities, and hinterland connections. These demonstrations
are structured around four strategic pillars:

e Clean energy production, storage and supply
e Sustainable port design

e Modal shift and flows optimisation

¢ Digital transformation

Each demonstration has established Key Performance Indicators (KPIs) and targets, as defined in
the project’'s Grant Agreement (Annex 1 - Description of Action, Part B, Chapter 2: Impact). These
targets are linked to expected emission reductions and other environmental benefits, which will
be monitored and reported to ensure accountability and alignment with EU sustainability
objectives.

Within this framework, Task 9.3 Development of an assessment method framework has created the
PIONEERS Impact Assessment Model (PAM), a dedicated tool to monitor and evaluate the
performance of PIONEERS demonstrations within port environments. PAM was built using the
performance indicator framework established in Task 9.1, further refined through desk research
and expert consultations with demonstration leaders. This collaborative approach ensured the
model reflects relevant data and real-world conditions.

This deliverable presents the integration of real-world data and testing results from the initial
phases of the demonstrations into the PAM model. By comparing the observed outcomes with
the initial expectations set in the Grant Agreement, the analysis provides a robust basis to assess
the actual environmental impact of PIONEERS demonstrations and to identify lessons learned for
future scaling across European ports (see fig. 1).

D9.4 - Evaluation of the innovations in the lighthouse port 11
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Figure 1. Input structure for D9.4

Remarks

The primary objective of the demonstrations within PIONEERS is to test the feasibility and
applicability of innovative solutions in real port environments. Given the pioneering nature of
these technologies, part of the associated costs relates to their development. Consequently,
certain cost figures and performance indicators may vary when technologies are scaled up or
transferred to other port contexts. For example, economies of scale are expected to improve
cost-effectiveness when solutions are deployed at larger scope.

It is also important to note that not all demonstrations have reached a stage where quantitative
results could be generated through the PAM model. Each demonstration faces unique
challenges, which are explained in detail in their respective chapters. In addition, several
demonstrations primarily influence decision-making processes or strategic planning, making
their environmental impacts more difficult to quantify in strict numerical terms.

For a detailed qualitative assessment of each demonstration's progress and challenges, please
refer to Deliverable 3.9 Final Actions Status Report.

These considerations highlight both the innovative potential and the practical challenges of
introducing innovative technologies in port ecosystems, underlining the importance of
continuous evaluation and adaptability as results emerge.
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1 - Introduction

European ports stand at the intersection of international trade, industrial activity, and
sustainability challenges. As critical enablers of the global economy, they process vast volumes
of goods and raw materials, while facing growing expectations to reduce their environmental
footprint, accelerate decarbonization, and ensure long-term economic resilience. Within this
context, the PIONEERS project demonstrates a wide portfolio of innovative solutions across
technology, operations, and governance, aiming to transform ports into sustainable, smart, and
future-ready ecosystems.

1.1 - Project Context and Strategic Relevance

Ports are central to achieving the European Union's Green Deal, Fit for 55 package, and
REPowerEU objectives. These policy frameworks call for significant reductions in greenhouse gas
emissions, accelerated adoption of clean energy, and improved resource efficiency across all
sectors, including maritime transport and port operations. Achieving these goals requires not only
the deployment of technological innovation, but also rigorous evaluation of the benefits and
trade-offs of each innovation in real-life port environments.

In this regard, quantification is crucial. Demonstrations conducted under PIONEERS provide
evidence of how innovations contribute to emission reductions, operational efficiency, and
financial sustainability. To ensure objectivity and comparability, the PIONEERS Impact
Assessment Model (PAM) was developed in Task 9.3 Development of assessment method
framework as a dedicated tool to measure both the business and socio-economic impact of the
demonstrations.

The results generated through PAM are compared to the Expected Impacts defined in the
project's Grant Agreement (Annex 1 — Description of Action (part B), Chapter 2.1 Expected Impacts
(El)), enabling a structured assessment of how closely each demonstration aligns with its initial
ambitions. In this way, Deliverable 9.4 provides an objective mathematical performance analysis
that not only quantifies actual outcomes but also highlights the gap between realized results and
desired targets. The calculations used for these results can be found in the PAM. Screenshots of
each demonstration's PAM will be included in the annexes.

At the same time, it is important to recognize the limits of such an approach. Since all these
demonstrations are innovative and explore the applicability of new technology, it would be unfair
tojudge them solely on quantitative grounds. Many demonstrations provide valuable insights into
the applicability of technologies to the complex environment of ports and hinterland connectivity,
while others primarily influence decision-making or strategic planning, making their impacts
harder to capture in strict numerical terms. For this reason, Deliverable 3.9 Final Actions Status
Report should be read alongside this document, as it offers essential qualitative context to the
quantitative findings.
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It is also important to underline that these results remain part of a research effort. Demonstrations
take place in dynamic environments where real-world conditions or changing contexts can
influence the outcomes compared to the expected impacts.

Demonstration

Description

Energy generation
from water currents

A hydroturbine system installed within the port captures residual water flows to generate
clean, onsite electricity. This contributes to renewable energy self-sufficiency and reduces
carbon dependence.

Hydrogen refueling
infrastructure

This demo implements green hydrogen production and refueling facilities to support fuel-
cell vehicles and equipment. The aim is to foster zero-emission transport within the port
ecosystem.

Corridor of modular
docking stations for
energy containers

This initiative establishes a corridor where modular docking stations support flexible, multi-
modal transport connections—linking vessels, barges, trains, and trucks. It aims to streamline
cargo and passenger flows while encouraging modal shift.

Hydrogen heating for
buildings

The integration of a hydrogen-based heating network to replace fossil-fuel-fired systems in
port buildings and facilities. The approach provides a pathway toward decarbonizing port-
side energy use.

Local resource
recovery for green,
circular concrete

Construction activities have been enhanced with “circular concrete” made from recycled
materials and reduced-carbon binders. This showcases efficient use of local waste streams
in sustainable infrastructure build-out.

Green straddle
carriers

Introduction of hydrogen-diesel hybrid straddle carriers reduces reliance on diesel
equipment in container handling operations.

Electric green last-
mile

Deployment of battery-electric vehicles for the “last mile” movements of goods around the
port reduces local emissions and noise. This supports urban-integrated, zero-emission
freight logistics.

T platforms  for
planning multimodal
transport

The MIP digital platform integrates and optimizes scheduling across rail, barge, road, and
maritime transport modes. It enhances cargo coordination and unlocks synchronous logistics
across modes

Rail platform

A newly developed rail terminal platform strengthens seamless freight transfer between rail
and other transport modes. It promotes low-carbon hinterland connectivity using rail links.

Realizing a Modal
Shift in the Commute
of Port Employees:

PIONEERS has the ambition to implement specific initiatives with the aim of encouraging
sustainable transportation among port area employers and employees, such as increasing
cycling use and building cycle paths, as part of the masterplan for bicycle infrastructure.

Multimodal Access to
Port using a Maa$S
Platform

To ease the port-city accessibility especially for cruise ships passengers visiting the city on
their own, by making transportation options more familiar with a consequent reduction of
individual motorized accessibility.

Containers Transport
Forecast

This system uses advanced technology to predict truck demand and optimise truck fleets
operating within the Port of Barcelona, enabling the planning and prioritization of the inbound
and outbound truck movements.

D9.4 - Evaluation of the innovations in the lighthouse port 14
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Cargo flow
optimization

Simulations to model future scenarios and to optimize logistics operations performance. This
approach allows for a more comprehensive evaluation of the logistics options and supports
the decision-making process

Automated Container
Shuttle Solutions for
Port Operations:

Semi-trailers often need to be shifted inside a facility area for internal transfer or to
load/unload external cargo. Currently, this is done by a fleet of manually driven vehicles.

Autonomous vessels

Exploring the potential of remotely operated automated vessels managed from a central
Shore Control Centre.

Vessel traffic

Enhance port operations significantly by reducing ship waiting times and enhancing traffic

optimization controlin busy port areas. It involves the development of two key technologies: Optimal Lock
Planning and a Decision Support System (DSS).

Maritime 5G Intelligent Vessel Location System. This demo involves the installation of a 5G network, multi-
cameras system, and an Artificial Intelligence algorithm to improve the accuracy and real-
time tracking of vessel locations, calculating their exact positioning.

Digital twin Create a digital representation of a port, designed to help port authorities with decision-

making by providing insights into CO2 emissions, logistics, and people movement
developing a demo of 3 use cases that run the what-if scenario for vessel traffic, port
emissions and train movement.

Battery Storage and
Smart Management
of Green Energy in

terminal operations

The system will monitor and analyse the power generation of the installed wind turbines and
forecast their day-ahead future production and the power needed for the upcoming EVs to
charge. By connecting the EV-chargers, the Battery Energy Storage System (BESS) and local
grid metering to an AloT platform creates a complete intelligent Energy Management
System (EMS) with monitoring and optimisation potential for the AET terminal in the port.
This demo will also provide insights and validate the business case and its boundaries.

Table 1. Overview of PIONEERS demonstrations - Source: Home Main | PIONEERS

1.2 - Structure of the Document

The report is structured around the project's four-pillar framework while providing detailed
analysis of individual demonstrations. Each demonstration follows the same structure, ensuring
consistency and comparability across demonstrations.

The deliverable concludes with aggregated findings and cross-pillar insights, offering a
consolidated view on how demonstrated innovations contribute to the decarbonisation and
sustainable transformation of ports in line with the Green Port Master Plan.

1.3 - Target Audience

The results of this deliverable are intended for multiple stakeholder groups, including
policymakers, port authorities, terminal operators, logistics companies, technology developers,
and researchers. By presenting quantified evidence of innovation performance, this report
supports informed decision-making while acknowledging that the true value of innovation also
lies in qualitative insights, strategic influence, and long-term potential.
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2 - Methodology

The methodology applied in this deliverable combines desk research, structured engagement
with demonstration leaders, and the application of the PIONEERS Impact Assessment Model
(PAM). The process was designed to ensure an objective mathematical performance analysis of
each demonstration, while also capturing the context and limitations that influence their
outcomes.

2.1 - Desk research

The first step consisted of desk research to establish a solid understanding of the demonstrations
and the PAM tool. This included reviewing relevant project documentation, with particular
attention to Deliverable 9.3, which describes the development of PAM, and the Expected Impacts
as defined in the project's Grant Agreement (Annex 1 - Description of Action (part B), Chapter 2.1
Expected Impacts (El)). This preparatory step provided insight into the intended purpose, expected
outputs, and methodological foundation of the quantification exercise.

2.2 - Data Collection through Interviews

To obtain an in-depth understanding of each demonstration, structured interviews were
conducted with each demo leader. These discussions were structured around three key
elements:

1. The initial objectives and expected outcomes of the demo;

2. The actual implementation of the demo;

3. The main challenges and barriers that had to be overcome;

This qualitative information provided valuable context together with the quantitative data from
the PAM.

Additionally, we verified the applicability of the PAM for each demo. Many demonstrations have
changed since the creation of the PAM in 2022 in scope, timing and involved stakeholders.
Therefore, we adjusted the input requirements where necessary to reflect the data available from
demo leaders.

2.3 - Data Input and Adjustment

Quantitative data collected by the demo leaders during the initial testing phase was entered into
the PAM. Where certain data points were unavailable, alternative indicators or approximated
values were used. Data from literature was used for external data such as carbon intensity of
Belgian grid electricity or the carbon intensity of one litre of diesel. This ensured a more objective
basis for comparison between demonstrations and the estimated impacts. This step sometimes
required adapting the model to the reality of each demo while still being able to compare to the
expected impacts.
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2.4 - Analysis of Individual Demos

Each demonstration was analysed individually in PAM, resulting in quantified outputs for two
dimensions:

e Social impact: primarily measured as CO, emission reductions;
e Economic impact: assessed through indicators such as investment costs and return on
investment.

The results were then compared against the Expected Impacts set at the start of the project,
highlighting both realized achievements and any deviations. This comparison allowed for an
objective assessment of the extent to which each demonstration has delivered on its expected
outcomes.

Importantly, reflections from demonstration leaders were included to emphasize that
quantitative results represent only part of the story. Several demonstrations yield benefits that
cannot be expressed in strict numerical terms, such as insights into the applicability of new
technologies, influence on strategic planning, or lessons learned for future upscaling.

2.4.1. Example of an analysis

The calculations for 4.24 - Green last mile - electric terminal tractors are shown below.
Calculations for other demonstrations are similar or a easier variation of this example. The data is
delivered by the demonstration leader or based on statistical data for Belgium, and can be found
in 6 — Annexes. The complete calculations can be found in the PAM.

Social

For the comparison between diesel and electric, the total emitted CO2 for diesel has to be
compared to the total emitted CO2 for the electric variation that can produce the same end result.

Total emitted CO2 - Diesel

COZ]

h L
Active hours [year] * Diesel consumption [E] * carbon footrpint diesel [kg -

= CO2 Total Diesel [kg/year]

h  6.97L co2

1375 * * 2.67kgT = C02 Total Diesel[kg/year]

year
25,588.61 kg/year = CO2 Total Diesel

Total emitted CO2 - Electric

Active h [ ] kWh ti [ ] b f trpint electricit [—]
* * :
ctive nours car consumption A caroon jootrpint electricity XWh

= CO2 Total Electricity[kg/year]

h 17.90kWh 0.156kg
1375 * *
year h kWh

= CO2 Total Electricity[kg/year]
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3,839.55 kg/year = CO2 Total Electricity

Delta carbon footprint

o kg . kg
CO2 Total Electricity [ | — CO2 Total Diesel |

k
— ——] = Delta Carbon Footprint [—g]
year year year
kg kg kg
3,839.55—— — 25,588.6 —— = Delta Carbon Footprint | ]
year year year

k
—21,749.06—g = Delta Carbon Footprint
year

Economic

To calculate the Return on Invest over 5 years, the total investment costs and the costs saved
because of the implementation have to be calculated.

Amount of years|years] * Delta costs [E

_ = ROI |9
Investment costs [EUR] (%]

5 years * —6,400.75 [EUR]
- Yearl _ Rol [%]
295,681.00 [EUR]

10.82 % = ROI (over 5 years)

2.5 - Overall Conclusion

Finally, the results of all individual analyses were consolidated into cross-pillar conclusions.
These aggregated findings provide a quantitative overview of the 19 demonstrations across the
four PIONEERS pillars, while situating the outcomes within the broader framework of the Green
Port Master Plan.

This layered approach ensures that the deliverable provides both a rigorous performance
analysis and a balanced perspective that recognises the pioneering, research-driven nature of
the demonstrations.
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3 - Data collection

The quantitative analysis presented in this deliverable required the systematic collection of data
from all demonstration leaders. Each demo generated data during its testing phase, including
operational measurements, performance indicators, and contextual information. This information
was essential to evaluate both the social impact (CO. reduction) and the economic impact
(financial viability) of the demonstrated innovations.

All collected data was subsequently implemented into the PIONEERS Assessment Model (PAM),
which is included in 6 - Annexes of this deliverable. PAM provided a standardised framework for
quantifying results, ensuring that outcomes could be compared across different demonstrations
and pillars.

In addition to the data gathered directly from demonstration leaders, this deliverable also
incorporates the Expected Impacts as defined in the project's Grant Agreement (Annex 1 -
Description of Action (part B), Chapter 2.1 Expected Impacts (El)). These values serve as a baseline
against which the measured results are compared, allowing for an objective assessment of the
gap between anticipated and realised impacts.
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A. Direct Impacts: how the project addresses the Expected Impacts (Els) stated in the call

PIONEERS Demons & Actions | \MPact | ypy Target Relative | Emissions Effect
Port Objective
Accelerated deployment of sustainable alternative fuels, green hydrogen and electromobility in transport, as well as sustainable energy supply and storage and
waste heat recovery in ports, clean energy/fuel production and distribution and increased alternative fuel supply, with re-fuelling and re-charging capabilities
. Lo CO» reduction
Green Hydropower Platform Antwerp Power generation in MWh 500MWh/annum 01 104.000tons/annum
SC recharging time <30 min 0Ol .
Hydrogen Refuelling Infrastructure | Antwerp SC H2 supply per day >130Kg 01 CO:; reduction 206,000
o tons/annum
SC refuelled per day >80 01
Vehicle charging points >1 0Ol Reduction of diesel use by
E-trucks Venlo Types of supported vehicles >3 01,03 50,0001t
Docking stations for Mobile Energy | Antwerp Battery container charging points > 2 01 CO; reduction 20,600
Containers Venlo Storage capacity >2 MW 01 tons/annum
Antwerp Number of charging points monitored > 60 Ol 10% reduction in energy used
Battery Energy Storage Constanta | Number of RES monitored > 50 01 from legacy power grid
Energy-efficient and green port operations and buildings
Energy Efficient Buildings ‘ég::;:ﬂa Reduction of natural gas used for heating 100% 02 CO: reduction 14,5 tons/annum
Green Straddle Carriers Antwerp Feasibility study of electric road 1 0Ol1, 03 Potential for CO: reduction up to
Constanta | Feasibility study of hydrogen SCs 1 01, 03 870,000 tons/annum
Automated contai hutt] Antwerp Shuttle transfers time reduction > 25% 3 100% diesel use reduction for
soL;u(':irzﬁsefo:m:JiIZe;rsa tlilonz Constanta | Operating cost reduction > 50% 03 the automated shuttles fleet
p P Venlo Annual cost savings > €370K 03 COs reduction 80 tons/annum
— > 50
Vessel Traffic Optimisation Antwerp I\R/Ie(:inljcl:ltli)(/)r\lf?: f{it(;elllz)iftiriﬁc'g ::ln;;lf?;e time =2 o 3% reduction in port maritime
P Venlo & g > 10% 02,03 emissions
per vessel
Maritime 5G Barcelona Reduction of total mooring operations time > 50 02.03 3 /o_ re_ductlon in port maritime
per vessel emissions
Number of data sources >8 03
Digital Twin Antwerp Number of what-if scenario types >4 03 5% port emissions reduction
& Barcelona | Port Functions covered >5 03 through pain points detection
Number of software modules > 8 03
Improved air quality, biodiversity, contribution to the circular economy
Local resource recovery for green, Antwer Local materials reuse > 500.000 tons o2 40% replacement of transported
circular concrete erp Shipments reduction > 285 ships over 3 - with local materials
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A. Direct Impacts: how the project addresses the Expected Impacts (EIs) stated in the call

PIONEERS Demons & Actions | \PPact | ppy Target AR DT D
Port Objective
vears 34.000
trucks

Green airports and ports as multimodal hubs, optimizing passenger and freight flows for low emission mobility, in a context of much stricter public health
criteria; green and smart logistics, integration with other low-emission transport modes and
reduced waterborne and other transport emissions

promoting effective modal shifts; reduction of noise at ports;

Number of active users (> 3 logins) per

15% reduction in port logistics

MaaS platform

passengers

Antwerp =20 O3 - .
IT platforms for multimodal Barcelona month = — Operations emissions
trarlllsport Constanta Modal sh{f‘t to rail increase > 8% O3 15% reduction of noise
Venlo Modal shift to barge increase > 7% O3 genera.ted form logistics
Reduce average container stay in the port > 30% o3 operations
5% reduction in port logistics
Cargo Flow Optimisation Antwerp Reduce port congestion >10% O3 operations emissions
5% reduction of noise (queues)
Vessel running cost reduction >25% o3
Automated vessels Antwerp Vessel operation revenue >25% o3 20% vessel energy use reduction
Safety incidents reduction > 90% Q3
Realizing a modal shift in the Antwerp . 50% legacy / 50% 40% reductalon n port
commute of port employees Barcelona | Modal split improvement areen mobility O3 commuters’ emissions
Constanta CO; reduction 2,000 tons/annum
Multimodal access to port using a Barcelona Public transport used increase in cruise > 10% 03 CO; reduction 300 tons/annum

Clear commitments and contributions to Europe-wide take up of technological, non-technolog
are expected, which could be in the form of follow-up actions, for instance supported by EU’s Connecting Europe

ical and socially innovative solutions during and beyond the project

Facility or other funding programmes

Number of demos transferred during the

stakeholders

- .
Co-transferability All project = 04 Detailed above per demo
Total number of replicated demos > 19 04
Con_1bmed effects with Linked All Number of Linked Actions > 15 04
Actions
.. . Number of projects reviewed > 160 04
Liaised projects All Number of projects liaised >29 04
Innovate Community Programme
that empowers local and global All Number of stakeholders =200 04

Figure 2. Expected Impacts as described in the Grant Agreement - Source: Annex 1 - Description of Action (Part B)
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4 - Model outcome and comparison to the

expected impacts
4.1 - Clean energy production, storage & supply

411 - Integrated green hydropower platform for port
infrastructure

4.1.1.1 - Demonstration scope and purpose

This demonstration focuses on testing the Green Hydropower Platform: an end-to-end solution
designed to generate renewable electricity from water currents in port infrastructure. The system
integrates a hydropower turbine with an energy-efficient axial-flux generator and will be
supported by a central monitoring cockpit. This cockpit enables real-time performance
monitoring, predictive maintenance, and optimise energy output based on operational
conditions.

4.1.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

According to the Grant Agreement, the demonstration was expected to generate 500MWh of
renewable energy annually, resulting in an anticipated CO2 reduction of 104.000 tons* per year.

4.1.1.3 - Measured impact with the Pioneers Assessment Model (PAM)

Due to delays related to the demo location availability, the deployment of the hydro turbine is
scheduled between October 1%t and December 31, 2025. Despite this, the impact of the demo
can be reliably estimated.

Social

Once implemented, the demo is expected to produce 580 MWh/year of renewable energy,
covering one-third of the total energy needs (1,680 MWh/year) of the lock infrastructure. This will
result in a reduction of grid electricity consumption and an estimated annual CO. reduction of
90.48 tons.

Economic

The development costs of this demonstration are 191,000 EUR, with an implementation cost of
870,000 EUR per turbine. The annual maintenance cost is projected at 35,000 EUR per year. By
replacing 580 MWWh of grid electricity with locally produced hydropower, the system generates
an annual saving of 37,166.40 EUR in electricity costs, given current pricing (Statista, 2022). This
results in a net operational cost reduction of 2,166.40 EUR per year per turbine. These figures
result in a Return on Investment (ROI) of 1,02% after 5 years.

! This anticipated CO2 reduction is likely an error due to transferring of data into the final version of the
Grant Agreement. The correct anticipated CO2 reduction should be 104 tons or 104.000 kgs.
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4.1.1.4 - Reflection of the demo leader

As the rollout of the demo has been delayed, the proposed and expected results have not yet
been demonstrated. However, we remain confident that these objectives will be demonstrated
during the demo period.

Some obstacles arose during the preparation of the demao. It is therefore worthwhile to take these
into account as “lessons learned”, so that they can be taken into consideration when planning or
implementing future projects:

- The process and regulatory framework for realising a grid connection is complex and deserves
the necessary attention and time.

- The ecological conditions deserve the necessary attention (in this case, we were confronted
with additional monitoring in relation to fish migration at the installation site).

The KPI of producing 500 MWh of green energy per year will be achieved. The achievement of
reducing CO2 emissions by 104,000 tons per year, as mentioned in the Grant Agreement, should
most likely be 104 tons or 104,000 kilograms.

4.1.2 - Realisation of a hydrogen refuelling infrastructure

4.1.2.1 - Demonstration scope and purpose
This demonstration introduces high-speed hydrogen refuelling infrastructure to support zero-
emission straddle carriers in port operations. Air Liquide is developing a 350-bar hydrogen
refuelling station tailored to PSA/ATS operational needs and a future fleet of 85 hydrogen-
powered vehicles. The pilot validates the technical feasibility and business case of hydrogen as
a sustainable fuel for heavy-duty port logistics.

4.1.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demonstration was to have an H2 supply of 130kg per day, with a
recharging time of under 30 minutes, and to be able to refuel over 80 straddle carriers per day,
resulting in a CO2 reduction of 206.000 tons per year.

4.1.2.3 - Measured impact with the Pioneers Assessment Model (PAM)

The demonstration was unable to complete its primary objective of commissioning a fixed
hydrogen refuelling station within the PIONEERS timeframe. Key deliverables MS6, MS17, and
D4.3 could not be fulfilled due to economic, regulatory, and market factors beyond project
partner control. Therefore, no data could be gathered for the Pioneers Assessment Model.
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413 - A corridor of modular docking stations for energy
containers

4.1.3.1 - Demonstration scope and purpose

This demonstration is looking at alternative propulsion systems for barges by realizing a battery-
electric propulsion system. This is achieved through a corridor of modular docking station for
battery containers for barges along the inland waterway corridor Antwerp-Willebroek-Venlo. The
station will charge battery-filled containers using green energy, which can then be loaded onto
an electric ship as an alternative fuel source.

4.1.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

In the Grand Agreement, it was estimated that 2 battery container charging points and over 2 MW
of storage capacity per energy container could be realized.

4.1.3.3 - Measured impact with the Pioneers Assessment Model (PAM)

The scope of this demonstration was a feasibility study that researched 3 locations and 2
retrofitted vessels. The calculations of the measured impact are done using an example of
retrofitting a diesel vessel with a remaining life cycle of 30 years.

Social

This demonstration has researched 3 charging stations for battery containers with a storage
capacity of 2,6 MWh per container. Because of this implementation, 235.549L of diesel can be
avoided per year per vessel. This results in a reduction in carbon footprint of 630 tons of CO2/year
per vessel.

Economic

With an investment cost of 1.150.000 EUR per battery container, a ship retrofitting cost of 800.000
EUR per vessel and a terminal infrastructure investment cost of 90.000 EUR per charging station,
the total investment costs total 2.220.000 EUR per vessel.

Over the life cycle of the vessel (30 years), a total of 4.6 million euros in diesel fuel is avoided. The
cost of electricity as an alternative propulsion source is estimated at 3.9 million euros over the
same time period. The current cost for diesel and electricity is used in both prognoses.

This results in a delta cost of -24.000 EUR per year.
These figures result in a Return on Investment (ROI) of 5.40% after 5 years.

4.1.3.4 - Reflection of the demo leader

Given that our demonstration only concerns a feasibility study, we cannot really speak of a gap
between expected and realized benefits. The results of the PAM correspond well with the
findings of our demo, namely, great social benefits, but a low ROI without government support.
The current ROI of 5.4% over 5 years (i.e, just over 1% per year) can be increased to 12.4% over 5
years in case the energy tax (40EUR/MWHh) can be reduced to zero. This levels the playing field

D9.4 - Evaluation of the innovations in the lighthouse port 24



PIONEERS

as sailing on diesel is also free from tax. Additional subsidies can fully close the gap for sailing on
batteries. Improvement in battery technology (increase in range and decrease in price) as well as
increasing the utilisation of the docking station and energy containers can further increase both
social and economic benefits.

4.1.4 - Battery storage and smart management of green energy in
terminal operations

4.1.4.1 - Demonstration scope and purpose

This demonstration focuses on a Battery Energy Storage System (BESS), and local grid data to an
AloT platform. The pilot creates an intelligent Energy Management System (IEMS) to monitor,
forecast, and optimise the use of locally generated green energy. The system aims to minimise
grid impact and manage peak loads.

4.1.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

In the Grand Agreement, it was estimated that 60 charging stations and 50 renewable energy
sources could be monitored. This, in combination with an intelligent Energy Management System,
could lead to a 10% reduction in energy used from the power grid.

4.1.4.3 - Measured impact with the Pioneers Assessment Model (PAM)

Social

The BESS was able to store 323.68 M\XWh/year of surplus renewable energy, based on data from
a six-month monitoring period. Together with an increase of energy creation from wind turbines,
grid electricity usage was reduced from 25% to 12% of total energy consumption, equating to a
relative grid energy reduction of 54.17%, exceeding the initially projected 10%. The increased use
of stored renewable energy resulted in a CO2 reduction of 50.5 tons per year, when compared to
the baseline of using electricity from the public grid.

Economic

The cost of green energy is 31-94 EUR/MWh lower than the cost of grid electricity, creating an
opportunity to reduce operational expenses through energy storage. The total development and
implementation cost of the demonstration is estimated at 1,469,160 EUR, while the annual cost
savings are estimated at 11,200 EUR based on reduced energy purchase from the grid. These
figures result in a Return on Investment (ROI) of 3.81% over 5 years.

4.1.4.4 - Reflection of the demo leader

The scope is changed during the project. It was not possible to integrate the EV Chargers with
the software solution. Despite achieving a 50% reduction in grid consumption and improved
energy efficiency, the expected financial return on investment was not realized due to
unfavorable market conditions, such as declining electricity prices and limited flexibility in energy
tariffs. The inability to integrate EV chargers with the EMS due to incompatible communication
protocols also reduced the scope of optimization. Regulatory delays, especially in obtaining
permits and homologation from Fluvius, postponed the EMS go-live and impacted early
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performance. Additional unforeseen costs—like transformer upgrades, smart meter installations,
and export limiters—strained the budget. Battery sizing, while adequate for current needs, may
not scale with future operational growth. The EMS optimization was successful, but peak shaving
yielded limited financial impact due to sufficient grid capacity. Real-time data gaps, especially in
wind energy consumption, affected precision in forecasting and dispatch. Overall, while
sustainability goals were advanced, economic viability remains a challenge under current
conditions.

- Problem Statement

Antwerp Euroterminal (AET) faced the challenge of optimizing the use of its on-site renewable
energy resources. Despite having renewable energy generation capabilities, AET required an
energy storage system and an Energy Management System (EMS) to enhance the efficiency of
self-generated power. The primary goal was to maximize the utilization of renewable energy,
reduce dependency on the grid, and meet stringent carbon reduction targets. The EMS needed
to provide additional benefits, such as real-time monitoring, predictive optimization, and
integration with existing energy assets, to support AET's broader sustainability and operational
efficiency objectives.

Given that electricity consumption in the EU is expected to increase by around 60% by 2030
(source: Actions to Accelerate the Roll-Out of Electricity Grids, Europa.eu), achieving grid
independence is becoming increasingly vital for port terminals. To tackle this challenge, it is
essential to invest in renewable energy sources and utilize advanced technologies for effective
management and coordination of all energy assets. This strategy ensures that renewable energy
is maximized, with any surplus energy stored and utilized at optimal times. Addressing this
approach helps mitigate key issues such as:
. Operational Disruptions

Rising Energy Costs

Regulatory Compliance

Achieving Net Zero Targets (aiming at becoming Net Zero by 2050)

4.2 - Sustainable port design

4.2.1 - Local resource recovery for green circular concrete

4.2.1.1 - Demonstration scope and purpose

This demonstration discovers the possibility of reducing the use of imported aggregates in
concrete by reusing construction aggregates from locally excavated soil without compromising
the performance and durability of the concrete. The excavated soil that is dug up for the
construction of a new dock, will be used in the concrete for the docks.

4.2.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demo was to reuse 500,000 tons of local materials and avoid 285
vessel shipments, and 34,000 truck movements to deliver raw materials over the course of 3
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years. This impact would be the result of a 40% reduction in primary raw materials being
substituted by secondary raw materials.

4.2.1.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration was a preparatory study as proof of concept for the construction of the new
ECA dock which will start construction in 2028. The plans for the new dock have changed over
the years, altering KPI's of this demonstration.

Social

This demonstration has successfully completed tests to replace 30% of the imported aggregates
with locally excavated aggregates without compromising the performance and durability of the
concrete. In total, 100,000m? of material is needed for this demonstration in the ECA project. With
a 30% local materials reuse, this results in 30,000m® or 75,000 tons of secondary local raw
material reuse. This would lead to a total shipment reduction of 20 ships and 12,500 trucks.
Assuming this demo will be upscaled in the context of the ECA project, the reduction of these
movements could potentially lead to 826 tons of CO2 saved over the entire construction period
of the ECA dock.

Economic

The development costs are estimated at 370,000 EUR. The replacement of primary raw materials
with secondary results in a 317,887 EUR reduction of transport costs, a 300,000 EUR reduction in
landfill costs and an almost 581,896 EUR reduction in primary material costs. The only
supplementary cost is the cost of plasticizer (i.e, 30,000 EUR) to improve the quality of the
concrete.

This would lead to a net present value of almost 800,000 EUR,

4.2.1.4 - Reflection of the demo leader
This sort of solutions is only possible if the whole organization (management, engineers,
designers, procurement, legal department, etc.) is convinced of the concept.

When, like in the demonstrator, the excavated materials are used for the construction of
infrastructure in the same place, temporary storage is needed. In case of huge volumes, this can
be a problem to solve (or to consider at an early stage). When a lot of materials are excavated,
like in the case of POAB, but only part of them will be used locally, it is important to use the port
as a temporary quarry. To organize this, it is important to get in contact with the local market
player and involve them without destroying their ecosystem.

4.2.2 - Hydrogen heating for buildings

4.2.2.1 - Demonstration scope and purpose

This demonstration investigates the potential of hydrogen as an alternative energy carrier to
replace natural gas for heating in port buildings. This potential is tested by installing a hydrogen-
powered heating system in a painter's hall. The system includes photovoltaic panels for local
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renewable electricity production, an electrolyser for hydrogen generation, a hydrogen storage
unit, and a hydrogen-compatible heating installation.

The building selected for this demonstration is equipped with photovoltaic panels to provide
green electricity for hydrogen production. When locally produced energy is insufficient,
electricity from the grid is used.

4.2.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demonstration was a 100% reduction in natural gas consumption for
heating, resulting in a projected CO: reduction of 14.5 tons per year.

4.2.2.3 - Measured impact with the Pioneers Assessment Model (PAM)

The demonstration successfully installed a hydrogen heating system, as well as a hydrogen
production- and storage to replace the natural gas heating system. The system has been tested
for a month and the results are extrapolated for an entire year.

Social

Due to limited solar energy availability during peak demand or low sunlight periods, 70% of the
electricity used for hydrogen production came from the on-site photovoltaic system. The
remaining 30% was sourced from the electricity grid, which still relies partially on fossil fuels. As
aresult, the actual CO: reduction achieved was 8 tons per year. If 100% of the electricity had come
from the PV installation, the CO- reduction could have reached approximately 13.5 tons per year.

Economic

The development and implementation costs of this demonstration were 280,862.18 EUR, which
does not include the installation of solar panels. The annual operational expenditure (OPEX) is
estimated at 19,321.81 EUR, primarily covering electricity for hydrogen production and system
maintenance. These costs result in a Return on Investment (ROI) of -34.40% after 5 years.

4.2.2.4 - Reflection of the demo leader

The installation has demonstrated the feasability of net zero emissions for heating port buildings.
Both the production of green hydrogen and heating with hydrogen were successfully achieved.
However, reliable operation of the installation has not yet been realised. Technical issues in the
production container are still being addressed, with the hope that these will be resolved during
the for the upcoming winter.

During combustion, a small amount of NOy is formed. Although this was not part of the original
scope, it is relevant to note. The measured values are negligible and do not affect the overall
environmental outcome of the demonstration.

The installation concept was divided into three main components: hydrogen production,
combustion, and transport. Within the building services sector it became clear that there is
insufficient expertise to monitor and operate such a complex system as a whole. As a result, the
demonstration was unable to fully achieve one of its intended objectives: conducting a complete
energy analysis through metering and ensuring reliable operation. In practice, the industrial
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market is better equipped to handle such integrated systems, but typically on a larger scale. The
key lesson from this experiment is that the industry must continue to innovate and perform such
pilots, but with the right monitoring partners and with a clear distribution of benefits and risks
among all parties involved.

Looking ahead, if a green hydrogen grid becomes available, the hydrogen boiler concept could
be applied more broadly. In such a case, implementation would be less complex from a legal and
permitting perspective and more cost-efficient. However, the combined production-and-heating
concept as tested in this demo is unlikely to be replicated in other buildings due to high costs,
complex permitting procedures, large spatial requirements, and fragmented knowledge within
the contracting chain.

Overall, the hydrogen boiler itself has proven to be stable and reliable in combustion, while
hydrogen production remains the main challenge. If green hydrogen were to become readily
available from the grid, this would be a defensible and scalable decarbonisation technology.

4.2.3 - Green straddle carriers

4.2.3.1 - Demonstration scope and purpose

This demonstration’s objective was to test hydrogen as an alternative fuel for straddle carriers by
implementing dual-fuel technology in day-to-day terminal operations, retrofitting an existing
straddle carrier with a hydrogen storage system and injection system that has the potential to
substitute up to 70% of the diesel with hydrogen of an internal combustion engine. The
demonstration-tested the feasibility from a technical, safety, and regulatory perspective, to learn
if dual fuel technology can be used as a transition technology.

4.2.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The estimated impact of this demo was a feasibility study of electric roads and of hydrogen
straddle carriers, which would lead to an estimated CO2 reduction impact of 870,000 tons/year.

4.2.3.3 - Measured impact with the Pioneers Assessment Model (PAM)
The demonstration successfully retrofitted one straddle carrier engine to operate with a fuel
blend of 30% to 35% hydrogen.

Beyond the scope of the Grant Agreement and based on the experience gained with the first
demo, PSA also retrofitted an additional straddle carrier with another type of dual fuel engine that
can operate with a dual fuel substitution of 70% to 80% hydrogen.

Social

Given the substitution rate of 70% diesel to hydrogen, 70,000 liters of diesel combustion can be
avoided per straddle carrier per year. During this demonstration, one straddle carrier has been
retrofitted with a 30% average hydrogen substitution rate engine, and one with a 70% average
hydrogen substitution rate engine, resulting in an annual CO2 reduction of 187.5 tons.
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Economic

The development costs are 750,000 EUR, with an installation cost of 150,000 EUR per straddle
carrier. The operational expenditures per retrofitted straddle carriers increase by 53,617.83 EUR
per year as a result of soaring fuel costs (hydrogen cost of 5 EUR/kg compared to a diesel cost
of 1 EUR/liter) and an increase in maintenance costs. The largest contributor to this difference in
OPEX is the high price of hydrogen compared to diesel and the lack of hydrogen refueling
infrastructure.

These figures result in a Return on Investment (ROI) of -22,34% after 5 years.

4.2.3.4 - Reflection of the demo leader

The objective of the demonstration was to evaluate the viability of dual-fuel hydrogen-diesel
technology as a transitional solution for port equipment, and to benchmark it against battery-
electric drivetrains. From a technical perspective, the trials were successful: we succeeded in
developing a safe, scalable, cost-effective, and retrofittable hydrogen system for both existing
and future straddle carriers, meeting all initial performance targets.

However, the anticipated progress in hydrogen production and infrastructure has not
materialized as expected. Significant development is still required to scale the broader
ecosystem and ensure that hydrogen supply systems become reliable and economically viable.

At present, this lack of infrastructure poses a barrier to further scaling and to achieving the
potential CO: reduction targets. Additionally, the current low diesel prices continue to undermine
the economic case for transition.

4.2.4 - Green last mile - electric terminal tractors

4.2.4.1 - Demonstration scope and purpose

The original scope of the demonstration included both the deployment of the electric terminal
tractor (e-TT) and the installation of charging stations. During the project, however, the scope was
refined. The final focus was placed entirely on testing and analyzing the e-TT in real operational
conditions to see if they could be a good alternative to diesel-fueled terminal tractors.

4.2.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demo was to build one vehicle charging point and three supported
vehicles. The introduction of these three vehicles would lead to a diesel reduction of 50.000 liters
per year.

4.2.4.3 - Measured impact with the Pioneers Assessment Model (PAM)

Following the refinement of scope, testing activities focused exclusively on electric terminal
tractors (e-TTs). The testing campaign was conducted from mid-January to mid-March using one
e-TT. Charging infrastructure was already available on site to support the operations. Based on
the results, the e-TT can operate for a 6-8hr work shift on a single charge.
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Social

Replacing a diesel terminal tractor with an e-TT avoids the consumption of approximately 9,583
litres of diesel per vehicle per year, equivalent to an annual reduction of 21.75 tons of CO>
emissions. Scaling to three vehicles results in an avoided diesel consumption of 28,751 litres
annually, with proportional emission savings.

Economic

The investment cost of one e-TT, including two battery packs and a charger, amounts to
€205,681. Despite the higher initial cost for an e-TT, the annual operating costs (including
maintenance, repair, and fuel) are reduced by approximately €6,400 per e-TT compared to the
diesel alternative. These costs result in a Return on Investment (ROI) of 10.82% after 5 years.

When considering an eight-year lifespan, the Total Cost of Ownership (TCO) for one e-TT is
€403,685, compared to €288,792 for a diesel tractor.

4.2.4.4 - Reflection of the demo leader

During the project the demonstration has undergone a number of changes primarily due to
partners not being capable of investing in the purchase or lease of e-TTs. In order to overcome
this and still achieve results within the project lifetime, the actual operating period has been
shortened. Still, most of the objectives have been achieved and the demonstrator has resulted in
important insights that feed the decision-making process on future replacements of terminal
tractors at ECT, but also other logistic companies in Venlo that operate these vehicles on similar
use cases.

The limited test period and relatively low daily operating hours also made it difficult to fully
demonstrate the potential cost savings at higher utilization rates. Furthermore, the relatively slow
charging speed during the demo limited operational flexibility and did_.not reflect the full potential
of what is possible with stationary chargers. Therefore, the potential of faster chargers as well as
the option of adding more battery capacity to the EV have been simulated and reported.

4.3 - Modal shift & flows optimisation

4.3.1 - Multimodal connectivity platforms - inland planner

4.3.1.1 - Demonstration scope and purpose:

The Multimodal Inland Planner (MIP) demonstration develops an integrated digital platform
providing comprehensive multimodal transport visibility from the Port of Antwerp-Bruges to
hinterland destinations. Led by Mosaic Factor in collaboration with LINEAS, this platform
addresses the critical need for transparent, reliable information about transport options across
rail, barge, truck, and short sea connections to facilitate modal shift toward sustainable transport
modes.

The platform's unique value proposition lies in integrating real-time capacity and availability
information for rail services. This integration bridges the gap between identifying efficient
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transport connections and actually booking these services through seamless operator
integration.

4.3.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29):

The expected impact of this demo is to develop a tool with 20 active users per month. This would
cause an increase in modal shift of 8% for rail transport and 7% for barge transport. The
implementation of this tool would also reduce the average container in the port by 30%.

These impacts should lead to a reduction of 15% in port logistics operations emissions and a 15%
reduction in noise generated from logistics.

4.3.1.3 - Reflection of the demo-leader:

The measurement of specific KPIs on the social and economic benefits were not possible since
the demonstration did not scale up to a production environment. Hence the results remained
limited to scenario based. The availability of the data limited the model's results and his potential.
Data availability was also affected by regulatory constraints that slowed the access, limiting
performance monitoring and analysis.

Platform and algorithm are ready to be scaled to a production environment after been filled with
recent data. However, the decision from the few ports authoritities, including POAB, to focus at
commercial level on the competing solution of PoR (Port of Rotterdam), RouteScanner, did not
easy the barrier of obtaining data as originally planned, being the MIP (first developed in Corealis)
still in a pre-commercial stage.

4.3.2 - Digital Rail Platform

4.3.2.1 - Demonstration scope and purpose

This demonstration develops a Digital Rail Platform to improve rail flow management and
stakeholder coordination in the Port of Antwerp-Bruges. Through integrated applications for
communication, data sharing, visibility, and shunting operations, the platform enhances
transparency and operational efficiency. By leveraging digitalisation, it aims to increase rail
transport capacity utilisation and support more sustainable logistics chains.

4.3.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demo is to develop a tool to increase the modal shift to rail transport
by 8%.

4.3.2.3 - Measured impact with the Pioneers Assessment Model (PAM)

The implementation of this demonstration represents an initial step in the deployment of the full
tool, which will be further developed and expanded over the coming years. The expected
environmental and economic impacts can therefore only be fully assessed once the tool is fully
implemented. A key challenge was the absence of baseline data prior to implementation, as no

D9.4 - Evaluation of the innovations in the lighthouse port 32



PIONEERS

comparable datasets were available. This has limited the ability to calculate certain indicators at
this stage.

Social

Preliminary results indicate an increase in rail utilization of 0.000134% as a result of the unfinished
tool's implementation. However, it has not yet been possible to calculate the corresponding CO2
reduction, given the early stage of deployment and the limited scale of current data.

Economic

The development and implementation costs for this demonstration amounted to €2,800,000,
covering the establishment of the data fabric, data optimisation, visibility of rail transport, and the
integration of insights into shunting hill operations. Based on current data, the implementation is
expected to deliver an annual decrease in operational expenditure (OPEX) of €9,728.

4.3.2.4 - Reflection of the demo leader

The developed tools do not directly contribute to a reduction in CO2 emissions. Their primary
purpose is to position rail transport as more attractive and user-friendly. In this way, they support
the broader ambition of achieving a modal shift towards rail. Nevertheless, their contribution
remains limited, as they represent only a small element within a complex system. The overall
impact is largely determined by the choices of transport operators and the policy frameworks set
at the European & local level. The actual impact of the various tools is a change process that will
take some time.

4.3.3 - Modal shift in the commute of port employees

4.3.3.1 - Demonstration scope and purpose

This demonstration develops a smart and sustainable mobility policy for employees working in
the port area, focusing on soft measures to influence mobility behavior. The overall objective is
to realise better accessibility of the port and the city, reduce car-based travel and CO2 emissions,
increase the liveability and contribute to the economic growth and employment in the city and
port by providing better access.

4.3.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demo was to have an improvement in the modal split. The city of
Antwerp has set a goal of a modal split of 50/50. So, half of all movements should be by
sustainable modes of transport, and a maximum of half could be by cars. This would lead to a
CO2 reduction in port commuters' emissions of 40% and a CO2 reduction of 2,000 tons per year.

4.3.3.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration has only invested in soft measures to support commuters toward a more
favorable modal split. They have done this by informing, enthusing, facilitating, and stimulating
commuters to opt for more sustainable modes of transport. Hard measures such as infrastructure
development were out of the scope of this demonstration.
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In total, 5352 employees spread over five different companies participated in the survey in 2022
and 4998 employees spread over the same five different companies participated in the survey in
2024.

Social

Here you can find the complete modal split from the two most recent employee surveys
(exclusively for those port companies that participated in both the 2022 and 2024 editions of
PIONEERS, divided into the three modes 1) car, 2) bicycle, 3) public transport):

2022 2024

Car 59.45% 63.84%

Bike 32.14% 30.61%
Public transport 8.4% 555%

Table 2: Modal split according to employee surveys

A comparison of both surveys reveals a shift in the modal split, with car usage increasing by 4.39%,
while bike usage decreased by 1.53% and public transport usage by 2.85%. As a result, the share
of movements made by sustainable modes of transport (bike + public tansport) has declined from
40.54% to 36.16%. The average cost of participating in this demo is 5302,33 EUR per company.

4.3.3.4 - Reflection of the demo leader
Some reflections which can explain (briefly, partly) the gap between the expected and realised
modal shift.

- The results of the employee survey always relate to the sample of participants
(employees of the five port companies) who took part in the survey. Participation in the
survey is always anonymous, which means that we can only compare the results/data per
survey without necessarily being able to measure any evolution (each edition of the
employee survey involves a different group of employees). There is simply a (significant
to large) difference between the respective compositions of the ‘sample/participants
edition 2022" and ‘sample/participants edition 2024

- According to employers we have spoken to in the meantime, this could (also) be related
to the fact that employees - due to working from home more often - are more likely to
choose to drive to the office on the days they do come in (because it is “only" a few times
a week). This is a direct consequence of the increase in teleworking/working from home
as a measure in response to the COVID-19 pandemic. In recent years,
teleworking/working from home has become a structural policy at various (port)
companies, not only for occasional but also for structural teleworking/working from
home. The time lost by employees who travel to and from work by car has decreased as
a result of fewer travel days per week. On days when employees still have to be at their
workplace, they sometimes perceive being stuck in traffic as less of a nuisance. This could
be one reason why sustainable modes of transport (also in a port context) are gaining less
ground or, in certain cases, even losing ground.

D9.4 - Evaluation of the innovations in the lighthouse port 34



PIONEERS

This could indicate that additional initiatives are needed to encourage (more) port companies
and employees to engage in (more) modal shifts and further reduce CO2 emissions, even if
they only have to travel to work a few days a week.

In order to gain a better understanding of the motivations, needs, requirements, barriers, and
drivers of port companies and their employees when it comes to commuting choices, it can
certainly be beneficial to supplement the quantitative data with qualitative interviews (such
as focus group discussions). It is important to involve a diverse range of port companies and
employees in such (group) discussions. This could lead to a set of additional (policy)
measures, services, and products for an organization such as the city of Antwerp and the
Smart to Antwerp program.

4.3.4 - Cargo Flow Optimisation

4.3.4.1 - Demonstration scope and purpose

The Cargo Flow Optimization demonstration develops innovative real-time scheduling software
for optimizing inland waterway transport operations and associated last-mile truck movements
throughout the Port of Antwerp-Bruges hinterland. The comprehensive solution addresses
complex multimodal logistics challenges while incorporating emerging technologies including
electric vehicles and autonomous systems.

The solution will integrate automated vessels, e-barges, and e-trucks, using synchromodal
algorithms to dynamically switch consignments between modes based on real-time data. The
approach aims to reduce congestion, costs, and emissions while improving efficiency and service
in green hinterland logistics.

4.3.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demo is to reduce port traffic congestion by 10%, which would lead
to a 5% reduction in port logistics operations emissions and a 5% reduction in noise due to queues.

4.3.4.3 - Measured impact with the Pioneers Assessment Model (PAM)

Because this demonstration is implemented on a broad scale, it is challenging to calculate
absolute impacts. Instead, the assessment focuses on the relative differences expressed as
percentages, which also align more closely with the expected impacts defined in the Grant
Agreement.

Social

Implementation of this demonstration resulted in a 7.6% reduction in the total distance driven by
trucks. Additionally, there was a 15.7% increase in short journeys to inland terminals. These shorter
trips are particularly well-suited to replacement by electric vehicles, thereby creating further
potential for emission reduction. Additionally, the anticipated modal shift would lead to a
reduction in congestion around Antwerp by 10.5% because of a reduction in truck movements in
and out of the port. Similarly, the emissions due to truck operations in the ports would be reduced
by the same 10.5%.
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Economic

The implementation also led to a 5.4% reduction in energy cost per container, and is influenced
by multiple factors, including barge occupancy, waiting times, loading times, diesel prices, and
alternative energy sources. Depending on the interrelation of these variables, the actual energy
cost per container may vary.

4.3.4.4 - Reflection of the demo leader

The benefits summarised above are broadly in line with the expectations at the start of the
project. The Cargo Flow Optimization approach presents a win-win scenario. Societal benefits
(reduced emissions, congestion and noise) are created through better utilisation of green
transport modes and reduced truck kms. At the same time the solution reduces costs for logistics
operators by increasing the utilisation of capacity and reducing wasted empty repositioning
movements. This combined effect means that there is a clear economic motivation to deploy the
solution, and the anticipated societal benefits follow as a result.

The reduction in truck kms would also reduce noise sources by an estimated 7.6%. This is
assuming all trucks have an equivalent noise profile, which is considered to be a conservative
assumption because the increased possibility of electric truck movements (see above) would
further reduce noise and emissions.

4.3.5 - Cargo Flow Predictor

4.3.5.1 - Demonstration scope and purpose

The Cargo Flow Predictor demonstration develops advanced Machine Learning capabilities for
predicting container transport patterns and gate operations at the Port of Antwerp-Bruges. Led
by Mosaic Factor with data contributions from the Port of Antwerp-Bruges and NxtPort, this
innovative application addresses critical operational planning challenges by providing predictive
insights into Next Mode of Transport (NMOT) selection and container gate-out timing patterns.

A better forecast on the NMOT (road, river or rail) will reduce terminal operations and increase
productivity.

The demonstration focuses on analyzing container flow data to support port stakeholder
decision-making through visualization of operational and strategic scenarios. Advanced Machine
Learning models extract maximum value from available container information while providing
robust, scalable prediction capabilities for diverse operational applications.

4.3.5.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)
This demonstration was not included in the Expected impacts of the Grand Agreement.

4.3.5.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration addresses operational planning challenges by providing predictive insights
and support for port stakeholder decision-making. This makes it difficult to link results due to the
implementation of this demonstration.
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Social

Since this demonstration never went into a production environment, it is not possible to have
quantitative data. For a qualitative analysis of this demonstration, refer to D3.9 4.4.3 Lessons
Learned and Best Practices.

Economic
Refer to 4.3.5.4 — Reflection of the demo leader.

4.3.5.4 - Reflection of the demo leader

Although the demonstration never went into a production environment, it clearly demonstrated
the value of predictive analytics in port logistics, showing how data-driven insights can lead to
smarter and more sustainable operations at the Port of Antwerp-Bruges.

The container stacking problem (CSP) is the main factor affecting the container terminal's
unloading/loading process. A simulation, based on the specs of a large container terminal in the
Port of Antwerp-Bruges, showed that with an NMOT indication in its stacking strategy the terminal
could potentially handle 20% more containers (Mazloumi & Van Hassel, 2022).

However, for a concrete estimation we should scale production in order to work with data over a
longer period. The impact in terms of operations costs is not available.

Throughout the process of the demonstration, it became evident that active stakeholder
engagement and reliable access to data are essential for success. Equally important is the clear
communication of the benefits, ensuring that all parties understand the impact and potential of
the solutions. It helped to focus on NMOT instead of trying to predict the whole journey, reducing
the fear of stakeholders on possible insights that they were not ready to share.

Looking ahead, the next steps include retraining the models with fresh data to prevent
performance drift, piloting real-time predictions using live data, and integrating these capabilities
into the Port of Antwerp-Bruges' digital ecosystem. In parallel, explore how this approach could
be adapted and applied to other ports across the EU, extending its benefits beyond the local
context.

4.3.6 - Multimodal access for end-users using MaaS aggregator
platform

4.3.6.1 - Demonstration scope and purpose

This demonstration investigates how a Mobility as a Service (Maa$S) application can support cruise
tourists in accessing sustainable transport options when arriving at the port. Motorized personal
vehicles and taxis have an important share of the modal split in cruise passengers arriving or
departing from new cities. The goal of the demonstration is to identify requirements for
implementing a MaaS mobility platform and to assess the platform's potential to reduce
dependence on motorized transport in port areas.
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4.3.6.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demo was to increase the public transport used by cruise passengers
by up to 10%. This modal shift was estimated to lead to a CO2 reduction of 300 tons per year.

4.3.6.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration has analyzed the needs of cruise passengers, the existing transport
landscape, and stakeholder perspectives. Several key insights and actionable recommendations
have emerged and are discussed in D3.9 Final Actions Status Report.

Most of the data is based on estimations that became clear during the progress of the
demonstration.

Social

The demonstration included an analysis of cruise passenger behaviour, the existing transport
offering, and stakeholder needs. Based on estimations and user surveys, it is assumed that
150,000 cruise passengers per year would normally choose public transport as their preferred
mode. The emission difference between taxi and bus transport is estimated at 0.5 kg of CO- per
passenger, resulting in a baseline CO:z reduction of 75 tons per year.

The development of a Maa$S application would lead to an additional 8,000 public transport users.
This would be an increase of around 5% in public transport users from cruise passengers.

Economic

The demonstration was based on the adaptation of an existing Maa$S platform to meet the needs
of cruise passengers. The total investment cost is estimated at 105,000 EUR. The annual
operational expenditure (OPEX) amounts to 45000 EUR, primarily related to marketing and
maintenance costs. The platform generates an estimated annual revenue increase of 12,500 EUR
through service integrations and partnerships.

These costs result in a hegative return of investment (ROI) of -72% after 5 years.

4.3.6.4 - Reflection of the demo leader

According to the Grant Agreement, the expected benefit of this demonstration was a CO-
reduction of 300 tons per year. In contrast, the findings of the demonstration estimate the actual
reduction at around 75 tons per year, representing a 77% lower outcome than originally
anticipated.

This difference can largely be explained by the limited knowledge, at the start of the
demonstration, about the types of cruise tourists and their specific requirements. This had a
substantial impact on the proportion of end users that could realistically be considered in scope
for a modal shift. For example, consultations with stakeholders (e.g. travel agencies, operators)
and surveys of end users revealed that only a narrow segment of cruise tourists, those making
intermediate stops and arranging their visit to the city independently could be targeted for a
transport mode shift. This excludes passengers embarking or disembarking in Barcelona, as well
as those participating in organised excursions from the shipping line.

D9.4 - Evaluation of the innovations in the lighthouse port 38



PIONEERS

As a result, the user classification exercise based on survey data showed that the share of total
cruise passengers eligible for a shift to public transport was smaller than initially expected.
Nevertheless, the demonstration generated highly valuable insights. It deepened the
understanding of the barriers to implementing tools that can influence end-user behaviour in a
complex environment with diverse commercial and non-commercial stakeholders.

4.4 - Digital transformation

4.4.1 - Automated container shuttle solutions for port operations

4.4.1.1 - Demonstration scope and purpose

This demonstration aims to replace manually driven diesel trucks with autonomous electric
vehicles for the internal transfer of semi-trailers within port facilities. These internal shifts are
frequently required for repositioning semi-trailers or for loading and unloading cargo. The
solution consists of three core components: the development of an electric heavy-duty vehicle,
the integration of an autonomous driving system suitable for private road operations, and the
deployment of a Transport as a Service (TaaS) platform to manage and monitor operations.

4.4.1.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demonstration included a 25% reduction in shuttle transfer time, a
50% reduction in annual operating costs per vehicle, and a total annual cost saving of 370,000
EUR. By fully substituting manually driven diesel trucks with automated electric shuttles, the
demonstration aimed to achieve a CO- reduction of 80 tons per year.

4.4.1.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration successfully tested Automated Guided Vehicles (AGVs) on the terminal for
the internal movement of semi-trailers. Due to lower driving and handling speed, it was decided
that three AGVs are required to replace one diesel truck.

Social

The implementation of these three AGVs instead of one diesel truck would reduce CO2 emissions
by 144 tons per year. If the full replacement target is achieved by deploying eight AGVs, the
estimated CO: reduction increases to 385 tons per year.

Economic

The initial investment cost per AGV is 1,500.00 EUR. Because of the increased transfer time from
15 to 35 minutes per trip, three of these AGVs need to be implemented to replace 1 diesel truck,
which results in an investment of 4,500,000 EUR.

The introduction of three AGVs results in an annual cost saving of 427.411 EUR because of the
reduced labour, fuel, maintenance, and truck rental costs

These costs result in a return on investment (ROI) of 47.49% after 5 years.
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4.4.1.4 - Reflection of the demo leader

During the demo, several factors limited the achievement of the expected KPIs. The sensor
mounting kit had to be designed and manufactured in-house, as no ready-to-use solution was
available. This increased time and costs; for future projects, a simpler, standardized, and more
cost-effective mounting solution is recommended.

In addition, GNSS signal quality on site was significantly worse than expected, requiring the use
of additional correction services to achieve the positioning accuracy needed for safe truck
operation. This resulted in delays and higher operational costs. For future deployments, more
robust positioning approaches should be implemented, such as combining GNSS with IMU and
marker-based systems, to ensure consistent high-accuracy localisation.

These improvements would enable higher operational speeds and contribute directly to
reducing shuttle transfer times.

4.4.2 - Automated vessels

4.4.2.1 - Demonstration scope and purpose

This demonstration explores the use of remotely operated automated vessels as a sustainable
alternative to traditional waterborne and road transportation. These vessels are controlled by a
Shore Control Centre, where a single operator can supervise multiple vessels simultaneously.
During this demonstration, its potential was assessed to improve safety, flexibility, and efficiency
in inland shipping while also reducing operational costs and environmental impact.

4.4.2.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demonstration was to achieve a 25% reduction in vessel running
costs, a 25% increase in operational revenue, and a 90% reduction in safety-related incidents.
Additionally, the technology was expected to reduce energy consumption by 20% per vessel.

4.4.2.3 - Measured impact with the Pioneers Assessment Model (PAM)
This demonstration tests have been conducted in June 2024. Based on it, the following results
have been obtained.

By implementing the remote-controlled system, it is possible to eliminate three on-board crew
members and two additional supporting crew members, resulting in significant operational
savings.

Social

The use of remote-controlled technology enables more optimized navigation and fuel
consumption. On average, this results in a saving of 1,000 litres of diesel per vessel per year,
corresponding to a reduction in energy use of 0.22% and a CO- reduction of 2.67 tons per vessel
per year.
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Economic

This demonstration has an initial installation cost of 125,000 EUR per vessel and a development
cost of 12,500 EUR. Bringing the total investment costs of the demonstration to 137,500 EUR.

The annual reduction in crew costs amounts to 323,000 EUR, while the operational costs related
to remote-control technology total 253,200 EUR per vessel per year. This results in a decrease in
OPEX of 72,800 EUR per vessel.

These figures result in a Return on Investment (ROI) of 265% over 5 years.

4.4.2.4 - Reflection of the demo leader

Social

From another study, we observed that vessel energy use is reduced by 20% thanks to the remote-
operating technology. In this specific study, fuel consumption was not considered.
Operators' feedback was that their situational awareness was enhanced thanks to the
development carried out in the project.

Economic

The economic target of achieving >25% vessel running cost reduction has been accomplished.
By comparing the hourly personnel cost for the crew on board without remote navigation to the
hourly personnel cost including remote navigation, resulting in a total vessel running cost
reduction of 35%.

The project has shown that remote navigation enables an increase in operational revenue. By
operating vessels from shore, multiple ships can be managed in parallel, allowing for more shifts
per day and more efficient crew allocation. This translates into faster turnaround times and
shorter transit durations, ensuring that vessels reach their destinations more quickly.

As a result, each vessel can generate more sailing hours and additional trips within the same
timeframe, directly boosting revenue. Moreover, the scalable nature of remote navigation allows
us to expand fleet operations without proportionally increasing crew costs, reinforcing both
efficiency and profitability.

4.4.3 - Digital twin

4.4.3.1 - Demonstration scope and purpose

This demonstration develops a Port Digital Twin to support cross-domain decision-making on
CO2 emissions, multimodal logistics flows, and people movements. Building on the existing
Lighthouse Port Digital Twin, the pilot integrated new datasets, Al models, and visualisation tools,
interconnecting previously separate data sources such as CO, sensors, AlS, GIS, and mobile
location data. Co-designed with end-users, the system provides actionable insights for reducing
emissions, optimising logistics, and managing flows between the port and the neighbouring city.
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4.4.3.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The goal of this demonstration is to implement over 8 different data sources with 8 different
software modules. These would cover 5 port functions and 4 what-if scenario types.

Th expected impact of these implementations would be a 5% port emissions reduction through
pain point detection.

4.4.3.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration brings together several partners to expand the Port of Antwerp-Bruges
Digital Twin. By integrating additional datasets, software modules, and scenario types, the digital
twin has become more comprehensive and realistic, enabling more informed and data-driven
decision-making.

KPI Target | Macomi | Imec | Univers | Total
How many data sources >=8 3 6 2 11
are used?

How many what if scenario >=4 3 1 0 4
(types) are used?

How many port functions >=5 1 2 2 5

(use cases) are covered?

How many software >=8 6 9 2 17

modules are used

Table 3: Expected Impact vs Measured Impact

Social

While a digital twin does not in itself reduce the carbon footprint of port operations, it provides
the analytical foundation for emissions reduction. By combining real-time monitoring with
advanced modelling, the tool generates actionable insights that can guide interventions to lower
COz emissions, improve multimodal flows, and enhance the interface between the port and the
city.

Economic

The development and implementation costs for the digital twin consist of three parts. The costs
for Macomi are estimated at 2,750,000 EUR. The costs for Imec are estimated at 450,000 EUR.
The costs for Imec are estimated at 140,000 EUR.

4.4.3.4 - Reflection of the demo leader

A digital twin can have significant impact as a decision support tool, as shown in three main use
cases: traffic optimisation of ships at locks, carbon emission monitoring, and visibility of rail
bundles to improve planning of operational teams and shunting activities. By integrating data
from various parts of the organisation, often across domains and even beyond the organisation,
models can be run and results visualised in dashboards. While the digital twin itself does not
directly reduce the carbon footprint, it demonstrates that by measuring and monitoring data,
valuable insights can be generated and translated into tangible actions that effectively lower
emissions. The demo also highlighted challenges around accessing and sharing data, which were
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less technical in nature and more related to governance and culture. Aligning stakeholders
around a common goal and clearly defining expectations for data management upfront proved
essential. Once this foundation is in place, it opens the door to tackling more complex cases and
scaling the impact of digital twin solutions.

4.4.4 - Vessel traffic optimisation

4.4.4.1 - Demonstration scope and purpose

This demonstration aims to minimize round-trip port sailing times by developing 2 technologies.
Using optimal lock planning and vessel forecasting, the tool acts as a Decision Support System
(DSS) for PoAB traffic planners in finding a balance between maximizing lock capacity while
minimizing vessel waiting times. Hereby considering all inbound and outbound vessels, tides,
traffic rules and so forth.

4.4.4.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demo is a monthly vessel call capacity increase by 5% and a
reduction of total berthing & docking time by 10% per vessel, resulting in a CO2 reduction of 5%
in port maritime emissions.

4.4.4.3 - Measured impact with the Pioneers Assessment Model (PAM)

The demonstration developers are currently integrating the application into the POAB structure
for the traffic planners to use. This will still take months before all the applications are fully
implemented. The integrated application will need to have a 100% utilization rate to be in full
effect. However, it is estimated that around 50% of the applications are implemented at the time
of writing. Therefore, the provided results are based on an estimation of what the effects of the
implementation of this demo would be based on the realized numbers in 2019 in the Port of
Antwerp.

Social

The social impact of the implementation of the demonstration is estimated based on the
reduction in inbound & outbound vessel travel time in the port, averaging a 7 minutes reduction
per vessel round trip. This reduction in travel time causes a carbon footprint reduction of 12,629
tons of CO./year.

This reduction in CO2 emissions would be a reduction of more than 2% of total port maritime
emissions for seafaring vessels in the Port of Antwerp.

Economic

Since it is impossible to link an increase in vessel calls to the implementation of this demo, this
estimated impact has been left out. An increase in vessel calls is more likely to be caused by
other external influences.

The development and implementation costs are estimated at 2,750,000 EUR. The economic
value of the implementation of this demo comes from the decrease in travel time and a decrease
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in fuel usage, which would lead to a cost reduction of 1,130,000 EUR/year. These figures result
in a Return on Investment (ROI) of 205% after 5 years.

4.4.4.4 - Reflection of the demo leader

Finding a balance between the waiting times of individual vessels waiting for a lock and the total
waiting time for the entire fleet (individual versus total system) proves challenging. In some cases,
individual vessels had to wait longer in order to minimize the waiting time for a group of vessels
that can jointly enter the lock. The DSS for vessel traffic optimization can easily make even better
waiting time minimization for the entire fleet than was proven in the demo. In these optimizations,
however, the waiting times for some individual vessels proved to be unacceptably long. These
are also influenced by system characteristics that cannot be optimized, especially tide windows.
Nevertheless, all investigated scenarios showed a reduction in the average vessel waiting times
with a lower impact on barges and more significant, up to 37% difference, for sea going vessels.

Data is key in this demo. The DSS for vessel traffic optimization does not perform well without
accurate and reliable data. In this demo a lot of effort was spent on collecting data, especially at
the beginning. Once the data pipelines were set up collecting data went fast and smoothly. A
major challenge was also that the parallel locks needed to be optimized together as they could
all be used to reach the right bank and the vessel journeys had inbounded and outbound
lockages.

4.4.5 - Maritime 5G for intelligent vessel location

4.4.5.1 - Demonstration scope and purpose

This demonstration develops and tests an intelligent vessel location system that uses Al-
powered video analysis from 5G cameras to accurately estimate vessel position, course, and
speed during entry and mooring operations. By combining 5G connectivity, edge computing, and
geo-positioning algorithms, the system aims to outperform existing port positioning tools such as
AlS and RADAR, while enabling scalable, real-time data sharing with control tower systems.

4.4.5.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)

The expected impact of this demonstration is a reduction in total mooring operations time of 5%
per vessel. This would lead to a 3% reduction in port maritime emissions.

4.4.5.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration successfully integrated an intelligent vessel location system. A monitoring
campaign was carried out from August 2024 to January 2025. The primary objective of this project
was to enhance safety in port operations.

Social

During the development phase, no significant decrease in CO, emissions was observed. While
the Maritime 5G solution may contribute to future emission reductions, this was not within the
main scope of the pilot.
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Economic

The implementation costs of this demonstration are 37,720 EUR, with an annual maintenance cost
of 7,030 EUR.

4.4.5.4 - Reflection of the demo leader

The expected environmental benefits (e.g. 3% reduction in maritime emissions) were not fully
measurable during the pilot phase, as the main focus was on improving real-time vessel tracking
and operational safety. The system demonstrated high accuracy in detecting and geolocating
over 25 vessels simultaneously, including small crafts without AIS or RADAR visibility. The
average positioning error remained below 2%, even at distances of up to 1,000 meters. However,
the short duration of the monitoring campaign and the absence of direct integration with emission
tracking tools limited the quantification of environmental KPlIs.

The pilot faced challenges such as camera synchronization, sun reflections, and the novelty of
5G routers, which were mitigated through strong collaboration with technology providers.
Despite this, the system proved scalable, with no added latency from 5G compared to fibre. The
pilot also laid the groundwork for future use cases, including integration with Digital Twin
platforms, emergency response, and environmental monitoring.

Overall, the demo validated the feasibility of Al and 5G-based vessel tracking in a complex port
environment and is expected to contribute to process optimization, safety, and sustainability in
future deployments.

4.4.6 - Container Transport Forecast

4.4.6.1 - Demonstration scope and purpose

This demonstration develops a Container Transport Forecast to improve truck planning and
prioritisation, particularly for small and medium-sized transport companies. Using machine
learning applied to inbound and outbound PCS data, the solution predicts outbound truck
movements at the Port of Barcelona. Once validated, the tool can be easily transferred to other
ports in the consortium, supporting more efficient and reliable container transport operations.

4.4.6.2 - Expected impact as mentioned in the Grant Agreement (DOA, Annex 1 - Part B,
p. 28-29)
This demonstration was not included in the Expected impacts of the Grand Agreement.

4.4.6.3 - Measured impact with the Pioneers Assessment Model (PAM)

This demonstration was not deployed in a full production environment; therefore, no quantitative
performance data could be generated. A one-week testing phase was conducted, which showed
that total driving time and distance improved slightly when the algorithm was applied. It should
be noted that in this test scenario, all transport orders were assigned individually, without
concatenation. As a result, these KPIs can only be further enhanced by minimising routes across
terminals and depots.
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Social
For a qualitative analysis of this demonstration, refer to D3.9 5.6.3 Lessons Learned and Best
Practices.

Economic

The effort in terms of development and testing was mainly focused in Mosaic Factor and Portic
(managing the PCS of Port of Barcelona), while the effort for the truck company was limited to
few focused meeting and two rounds of testing with the Mosaic Factor team on site to follow the
real time operations and reduce the impact in terms of time on a team performing real operations.

4.4.6.4 - Reflection of the demo leader

There seems to be a high potential for these types of tools for SME operating in the ports (a large
majority of operators in Europe) that cannot afford a more complex solution. Further tests should
be carried out with a few different companies in order to better define requirements and better
identify the target companies benefiting the most from it. For this, other funding opportunities
have been explored, but the identified instruments were not suitable for SMEs. Portic is currently
considering the possibility of offering the developed service commercially in case the
commercial tests confirm the expected potential. Mosaic Factor is considering partnering with
companies more consolidated in the specific market.
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5 - Conclusion
5.1 - General Findings

The quantification of the PIONEERS demonstrations using the PIONEERS Assessment Model
(PAM) confirms that European ports can achieve measurable progress toward decarbonisation
and operational sustainability, while also highlighting the challenges of deploying innovative
solutions in complex port ecosystems.

In most cases, the measured impacts (CO: reductions and financial viability) are lower than the
Expected Impacts defined in the Grant Agreement. This gap reflects the pioneering nature of the
technologies, the evolving scope of demonstrations, and the real-world barriers encountered
during implementation. Nevertheless, the demonstrations have generated crucial practical
insights into the applicability of clean energy, sustainable design, modal shift, and digital
transformation in ports.

Several key findings emerge across the portfolio:

e Quantitative and qualitative impacts are complementary: some demonstrations achieved
measurable CO; or cost benefits, while others primarily influenced planning, stakeholder
behaviour, or long-term strategy.

e Economic viability varies strongly: a few technologies show positive returns or clear
potential with scaling, while others currently face high CAPEX or market immaturity.

e Stakeholder engagement is decisive: cooperation between port authorities, operators,
regulators, and end-users often determines the feasibility of implementation.

o Digital tools act as enablers: even when immediate CO: reductions were limited, digital
solutions improved transparency, coordination, and efficiency, laying the groundwork for
future impact.

These lessons reinforce that PIONEERS is not only about numbers, but about building the
knowledge base and collaborative structures required for ports to transition toward sustainability.

5.2 - Findings by Pillar
5.2.1 - Clean Energy Production, Storage & Supply

The clean energy demonstrations show clear environmental potential, though economic viability
remains context dependent. Technologies such as battery energy storage with EMS
demonstrated tangible CO; reductions and operational efficiency, while hydrogen infrastructure
and renewable pilots highlighted regulatory and scaling challenges. Overall, clean energy is
essential to port decarbonisation, but requires supportive infrastructure, stable markets, and
enabling regulation to fully deliver on its promise.

These results are in line with the EU Port Strategy recommendations to empower ports to act as
energy managers, able to generate, store, and trade renewable energy, supported by adapted
fiscal and regulatory frameworks.
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5.2.2 - Sustainable Port Design

Demonstrations under this pillar confirm the feasibility of circular and low-emission infrastructure
and equipment. Projects such as local resource recovery for concrete delivered strong results,
showing significant COz savings when applied at scale. Hydrogen and electric equipment pilots
validated technical feasibility but underscored barriers such as high upfront costs and grid
capacity limitations. The conclusion is that sustainable design works, but scaling depends on
ecosystem readiness and financial incentives.

This reflects the EU Port Strategy's call for dedicated Green Ports funding to de-risk large-scale
investments and accelerate the uptake of circular construction and zero-emission equipment.

5.2.3 - Modal Shift & Flows Optimisation

The demonstrations of this pillar prove both the potential and complexity of behavioural change
in mobility. Large-scale logistics optimisation projects reduced truck kilometres and emissions,
proving the benefits of digital coordination and multimodal planning. In contrast, initiatives
targeting employee commuting and cruise passenger mobility struggled to meet ambitious CO»
targets, reflecting user preferences and contextual limitations. It should be noted that most of the
demonstrations within this pillar were carried out as simulations, meaning that outcomes are
based on sample data rather than full-scale real-life implementations. Nevertheless, these
demonstrations still provide valuable insights for policy and planning, confirming that effective
modal shift requires a mix of infrastructure, incentives, and behavioural measures.

5.2.4 - Digital Transformation

Digital demonstrations highlight the role of data and automation as cross-cutting enablers. While
some (e.g. automated shuttles, traffic optimisation tools) showed measurable CO. and cost
benefits, others (e.g. digital twins, predictive models, 5G pilots) were still at proof-of-concept
stage and did not yet yield quantifiable results. For many of these demonstrations, quantifiable
results will never be an option as they influence decision-making. These projects remain critical,
as they improve decision-making, reduce inefficiencies, and prepare ground for future large-
scale sustainability gains.

5.3 - Fit with the Green Port Master Plan

The findings of Deliverable 9.4 directly feed into the Green Port Master Plan (GPMP), which serves
as a roadmap for ports to become sustainable and ultimately carbon neutral. The GPMP
integrates the results of individual demos into a long-term strategy that balances technology
deployment, infrastructure investment, policy development, and workforce adaptation.

e Clean energy demos guide the GPMP in setting priorities for renewable integration,
hydrogen deployment, and energy storage.

e Sustainable port design provides practical pathways for circular construction and zero-
emission equipment, highlighting the enabling conditions that must be addressed.

e Modal shift results clarify the importance of multimodal connectivity and behavioural
incentives, informing policy measures to reduce road dependence.
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e Digital transformation demonstrates that ports need robust digital infrastructure and
governance frameworks to integrate all sustainability measures effectively.

Together, the pillars illustrate that ports cannot achieve climate neutrality through isolated
actions. Instead, the GPMP ensures that innovations are embedded in a comprehensive roadmap,
aligning short-term pilots with long-term transformation goals.

The following deliverables concerning the GPMP will be published in February 2026:

e D2.8: GPMP + Roadmap Port of Antwerp-Bruges
e D2.10: GPMP + Roadmap Port of Barcelona

e D212: GPMP + Roadmap Port of Constanza

e D2.14: GPMP + Roadmap Port of Venlo

54 - Policy Recommendations and Implementation
Priorities

Building on the findings, several priorities emerge for policymakers and port authorities:
Short-term (immediate actions):

e Establish funding mechanisms and incentives for sustainable port infrastructure.

e Create regulatory sandboxes to test emerging technologies under real-world conditions.
e Develop harmonised European standards for hydrogen, electrification, and digital tools.
e Level the economic playing field for emerging technologies with existing technologies.

Medium-term (by 2030):

e Support workforce reskilling and transition programmes linked to automation and
digitalisation.

e Invest in integrated planning frameworks connecting ports with urban and hinterland
networks.

e Implement performance monitoring systems to track CO., cost, and social impacts.

e Create dedicated Green Ports funding to de-risk large-scale investments in green port
infrastructure.

Long-term (toward 2050):

e Coordinate European port networks to avoid fragmentation and promote interoperability.

e Build standardised data-sharing platforms enabling seamless digital collaboration.

e Strengthen international cooperation to export European best practices and technologies.

e Support cross-border coordination of energy systems and harmonise regulations for
transporting diverse energy carriers, optimising efficiency and resilience of green energy
use in ports.
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5.5 - Final Reflection

The PIONEERS demonstrations confirm that European ports can lead the sustainable transition,
provided that technological, regulatory, and social dimensions are advanced in parallel.
Quantitative evidence from PAM, combined with qualitative insights from Deliverable 3.9,
provides a solid foundation for the Green Port Master Plan as a roadmap to climate-neutral ports.

Realising this vision will require continued innovation, policy adaptation, and multi-stakeholder
collaboration. The legacy of PIONEERS lies not only in the technologies demonstrated, but in the
frameworks and partnerships it has created, building the pathway toward ports that are
sustainable, competitive, and globally leading.
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6 - Annexes

INTEGRATED GREEN HYDROPOWER PLATFORM FOR PORT INFRASTRUCTURE

1) Output Economic
Delta operational costs (-/+) | €  -2.166,40 | EUR/year Generalized costs (EUR) €1.049.785,60 [EUR
Cost of grid energy € 230,00 | EUR/Mwh Return On Investment (ROI) 1,02%|Rol
cost of energy demo | € 165,92 | EUR/Mwh Investment €1.061.000,00 [EUR
st of energy € -64,08 | EUR/Mwh Delta costs € -2.166,40 |EUR/year
Maintenance costs € 35.000,00 | EUR/year
Development cost € 151.000,00 | EUR Output Social
cost € 870.000,00 | EUR/turbine Delta external costs
Short to medium run (-2030) l]EUE’tCQveT € -9.048,00 EUR/year
2) Input Social Long run (2040-2060) (269€/tC0ze) € -24.339,12 |EUR/year
Energy split 34,52% 65,48%|% Delta installed energy capacity 0,18(Mwe
Energy produced annually Mwh/year Delta carbon footprint ED,:EIEM CO2/year
Energy required from the grid 1100 Muwh/year
Delta installed energy capacit 018 Mwe Investment -€ 1.061.000,00) NPV IRR
Year 1 -€1.058.833,60
Year 2 € 2.166,40
Energy efficiency 85-97 % Year 3 € 2.166,40
Carbon intensity electricity 156000 |g CO2/Mwh Year 4 € 2.166,40
Year 5 €2.166,40 €-1.034.959,07| 77%)
Current year 2024 Year 6 € 2.166,40
NPV year 2030 -€1.031.025,83 Year 7 €2.166,40
NPV year 2050 -€1.000.433,23 Year 8 € 2.166,40
IRR year 2030 -69% Year 9 € 2.166,40
IRR year 2050 -17% Year 10 €2.166,40 €-1.025.341,26[  #GETAL!
Year 11 € 2.166,40
Investment horizon 15 Year 12 € 2.166,40
NPV investment harizon -€1.016.413,42 Year 13 € 2.166,40
IRR investment horizon -30% Year 14 € 2.166,40
Year 15 €2.166,40 €-1.016.413,42| -30%|
Year 16 € 2.166,40
Year 17 € 2.166,40
Year 18 € 2.166,40
|Year 19 € 2.166,40
|Year 20 €2.166,40 €-1.008.126,06| -22%|
Year 21 € 2.166,40
Year 22 € 2.166,40
Year 23 € 2.166,40
Year 24 € 2.166,40
[Year 25 €2.166,40 €-1.000.433,23] -17%|

A CORRIDOR OF MODULAR DOCKING STATIONS FOR ENERGY CONTAINERS

1) input economic Output Economic
Total Cost of Ownership € 1.501.191,00 |EUR/vessel Delta generalized costs (EUR) €-628.915,88(EUR
Battery container cost € 1.150.000,00 | EUR/battery container Return On Investment (ROI) 5,40%|%
Avoided fuel cost € 4.593.205,50 | EUR/vessel Investment £4.440.000,00 [EUR
Cost of electricity € 3.874.396,50 | EUR/vessel Delta costs € -47.920,60 |EUR/year
Ship retrofitting cost € 800.000,00 | EUR/vessel |storage capacity 2,6nwh
 Terminal infrasturcture investment € 30.000,00 | EUR/charging station
Charging stations implemented 3|# Output Social
|storage capacity 2,6] Mwh Delta external costs
Short to medium run (-2030) (100&/tC0¢) |€ 12578317 |EUR/year
2) Input Social Long run (2040-2060) (269€/tCOe) € 338.356,72 |EUR/year
Energy split Delta carbon footprint 1257,33166|ton CO2/year
Green energy 772,5|MwWh/year
Grey energy o|mwh/year Investment -€ 4.440.000,00 NPV IRR
| Avoided diesel consumption per ship (-) 235549(I/year/vessel vear 1 -€ 4.392.079,40
Delta noise level on board DB vear 2 €47.920,60
vear 3 €47.920,60
vear 4 € 47.920,60
Carbon footprint Diesel kg CO2/l diesel vear 5 € 47.920,60 €-4.145.197,02 -64%
Carbon intensity energy Belgium 2022 kg CO2/Kwh vear 6 € 47.920,60
Diesel cost EUR/liter Year 7 €47.920,60
Electricity cost green energy EUR/MWh vear 8 €47.920,60
Electricity cost grid energy EUR/Kwh vear 9 € 47.920,60
Life cycle vessel 30|year vear 10 €47.920,60 €-3.932.451,62 -31%
Number of battery containers per vessel 1|Battery container(s)/vessel Year 11 € 47.920,60
|Number of vessels 2% vear 12 €47.920,60
vear 13 € 47.920,60
Current year 2025] vear 14 €47.920,60
NPV year 2030 [-€4.101371,61 vear 15 €47.920,60 €-3.734.968,50} -19%
NPV year 2050 - 3.381.488,04 vear 16 €47.920,60
IRR year 2030 -64% vear 17 €47.920,60
IRR year 2050 5% vear 18 €47.920,60
vear 19 € 47.920,60
Investment horizon 27 vear 20 € 47.920,60 €-3.551.652,76 -12%
NPV investment horizon -€ 3.316.890,77 vear 21 €47.920,60
IRR investment horizon |-8% vear 22 € 47.920,60
vear 23 € 47.920,60
vear 24 €47.920,60
vear 25 €47.920,60 €-3.381.488,04] -9%|
vear 26 €47.920,60
vear 27 €47.920,60
vear 28 € 47.920,60
vear 29 €47.920,60
vear 30 € 47.920,60 €-3.223.530,87 -6%)
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BATTERY STORAGE AND SMART MANAGEMENT OF GREEN ENERGY

OPERATIONS

1) Input [output i
Delta cost of energy wind € -31,42 [EUR/MWh Generalized costs (EUR) £1.368.665,32 |EUR
Delta cost of energy Solar € -94,76 |EUR/MWh Return On Investment (ROI) 3,81%(ROI
Grid energy € 125,79 | EUR/MWh Investment £1.469.160,00 [EUR
Green energy Delta costs € -11.193,82 [FUR/year
solar € 31,03 | EUR/MWh
Wind € 94,37 | EUR/MWh Output Social
Development costs €1.445.960,00 | EUR Delta external costs
costs € 15.200,00 | EUR Short to medium run (-2030) (100€/tC0ze) e -5.049,38 [EUR/year
Long run (2040-2060) (26 <) € -13.582,82 [EUR/year
2) Input Social Delta carbon intensity -50,493768ton CO2fyear
Delta grid energy use -54,17%|%
Delta accumulated active energy utilisation (battery) 323,678|Mwh/year
Delta Wind energy 307,4941Mwh/year Investment €11.193,82 NPV IRR
Delta Solar energy 16,1839| Mwh /year Year 1 -€1.457.966,18
Year 2 €11.193,82
[ Sswmpios ] vear 2 €11153,82
Carbon intensity Belgium energy 2022 0,16[ton CO2/MWh Year 4 €11.193,82
Delta number of charging points monitored ol# Year 5 €11.193,82 €-1.393.912,20| -67%
Number of RES monitored 2# Year 6 €11.193,82
Percentage wind 95%|% Year 7 €11.193,82
Percentage solar 5%]|% Year 8 €11.193,82
Year 9 €11.193,82
Current year 2025 Year 10 €11.193,82 €-1.344.216,79| -35%|
NPV year 2030 -€ 1.383.674,98 Year 11 €11.193,82
NPV year 2050 -€1.215.516,66 Year 12 €11.193,82
IRR year 2030 -67% Year 13 €11.193,82
IRR year 2050 -11% Year 14 €11.193,82
Year 15 €11.193,82 €-1.298.086,51| -21%
Investment horizon 10 Year 16 €11.193,82
NPV investment horizon -€1.334.713,99 Year 17 €11.193,82
IRR investment horizon -35% Year 18 €11.193,82
Year 19 €11.193,82
Year 20 €11.193,82 |€-1.255.265,61| -15%)
Year 21 €11.193,82
Year 22 €11.193,82
Year 23 €11.193,82
Year 24 €11.193,82
Year 25 €11.1593,82 |€-1.215.516,66| -11%|

LOCAL RESOURCE RECOVERY FOR GREEN CIRCULAR CONCRETE

IN  TERMINAL

Cost of plasticizer 1 EUR/m3

Carbaon footprint shipment |12 ton CO2/shipment
Average load shipment 1500 m3/shipment
Load capacity truck 16 ton/truck
Loadfactor sail 2 ton/m3

Average kilometer truck poal{16,22 km

Emissions per tonkm 0,171 kg/tkm

Empty weight > 20 ton truck |15 ton/truck
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1) Input economic Output Economic
Delta transport costs -317887,5|EUR/project Delta generalized costs (EUR]) €-1.201.357,17|EUR
Delta cost of landfill -300000| EUR/project Return On Investment (ROI) 316%|ROI project
Cost of landfi 10| EUR/m3 Investment costs (EUR) £ 370.000,00 |EUR/project
Landfill aveided 30000| m3 Delta costs €-1.169.783,38 |EUR/project
Delta cost primary material -581895,88| EUR/project
Development cost 370000| EUR Output Secial
Delta external costs

2) Input Social Short to medium run {-2030) :1CCI€,-"tCC|_a:: € -82.678,65 |[EUR/project
Shipment reduction 20,051#/;: roject Long run {2040-2060) (269€/tC0O:¢) € -222.405,57 |EUR/project
Avoided truck transports 12500 #/project Delta carbon footprint -826,7865 |ton CO2/project
Total material requirement 100000 m3/project
Secondary material 30%|% Investment -€ 370.000,00 NPV
Primary material T0%| % Year 1 € 799.783,38 £ 787.963,92
Local material reuse 30000|m3
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HYDROGEN HEATING FOR BUILDINGS

1) Input economic [Output Economic
Delta OPEX of heating €19.321,81|EUR/year Generalized costs (EUR) €-365.118,26 |EUR
Maintenance cost £12.500,00| EUR/year Return On Investment (ROI) -34,40%|ROI
Delta cost of natural gas -€£4.072,33 EUR,"year Investment costs € 280.862,18(EUR
Cost of water £110,79| EUR/year Delta costs € 19.321,81|EUR/year
Delta water consumption 23,2| m3/year Delta cost of heating € 19.321,81|EUR/year
Cost of electricity £10.760,15| EUR/year
Electricity cost grid £8.15479| EUR/year Output Social
Electricity c € 260535 EUR/year Delta external costs
Development and implementation costs G 280.862,18| EUR Short to medium run (-2030) (100£/1COze) Te -800,53 |[EUR/year
Long run (2040-2060) (269€/4C0se) € -2.153,41 EURfy'QaI’
2) Input Social Delta carbon footprint -8,00526012|ton CO2/year
Delta natural gas consumption -6614,14| m¥year
Hydrogen consumption 2091 |kg/year Investment -£ 280.862,18, NPV IRR
Total energy requirement 119,8|MWh/year Year 1 -€300.183,99
Green energy production 83,86 MWh/year Year 2 -€19.321,81
Grid energy usage 35,94 Mwh,fyear Year 3 -€19.321,81
Year 4 -€19.321,81
Year 5 -€19.321,81 €-369.120,89 r HGETAL!
Energy density hydrogen 33,34|KWh/kg Year 6 -£19.321,81
Energy density natural gas 10,54|kwh/m32 Year 7 -€19.321,81
carbon intensity energy Belgium 2022 7 156|kg CO2/MWh Year 8 -€£19.321,81
Carbon intensity natural gas 2,058|kg CO2/m3 Year 9 -€19.321,81
Cost of electricity per kg hydrogen grid 13|EUR/kg hydrogen Year 10 -€19.321,81 € -454,900,85 I #GETAL!
Cost of electricity per kg hydrogen PV 1,78|EUR/kg hydrogen Year 11 -£19.321,81
Cost of natural gas per m3 0,6157|EUR/m3 Year 12 -€19.321,81
Cost of water per m3 4,7756|EUR/m3 Year 13 -€19.321,81
Electricity split grid 30%|% Year 14 -€19.321,81
Electricity split PV 70%|% Year 15 -€19.321,81 €-534.526,98 [ scETAL!
Year 16 -€19.321,81
Current year 2024 Year 17 -€19.321,81
NPV year 2030 -€ 404.200,97 Year 18 -€19.321,81
NPV year 2050 -€ 677.051,99 Year 19 -€19.321,81
IRR year 2030 ;}GETAL! Year 20 -€19.321,81 € -608.440,76 r HGETAL!
IRR year 2050 [rGETAL! Year 21 -€19.321,81
Year 22 -€19.321,81
Investment horizon 6 Year 23 -€19.321,81
MNPV investment horizon -€ 404.200,97 Year 24 -€ 19.321,81
IRR investment horizon EGETAL! Year 25 -€19.321,81 € -677.051,99 ar]
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GREEN STRADDLE CARRIERS

1) Input economic

Straddle carriers 3|Number
Delta Refueling time 10| Min/shift
Delta OPEX £ 53.617,83 | EUR/5C/year
Delta maintenance cost £ 11.617,83 EURfSC/\fear
Delta fuel cost per 5C £ 42.000,00 EURfSC/\fear

Delta total diesel expenszes £ -70.000,00 EURfSC/\fear

Delta total hydrogen expenses £ 112.000,00 EURfSC/\fear
Development costs € 750.000,00 | EUR
Straddle carrier installation cost £ 150.000,00 | EUR/SC

2) Input Social

Total diesel consumption 100000| L/sC/year

-70.000,00|L/5C/year
22.400,00|kg/5C/year

Delta diesel consumption
Delta hydrogen consumption

Diesel cost 1,00|EUR/litre
Hydrogen cost S|EUR/kg
Carbon footprint diesel 2,67|kg co2/| diesel

Hydrogen to diesel parity 0,32 KG/L

Carbon intensity hydrogen 0,00|gr CO2/kg

Delta terminal performance 0| TEU/hr/strad. Carr.
Fuel split

Hydrogen T0%| %

Diesel 30%|%

Current year 2024

NPV year 2030
NPV year 2050

-€ 1.536.047,35
-€ 2.329.614,28

IRR year 2030 #GETAL!
IRR year 2050 #GETAL!

" = |
Investment horizon 10

NPV investment horizon
IRR investment horizon

-€ 2.329.614,28
#GETAL!

Qutput Economic

Generalized costs (EUR) €-1.158.351,07 |[EUR
Turnover -2%|%
Return On Investment (ROI) -22,3408%|ROI
Investment (EUR) €1.200.000,00 |EUR
Delta operational time (min) -30(Min/day
On terminal/ 5C -30|Min/day
Delta costs £ 53.617,83 EUR)’year
Output Social
Delta external costs
Short to medium run {-2030) {100€/tC0ze) 9 € -56.070,00 EUR;"yEar
Long run (2040-2060) (263€/tC0xe) € -150.828,30 |EUR/year
Delta carbon footprint -560,7 ton CO2/year
Years Cashflow NPV IRR
Year1 -€£1.253.617,83
Year 2 -£53.617,83
Year 3 -£53.617,83
Year 4 -£53.617,83
Year 5 -£53.617,83 €-1.438.701,07 '#GEI'AL'.
Year 6 -£53.617,83
Year7 -£53.617,83
Year 8 -£53.617,83
Year 9 -£53.617,83
Year 10 -£53.617,83 € -1.676.739,56 '#GEI'AL'.
Year 11 -£53.617,83
Year 12 -£53.617,83
Year 13 -£53.617,83
Year 14 -£53.617,83
Year 15 -£53.617,83 € -1.897.701,25 ’#GEI'AL'.
Year 16 -£53.617,83
Year 17 -£53.617,83
Year 18 -£53.617,83
Year 19 -£53.617,83
Year 20 -£53.617,83 €-2.102.811,22 ’#GEI'AL'.
Year 21 -£53.617,83
Year 22 -£53.617,83
Year 23 -£53.617,83
Year 24 -£53.617,83
Year 25 -£53.617,83 € -2.293.206,67 ’#GI:—I'AU.
Year 26 -£53.617,83
Year 27 -£53.617,83
Year 28 -£53.617,83
Year 29 -£53.617,83
Year 30 -£53.617,83 € -2.465.943,21 ’#GI:—I'AU.
b4
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NEERS

GREEN LAST MILE - ELECTRIC TERMINAL TRACTORS

1) Input economic Output Economic
Total Cost of Ownership (Electric) (& years) € 403.685,53 [EUR Generalized costs (EUR) €-228.695,07 |EUR
Investment € 255.681,00 | EUR Return On Investment (ROI) 10,82%|ROI
Active hours per year 1375| Hrs/year Investment (EUR) £€295.681,00 [EUR
Energy consumption Delta costs € -6.400,75 EUR;’year
Electricity €  6.153,13] EUR/year
Insurance € 3.579,53| EUR Output Social
Maintenance £ 2.750,00 | EUR/year Delta external costs
Perimeter cost € 137500 | EUR/year Short to medium run {-2030} :1cac,ftco;e':' € -2.174,91 |EUR/year
Repair costs £ 2.775,00 | EUR/year Long run (2040-2060) (269€/1C0:¢) €  -5.850,50 |EUR/year
Charger cost €  40.000,00 | EUR Delta carbon footprint € -21,75 |ton CO2/year
Total Cost of Ownership (Diesel) (8 years) € 288.792,52 |[EUR
Investment € 131.323,00 | EUR Years Cashflow NPV IRR
Active hours per year 1375 Hrs,’year Year 1 -£285.280,25
Energy consumption Year 2 € 6.400,75
Diesel € 12‘4\58,88‘ EUR,"year Year 3 € 6.400,75
Insurance € 1.838,52 | EUR Year 4 € 6.400,75
Maintenance €  3.025,00 | EUR/year Year 5 € 6.400,75 £ -260.698,82 -56%|
Perimeter cost £ 1.375,00 EURfyaar Year 6 € 6.400,75
Repair costs £ 2.595,00 | EUR/year Year 7 € 6.400,75
Charger cost 0| EUR Year 8 € 6.400,75
Mumber of Charging points installed € - | # Year 9 € 6.400,75
Delta total Cost of Ownership € 114.893,01 | EUR Year 10 € 6.400,75 €-232.282,43 -24%
Year 11 € 6.400,75
2) Input Social Year 12 € 6.400,75
Delta diesel consumption -9.583,75|l/year Year 13 € 6.400,75
Delta energy consumption 24612,5|KWh/year Year 14 € 6.400,75
Number of renewable RES monitored 1,004 Year 15 € 6.400,75 € -205.904,63 -13%
Year 16 € 6.400,75
[s ) Assumptions N ] |vear 17 € 6.400,75
Diesel cost 1,30|EUR/litre Year 18 € 6.400,75
Carbon footprint diesel 2,67|kg co2/| diesel Year 19 € 6.400,75
Diesel consumption per hour 6,97|1/hour Year 20 € 6.400,75 €-186.171,53 -7%|
kWh consumption per hour 17,90|kWh/hour Year 21 € 6.400,75
electricity cost per hour 0,25|EUR/KWh Year 22 € 6.400,75
Carbon footprint electricity 0,156 kg/kWh Year 23 € 6.400,75
Year 24 € 6.400,75
Year 25 € 6.400,75
Year 26 € 6.400,75
DIGITAL RAIL PLATFORM
1) Input economic Output Economic
Shunting cap. Utilization 30|Percentage Generalized costs (EUR) £ 2.751.355,54 [EUR
Delta number of containers/ wagons at shunting yard 1920|wagons/year Investment (EUR) 2800000(EUR
Delta turnaround time (wagons ) 147/ hrs(/wagon) Cost saving -0,00086|%
Delta average duration standstill -2| Percentage
‘Wagon frequency 281500| #/year |Output Social
Development costs €2.600.000,00 |EUR |Della external costs £ -9.728,89 [Euros
Implementation cost € 200.000,00 |EUR N
2) Input Social
Delta modal split/ shift:
Delta rail utilisation (%) 0,0001342|%
Delta road utilisation -0,00001892|%
Delta IWT utilisation -0,00003956|%
[ SAsumptions ]
External costs Road 0,56|EUR/tkm
External costs Rail 0,09625|EUR/tkm
External cost IWT 0,20|EUR/tkm
Average distance covered by wagon in port km
Average distance truck in port 16,04|km
Average distance rail in port 14,85|km
Average distance IWT in port 16,22|km
Meodal split in tons (2024) Road 44253000(tons
Modal split in tons (2024) Rail 5181000|tons
Modal split in tons (2024) IWT 25398000|tons
# of tonkm Road (2024) 710656578 Tonkm
# of tonkm Rail (2024) 76920580(Tonkm
# of tonkm IWT (2024) 412012000|Tonkm
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PIONEERS

MODAL SHIFT IN THE COMMUTE OF PORT EMPLOYEES

1) Input economic

Participation cost companies 5302,22| EUR/project
Modal shift

Bike -1,53| %

Public trans -2,85|%

Car 4,38|%

2) Input Social

Companies involved 5|Number
Employees involved 5352|Number
Delta carbon footprint project 770,2|Ton CO2/project/year

Output Economic

Generalized costs (EUR)

€ 350.402,22

EUR

Investment

5302,22[EUR

Qutput Social

Delta external costs

Short to medium run {-20

Long run {2040-2060) (26

.2) | €  77.020,00 |EUR/year
2€) € 207.183,80 |EUR/year

Delta carbon footprint

770,2

ton CO2/year

MULTIMODAL ACCESS FOR END-USERS USING MAAS AGGREGATOR PLATFORM

1) Input economic

Qutput Economic

Delta public transport use 150000| # passengers/year
Number of services booked via Maas 8000| #/year
Development costs 85000 EUR
Implementation costs 20000| EUR

Marketing cost 30000| EUR/year
Maintenance costs 15000| EUR/year
Revenue 12500| EUR/year

Generalized costs (EUR)

£

296.384,24 |[EUR

Return On Investment (ROI) -72%|ROI
Investment 105000|EUR
Delta costs 32500|EUR/year

Output Social

Delta external costs

Short to medium run

7.500,00 |[EUR/year

2) Input Social Long run 2060) [269€/t € 20.175,00 |[EUR/year
Delta emissions per passenger 0,5 | kg CO2/passenger Delta carbon footprint ?51 ton CO2/year
AUTOMATED CONTAINER SHUTTLE SOLUTIONS FOR PORT OPERATIONS
1) Input economic Qutput Economic
Delta transfer time 20(Minftrip Generalized costs (EUR) € 2.317.420,06(EUR
Container handling capacity 40| Container/AGV/day Turnover EUR
Delta OPEX -427411,0895| EUR/year Return On Investment (ROI) 47,49%|[ROI
Maintenan 2000 EUR/AGV/year Investment £ 4,500,000,00 [EUR
-7000| EUR/diesel truck/year Delta Costs £ -427.411,09 |EUR/year
57000 EUR/diesel truck/year Delta transfer time 20{min/trip
-112625,0298( EUR/AGV/year
-20002| EUR/AGV/year Output Social
94390( EUR/AGV/year Delta external costs
1500000 EUR/shuttle -14.384,40 [EUR/year
Long run (20 0) € -38.694,02 |EUR/year
2) Input Social Delta carbon footprint -143,8439502 [ton CO2/year
Fuel savings 1,23|Liter/container Total energy consumed 130083,3333|Kwh/year
Total Electricity consumption: 3,5‘ Kwh/container Green energy 32,20%|Percentage
Green energy 1,12? Kwh/container Grey energy 67,80%|Percentage
Gre 2,375 Kwh/container
Investment -£ 4.500.000,00 NPV IRR
EIM Year 1 -€4.072.588,91
Carbon footprint Diesel 2,67 |kg CO2/liter Year 2 € 427.411,09
Carbon intensity Belgium energy 2022 b 0,16|kg CO2/kwh Year 3 €427.411,09
Fuel cost per container 1,37| EUR/container Year 4 € 427.411,08
Electricity cost per container 0,65| EUR/container Year 5 €427.411,08 €-2.3859.342,04 -28%
Number of containers transported Diesel truck] 37166,6666? Containers/year/DieselT. Year 6 €427.411,09
Number of containers transported AGV 14600|Containers/year/AGY Year 7 € 427.411,09
Number of AGVs per diesel truck 2,5456621|# Year 8 € 427.411,09
Number of AGVs implemented 3|# Year 9 €427.411,09
Number of diesel trucks substituted 1 Year 10 €427.411,09 £-491.833,59 -1%
Year 11 €427.411,09
Current year 2025 Year 12 €427.411,08
NPV year 2030 -€£1.998.456,56 Year 13 €427.411,09
NPV year 2050 € 4.422.294,00 Year 14 €427.411,09
IRR year 2030 -28% Year 15 €427.411,08 £1.269.548,22 6%
IRR year 2050 9% Year 16 €427.411,08
Year 17 €427.411,09
Investment horizon 20 Year 18 €427.411,08
NPV investment horizon €3.217.219,41 Year 19 €427.411,08
IRR investment horizon 8% Year 20 € 427.411,09 €2.904.569,07 8%
Year 21 €427.411,08
Year 22 €427.411,09
Year 23 €427.411,08
Year 24 €427.411,09
Year 25 €427.411,08 €7.338.066,61 '#GETAL‘.
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PIONEERS

AUTOMATED VESSELS

1) Input economic

Qutput Economic

Vessels remotely controlled 1|# Generalized costs (EUR) €-214.043,57|EUR
Delta vessel operation revenu £ -72.800,00 | EUR/vessel/year Turnover / EUR
Delta cr ts € -323.000,00 | EUR/vessel/year Return On Investment (RO Year 5) 265%|ROI
Delta ship crew -3 # Investment (EUR) €137.500,00 |EUR
Delta supporting crew 2| # Delta Costs (EUR) € -72.800,00 |EUR/year
Delta Maintenance costs £ —S.DOD,DO- EUR/vessel/year
Remote control operational costs € 25 3.200,00-‘ EUR/vessel/year Output Social
Installation cost per vessel £ 125.000,00 | EUR/vessel Delta external costs
Development costs £ 12.500,00 |EUR Short to medium run {-2030) {100€/tCO:e) h £ -267,00 |EUR/year
Long run {2040-2060) (269€/4C0:¢) £ -718,23 |[EUR/year
2) Input Secial Delta carbon footprint -2,67|ton CO2/year
Vessel energy use reduction 0,22%|Percentage
Delta fuel consumption 1000(1/vessel/year Investment -€ 137.500,00 NPV IRR
Number of safety incidents 0l# Year 1 -€ 64.700,00
Year 2 € 72.800,00
[ yAsswmpons ] vear3 €72.800,00
Emissions per liter Diesel 2,67|kg CO2/liter Year 4 £ 72.800,00
Cost of ship crew £ 75.000,00 [EUR/crew/year Year 5 € 72.800,00 €212.708,57 106%)|
Cost of supporting crew £ 45.000,00 |EUR/crew/year Year 6 € 72.800,00
Year 7 €72.800,00
Current year 2025 Year 8 € 72.800,00
MNPV year 2030 € 279.287,25 Year 9 €72.800,00
NPV year 2050 €1.114.408,92 Year 10 € 72.800,00 € 535.907,06 112%
IRR year 2030 106% Year 11 €72.800,00
IRR year 2050 113% Year 12 €72.800,00
Year 13 €72.800,00
Investment horizon 10 Year 14 € 72.800,00
MNPV investment horizon € 597.709,39 Year 15 €72.800,00 € 835.919,38 113%)
IRR investment horizon 112% Year 16 £ 72.800,00
Year 17 €72.800,00
Year 18 €72.800,00
Year 19 €72.800,00
Year 20 € 72.800,00 €1.114.408,92 113%)
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PIONEERS

VESSEL TRAFFIC OPTIMISATION

NPV year 2050
IRR year 2030
IRR year 2050

€19.912.567,59
48%
70%

Investment horizon
NPV investment horizon
IRR investment horizon

10
€ B.664.753,36
69%

1) Input economic Output Economic
Delta average travel time in port -0,12| hrs/ship Delta generalized costs (Year 5) € -9.006.593,69|EUR
Delta inbound travel time -0,06| hrs/ship Return On Investment (ROI Year 5) 205%|ROI
Delta cutbound travel time -0,02| hrs/ship Investment (EUR) 2750000(EUR
Delta time at berth 0| hrs/ship Throughput 0|%
Delta av. Lock waiting time -0,04| hrs/ship Time savings (hrs) 9
Delta vessel calls 0| %/year Container ships -555,96|hrs/year
Development and implementation cost 2750000|EUR non container ships -1119,36|hrs/year
2) Input Social Output Social
Delta average travel time in port -0,12|hrs/ship Delta external costs
Delta inbound travel time -0,06|hrs/ship Short to medium run (-2030) [100€/tC0Oze) e -1.262.906,52 |EUR/year
Delta cutbound travel time -0,02 |hrs/ship Long run {2040-2060) (269€/4C0:e) €-3.397.218,53 [EUR/year
Delta time at berth 0|hrs/ship Delta carbon footprint -12629,06518|ton CO2/year
Lock movements avoided 0|#/year
Investment -£€ 2.750.000,00 NPV IRR
Year 1 -€£ 1.620.620,60
Carbon intensity per lock movement 0,00/ kton CO2/movement Year 2 €1.129.379,40
Number of vessel calls at port (container) 4633 |# Year 3 €1.129.379,40
Number of vessel calls at port (non-container) 9328|# Year 4 €1.129.375,40
Bulk carrier 474 |# Year 5 €1.129.379,40 £ 2.692.061,10 59%
Liquid/ gas carrier 5302 |# Year 6 €1.129.375,40
RoRo 12824 Year7 €1.129.379,40
General cargo 2270(# Year 8 €1.129.379,40
Cost per hour Container ship 767 [EUR/hr Year9 € 1.129.379,40
Cost per hour non-container ship 628|EUR/hr Year 10 €1.129.379,40 € 7.705.985,65 69%
Emissions Source: EU MRV Year 11 € 1.129.379,40
Bulk carrier 591,16|kg COZ/nm Year 12 €1.129.375,40
Container ship 593,26|kg CO2/nm Year 13 €1.129.379,40
Liquid/ gas carrier 592,06/ kg COZ/nm Year 14 €1.129.379,40
RoRo 590,87 kg CO2/nm Year 15 €1.129.379,40 | €12.360.212,88 70%
General cargo 591,63 kg CO2/nm Year 16 € 1.129.379,40
Average speed: Source: 2023 Rep. From EC on CO2 emissions from mar transpert Year 17 £1.129.379,40
Bulk carrier 10,9 |nm/hour Year 18 €1.129.375,40
Containe p 13,2 [nm/hour Year 19 €1.129.375,40
Liquid/ gas carrier 12,9|nm/hour Year 20 €1.129.379,40 | € 16.680.547,36 70%
RoRo 14,4|nm/hour Year 21 €1.129.379,40
General cargo 10,8 nm/hour Year 22 €1.129.379,40
Year 23 €1.129.379,40
Current year 2026 Year 24 €1.125.375,40
NPV year 2030 € 2.692.061,10 Year 25 €1.129.379,40 € 15.389.906,57| '#GEI'AL!

MARITIME 5G FR INTELLIGENT VESSEL LOCATION

1) Input economic

Qutput Economic

Number of vessel calls at port (container)

Cost per hour Container ship
Cost per hour non-container ship

Number of vessel calls at port (non-container)

200 #
150 #
767 EUR/hr
628 EUR/hr

Delta time at port 0|hrs/Ship Generalized costs (EUR) €-63.858,45|EUR
Delta maneuvering time 0|hrs/Ship Return On Investment (ROI Year 5) -93,19%|ROI
Delta mooring time 0|hrs/Ship Investment (EUR) 37720(EUR
Delta waiting time outside port 0|hrs/Ship Time savings (hrs)
Maintenance cost 7030| EUR/year Container ships 0|hrs/year
Implementation costs 37720| EUR non container ships 0|hrs/year
Delta costs 7030|EUR/year
2) Input Social
Mooring/maneuvering time 0|hrs/Ship Output Social
Vessels in danger 0| #/year Delta external costs
Short to medium run (-2030) (100€/tC0ze) 7 € - EURJ"YF-‘ET'
[ Asumpfios Long run (2040-2060) (269€/C0e) € - |EUR/year

Delta carbon footprint

ton CO2/year
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