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Executive summary 
An extensive literature review was performed to assess the barriers and potential limitations of 
the different innovations related to PIONEERS, resulting in a long list of performance indicators 
that can appraise the extension of these barriers. In order to further specify the researched 
literature, a division in different levels of aggregation was specified into an indicator framework. 
The subsequent researched (performance) indicators and demo barriers give insights into an 
innovation's impact on the terminal and port environment(s) while representing the data 
needed to measure and quantify this impact. Additionally, expert interviews were held to 
validate the literature findings due to the specificity of the innovations. This validation took 
place via virtual meetings and resulted in adding or deleting indicators to compose a complete 
yet dense list of performance indicators. This framework will eventually be consulted with the 
completion of D9.3, either top-down, to get explanatory value as to why the strategic key 
performance indicators are affected or bottom-up, to measure the operational impact and 
correlating economic and social feasibility. 

Referring to the elaboration of the framework in D9.3 – the development of an 
assessment method – the performance indicators are divided into three levels – i.e., 1. Strategic 
performance indicators, 2. Tactical performance indicators, 3. Operational performance 
indicators. Each of these levels indicates a certain level of aggregation. The operational 
performance indicators are specific to a particular innovation and directly impact the latter. The 
tactical performance indicators are more aggregated and represent a culmination of the 
different operational performance metrics, allowing to measure the impact of co-transferability 
on the port environments. Lastly, the strategic performance indicators represent the highest 
level of aggregation and allow for a strategic comparison of investments between different 
innovations or a package of innovations. 

Further specifying the division between the performance indicators is the allocation 
between the business-economic and socio-economic sides. The business-economic 
performance indicators act on the monetary quantification of the innovations and induce, from 
an economic perspective, the primary prerequisite to invest. Alternatively, the socio-economic 
performance indicators represent the monetization of external costs. This division allows for a 
trade-off between an increase in external costs or an increase from a business perspective. An 
overview of this framework can be found in the results section of this deliverable.  
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1. Introduction 
The PIONEERS project brings together four ports with varying characteristics (e.g., 
demographics, spatial setting, port efficiency, level of emissions, port infrastructure, city 
transportation network and so forth), levels of innovation, digitalization and development, and 
governance models, all of which share a commitment to long-term Green Deal and socio-
economic goals (Blue Growth). Ports are adding to their traditional role as transportation and 
distribution centers by becoming energy hubs that promote collaboration, digitization, and 
innovation. This new role necessitates a mental shift on the part of ports and stakeholders: 
expansion must be sustainable, and sustainability is fast becoming an essential element in all 
port operations. PIONEERS ports are dedicated to taking the necessary actions to achieve 
carbon neutrality by 2050 and long-term growth through European and international 
partnerships. 
Within PIONEERS’ objective, it is crucial to understand the different pillars discussed and 
implemented throughout the project in defining the different performance indicators. 
Therefore, this report aims to inform the reader regarding the different innovations, hereby 
understanding the challenges and potential barriers that might occur during their 
implementation. Leading to the need for specific information translated into lower-level 
performance indicators, allowing for explanatory power for the top-tier key performance 
indicators. To get a first glimpse of what is essential for ports in terms of sustainability, one can 
look at the top ten environmental priorities posited by ESPO (Figure 1) (EcoPorts, 2020): 

Figure 1: Top ten environmental priorities of European ports – Source: (EcoPorts, 2020) 
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This report also investigates the different Social Development Goals (SDGs) that influence how 
companies operate – i.e., the decisions made, and the vision companies have toward the future. 
This vision allows for an objective external view of data needs independent of the PIONEERS' 
innovations. Nineteen innovations are categorized into four pillars: 1. Clean energy production 
and supply 2. Sustainable port design 3. Modal shift and flows optimization, and 4. Digital 
transformation – that contribute to the environmental priorities depicted in Figure 1. Figure 2 
resembles an overview of the different innovations implemented during the project scope.  

 
Figure 2: Overview innovations PIONEERS – Source: Own composition 
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Desk research will cover the sustainability trends and innovations surrounding the port (area), 
concluding with information that makes it possible to define an array of performance indicators 
that affect either the business-economic or socio-economic side of the investment. This 
distinction is made since investments are always revenue or cost-driven in some way (Prussi, 
Scarlat, Accario, & Kosmas, 2021) (Madrid-Guijarro, Garcia, & Van Auken, 2009). Nevertheless, 
the socio-economic side of the innovations/ investments should also be considered. These 
sorts of innovations are also called Eco-Innovation (EI), as defined by the European Commission 
(2012) - "Any innovation resulting in significant progress towards the goal of sustainable 
development, by reducing the impacts of our production modes on the environment, enhancing 
nature's resilience to environmental pressures, or achieving a more efficient and responsible use 
of natural resources". This report should thus also consider performance indicators that apply 
to this category, leading towards a win-win for (the economic) society. After the desk research, 
the identified indicators, correlating barriers, and information needs will be validated during 
expert meetings and interviews, exploring the preferences in the operational field - considering 
the needs of the different stakeholders that contributed to this report, eventually leading to a 
decisive group of performance indicators to assess innovation initiatives. 
 

1.1 Linked actions 
This deliverable represents a culmination of the state-of-the-art indicators that allow assessing 
different innovations within PIONEERS by examining the barriers and information needs. Added 
value will be generated with these insights in D9.3 Development of assessment method 
framework, D9.4 Quantification of the evaluation of the Lighthouse port innovations, and D9.5 
Quantification of the lighthouse port innovation in the fellow ports, respectively. The development 
of the assessment framework will build further on the researched performance indicators that 
will be utilized to assess the impact of the innovations in D9.4 and D9.5. Reviewing the input 
and the outcome within this deliverable, it is noteworthy that the demo Work Packages also 
become a linked action in the Project related to all the tasks active in Work Package 9. This 
review will help define the barriers and enablers for the different innovations to become more 
sustainable. An overview of the different linked actions can be found in Table 1:  
 
Table 1: Overview of linked actions – Source: Own composition 

Port Linked Action 
PoAB Onshore wind production (PoAB) 
PoB Hydrogen refueling infrastructure (PoB) 
PoB Battery Energy storage (PoB) 
PoAB NextGen District (PoAB) 
PoAB Zero pellet loss & plastic catcher (PoAB) 
PoAB Antwerp@C, partnership for CO2 capturing and utilization (PoAB) 
PoB Cargo Flow Prediction (PoB) 
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PoB Vessel traffic optimization (PoB) 
PoAB Multi-fuel port (PoAB) 
PoAB & PoB Zero emissions at berth (PoAB & PoB) 
PoAB Tugboats on H2 and methanol (PoAB) 
PoB Energy-efficient buildings (PoB) 
PoB Sustainable asphalt pavement (PoB) 
PoAB Power-to-methanol (PoAB) 
PoAB Steam and waste heat (PoAB) 

 

1.2 – Document structure  
Section 1 introduces the purpose and scope of the document, as well as the intended 
readership. Section 2 gives an insight in the methodology. Section 3 represents strategic desk 
research. Section 4 represents the tactical desk research. Section 5 represents the operational 
desk research, subdivided into pillars and individual demos. Section 6 – expert meetings and 
interviews – indicates an overview on the interviews that were held along with the respective 
spokesperson, demo, and demo-leader, giving insights into the additions made as a result of 
these meetings. Section 7 – the result section -states an overview of the validated list of 
indicators, both from the business economic and socio-economic points of view. Section 8 
accounts for the conclusion of the report.  

2. Methodology 
Based on the task description, this report utilizes a deductive literature review to get better 
insights into the performance metrics of the different PIONEERS innovations. In order to 
validate and adjust these indicators, inductive expert meetings and interviews were held with 
the involved demo leaders and experts in the related technologies. The meetings and 
interviews give clear insights from an operational point of view and allow more specific 
performance indicators not discussed in the available literature.  

Additionally, preparatory work was done for D9.3. The indicators developed utilizing the 
methods mentioned above are divided into three levels, each with its level of aggregation. The 
first level are the operational performance indicators that directly impact a specific innovation 
initiative. Secondly, the tactical performance indicators are the culmination of the impact of 
multiple innovation initiatives. The third level of aggregation represents the strategic 
performance indicators, giving insight into the strategic ambition specific to the investment. 

Consequently, the indicators were subdivided into two categories – i.e., the business-
economic and socio-economic side. The business-economic performance indicators represent 
the economic feasibility of the innovation, contrary to the socio-economic indicators that 
represent the external cost reduction or (augmentation) as a result of the implementation of 
the innovation(s).  All these performance indicators, already arranged by their respective levels 
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of aggregation, are listed in Tables 14-15 in the result section. This table will be utilized for the 
further development of D9.3 to construct a model for quantifying the results of the innovation 
demonstrations.  
Stating clearly that this is no standalone deliverable, one should consider Deliverables 9.2, 9.3, 
9.4, and 9.5 in the assessment. Continuing the work of D9.1, deliverable 9.3 will deepen the 
understanding of the individual indicators discovered and include causal relations between 
different levels of aggregation hereby taking into account port-specific conditions that might 
influence the implementation of the respective innovation(s). 
 

3. Strategic desk research 
First, this research will list Key Performance Indicators (KPIs) at the highest level of aggregation. 
As mentioned in the methodology section of this research, these indicators represent the 
ambitions of the specific investments, with a separation into economic and societal relevance 
for investing in innovations. The indicators, therefore, stipulate PIONEERS' economic and 
societal relevance for investing and will help shorten the number of relevant indicators. Tables 
2 and 3 give an overview of the business-economic and socio-economic key performance 
indicators used to assess the feasibility of an innovation:  
 
Table 2: business-economic key performance indicators (1) – source: Own composition 

Performance 
indicator 

Description 

Generalized costs In order to incorporate the actual benefits or detriments generated 
with the implementation of an innovation, the generalized cost 
method will be utilized.  

Turnover Can be defined as the amount received for sales in a stated period 
(year). (Merriam-webster, sd) 

Net Present Value 
(NPV) 

The NPV can be defined as the present value of future cash flows 
at the project's required rate of return compared to the investment. 
(Gallo, A refresher on net present value, 2014) 

Internal Rate of 
Return (IRR) 

The IRR can be defined as the rate at which the project breaks even. 
(Gallo, A refresher on Internal Rate of Return, 2016) 

Return On 
Investment (ROI) 

ROI can be utilized to assess the net profits or losses of the 
investment (t=x) compared to the initial investment (t=0). 

 
Table 3: Socio-economic key performance indicators (2) -Source: Own composition 

Performance 
indicator 

Description 

Delta external costs The culmination of the different external costs defined in the 
tactical performance indicators (i.e., noise pollution, air pollution, 
water pollution, light pollution) 
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Net positive effect 
on the social 
environment 

Monetary quantification of the impact on the social environment 
(i.e., delta labor costs, delta employment) 

 

4. Tactical desk research 
The tactical and strategic performance indicators are those indicators that cannot be divided 
into pillars but are instead applicable to all innovations developed during PIONEERS. Therefore, 
all innovations can affect this level, which is also clearly represented in the PI diagram (Table 
15 & 16) in the result section - pages 53 and 54. An overview of the relevant tactical business 
performance indicators can be found in Table 4: 
 
Table 4: Overview of tactical business performance indicators - Source: Own composition 

Performance 
indicator 

Description 

Investment The investment accompanied with the development and 
implementation of an innovation. Alternatively, the amount of money 
necessary to deploy and implement an innovation.  

Time savings Represents all the time savings that can be derived from 
implementing an innovation. 

Cost savings Represents all the cost savings that can be derived from 
implementing an innovation. 

Throughput The amount of ton or TEU handled by the port. 
 
From a social point of view, indicators such as land and water pollution are not considered 
since none of the innovations within PIONEERS have a reduction of the preceding as a primary 
target. Therefore, additions can be made to the assessment model developed in D9.3 to 
include alternative innovations that contribute to reducing alternative sources of pollution. 
 

Performance 
indicator 

Description 

Noise pollution The European Commission (sd) defines environmental noise 
pollution as the excess noise caused by road, rail, airport traffic, 
industry, construction, and other outdoor activities. Extended noise 
exposure can lead to serious health effects. This value is estimated 
by the available data in the port area. Since 1970 these emissions 
have been limited and, more recently, have been broadened with 
the introduction of the Environmental Noise Directive (END) in 2002 
(Europe Environment Agency, sd). This Directive defines 
environmental noise as being unwanted or harmful outdoor sound 
created by human activities, including noise emitted by means of 
transport, road traffic, rail traffic, air traffic, and from sites of industrial 
activity.  
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Alternatively, the World Health Organization (WHO) (2018) has put 
forward noise guidelines, stating that the impact of noise on health 
and global wellbeing is increasing. The primary purpose of these 
guidelines is to provide recommendations for protecting human 
health from exposure to environmental noise originating from 
various sources, including transportation noise, wind turbine noise, 
and leisure noise. Table 5 represents the maximum average noise 
exposure by source and timing (i.e., Lden: Noise indicator Day-
evening-night, Lnight: Noise indicator Night-time). 
 
Table 5: Noise recommendations – Source : (WHO, 2018) 

The most prominent health issues due to excessive noise include 
cognitive impairment, hearing impairment & tinnitus, cardiovascular 
disease, effects on sleep, annoyance, adverse birth outcomes, 
quality of life, and metabolic outcomes (WHO, 2018).  
 
The handbook of external costs from the European Union provides 
insight into the monetization of these indicators. Table 6, 
representing the cost in EUR-cent per vehicle kilometer (vkm) 
(European Commission, 2019): 
 
Table 6: External noise cost in EUR-cent per vehicle kilometer (vkm)-Source: 
(European Commission, 2019) 

Transport mode Cost per vkm (in €-cent) 
Heavy Goods Vehicle (HGV) (3,5-
7,5t) 

4.0 

Heavy Goods Vehicle (HGV) (7,5-16t) 5.7 
Heavy Goods Vehicle (HGV) (16-32t) 6,5 
Heavy Goods Vehicle (HGV) (>32t) 7,2 
Freight train Electric 359 
Freight train Diesel 201 
Inland Water Transport (IWT) No noise costs related to 

IWT 
 
Table 6 states that a modal shift from road transport toward inland 
waterways reduces noise costs. Alternatively, the costs per vkm for 

Source of noise Day-evening-night 
noise indicator: 
(𝑳𝒅𝒆𝒏) in dB 

Night-time noise 
indicator: (𝑳𝒏𝒊𝒈𝒉𝒕) 
in dB 

Road traffic noise 53 45 
Railway noise 54 44 
Aircraft noise 45 40 
Wind turbine 
noise 

45 No recommenda-
tion 
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electric and diesel-powered freight trains have higher costs per vkm. 
The question then arises whether the efficiencies of scale of a train 
can offset the noise costs of an HGV - since trains can transport more 
TEUs than an HGV.  

Air pollution Nathanson (sd) defines air pollution as the release into the 
atmosphere of various gases, finely divided solids, or finely 
dispersed liquid aerosols at rates that exceed the natural capacity of 
the environment to dissipate and dilute or absorb them. These 
substances may reach concentrations in the air that cause 
undesirable health, economic, or aesthetic effects (Department for 
Environment, Food and Rural Affairs, 2006). Air pollution comprises 
of CO2. Studies have shown that the socio-economic cost of the 
growing extra anthropogenic CO2 emissions is comparable to 293,34 
EUR (300USD @ 0,93EUR/USD (19/07/2022)) per ton of CO2 (Kikstra, 
et al., 2021). 

Total energy 
consumed 

The total energy consumed in the port area. Not taking into account 
the energy split used.  

Green energy 
produced/ 
consumed 

The total of green energy produced within the port area, including 
wind, solar, and other renewable energy sources.  

Congestion  Congestion is defined by the European Commission (2019) as- “a 
condition where vehicles are delayed when traveling”. A cost arises 
when an additional vehicle reduces the speed of the other flow 
vehicles, increasing their travel time.  
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5. Operational desk research 
5.1 Clean Energy Production, Storage & Supply 
Many forms of energy can be distinguished; (1) Heat, (2) Light, (3) Motion, (4) Electrical, (5) 
Chemical (6) Gravitational. Each form consists of two types – i.e., stored or working energy. Both 
types are helpful and can be converted bilateral, allowing for storage and afterward use the 
energy (US Energy Information Administration, 2020). Green energy – also called renewable 
energy – is generated from renewable resources. According to the European directive 
(2018/2001), renewable energy refers to energy from renewable and thus non-fossil sources, 
such as wind, solar and geothermal energy, ambient energy, tide and ocean energy, 
hydropower, biomass, landfill gas, sewage treatment plant gas, and biogas (art. 21). It is 
important to note that renewable energy resources do not necessarily equal to non-
Greenhouse Gas (GHG) emitting energy sources. For example, nuclear power plants are not 
considered renewable even though this form of energy does not emit GHG into the air through 
its processes (FSR, 2020). 

The Levelized Cost Of Energy (LCOE) can be used to compare and assess different 
modes of energy production, such as wind energy, photovoltaic energy, and so forth. The cost 
can be referred to as the average cost to build and operate an energy-generating plant, 
considering the total electricity generated over its assumed lifetime. Alternatively, the LCOE 
also indicates the lowest price to which the energy can be sold to break even and offset the 
investments made. Knowing this, the LCOE can be an essential parameter, acting as a decision 
support tool – analyzing this performance indicator on whether to invest in renewables 
(Corporate finance institute, sd). The following formula can be used to define the LCOE: 
 

𝐿𝐶𝑂𝐸 =  
𝑁𝑃𝑉 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒

𝑁𝑃𝑉 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑜𝑣𝑒𝑟 𝑙𝑖𝑓𝑒𝑡𝑖𝑚𝑒
 

 
Equation 1: Levelized Cost Of Energy (LCOE) 
 

With the technological advancements of the last years, it has become clear that the cost 
of electricity generated by solar farms has reduced drastically. Lazard (2020) (Figure 3) denotes 
the difference in LCOE between renewable energy sources (wind and solar) against 
conventional energy sources (coal, gas, nuclear). It is clear to see that the cost per MWh (in 
USD) is coming close to being more cost-efficient than gas combined cycle energy production. 
Therefore, it should be positive to use more solar and wind energy in the future.  

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG&toc=OJ:L:2018:328:TOC
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG&toc=OJ:L:2018:328:TOC
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Figure 3: Levelized energy cost: Renewable energy vs. conventional energy – Source: (Lazard, 2020) 

 
As a result, there is a trend towards clean energy, with investments being made to 

generate economies of scale. Resulting in a reduction of LCOE over time for environmentally 
friendly energy production systems such as solar-, wind- and bioenergy. Nevertheless, some 
barriers need to be considered. Even though the European Union oversees the allocation of 
individual taxation legislation within its member states to make sure there is no internal 
discrimination between companies of different countries, it does not impose direct taxes on 
consumers and companies in the individual member states (stating a minimum of 15% VAT for 
every member). Therefore, the level of taxation is different for every country, and thus, the 
taxation of energy. Tax incentives, therefore, must aid renewable energy development and 
uptake (European Commission, 2021). Nevertheless, in guiding different green energy 
initiatives, the EU has developed an energy taxation framework – the Energy Taxation Directive 
(ETD) – that should play a central role in supporting the EU’s climate targets by making sure 
that the taxation of motor and heating fuels and electricity are taxed based on the impact on 
the community’s health and environment (European Commission, 2021). 

 

5.1.1 Low-Emission Energy Production 
Hydropower is one of the oldest and most prominent sources of (renewable) energy that 
captivates energy of the natural flow of water (Office of Energy Efficiency & Renewable Energy, 
sd). Still, a division can be made between the utilization of artificial dams that collect river water 
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– destroying natural landscapes, negatively impacting bio-diversity – and artificial lakes at 
higher altitudes that act as giant batteries. As of 2019, there are 21,387 hydropower plants 
located in Europe, and 8,785 are still under construction, 33 percent of which are in a protected 
area (Baffert, 2019). 
 Emerging trends/ barriers related to the implementation of hydropower can be 
classified into; 1. Flexibility, 2. Digitalization, 3. Variable speed turbines, 4. Small-scale 
technologies, and 5. Fish-friendly technologies (Quaranta, 2020). The hydro turbine Demeyer is 
developing responds to the increase in flexibility, allowing to recuperate a large part of the 
energy consumption from lock operations in port environments. Additionally, the turbine will 
generate electricity within a broad spectrum of speeds, permitting the turbine to be multi-
applicable, increasing flexibility even more. Lastly, the hydro turbine developed in PIONEERS 
is considerably smaller compared to traditional hydropower plants that take up large amounts 
of space.  

The turbine will be deployed within the port environment – precisely, the locks – to 
recuperate the wasted residual water flow energy. The number of lock movements (i.e., the 
number of ships passing the lock per hour on average) per day will determine the relative 
energy produced from the tidal changes in port locks. Assessing the performance, an increase 
in lock tidal changes (i.e., the lock is used more) will increase the generated hydro energy 
complementary. During the test phase in 2017, insights were already gathered into the 
minimum viable flow that allows for implementation into even more remote areas or side 
streams of water also located in the port.  

 

5.1.2 Storage & Distribution: Energy Storage Systems (ESS) 

5.1.2.1 Hydrogen refueling infrastructure 

The implementation of a hydrogen refueling infrastructure on the perimeter of PSA Antwerp 
will be used to refuel straddle carriers that are operational on the container terminal quay. A 
prerequisite to properly integrating this innovation will be the ability to refuel the straddle 
carriers between shift breaks of 30 minutes to allow for continuous operations. In order to meet 
these demands, the refueling infrastructure will utilize 350 bar high-speed refueling pumps to 
deliver the hydrogen. Therefore, the average waiting time – or refueling time – will be an 
essential performance indicator to keep in mind during the deployment of the innovation. In 
the case of longer refueling time, the terminal's operations can be endangered, leading to less 
productivity and higher costs. The number of pumps active on the terminal perimeter and the 
number of straddle carriers to be refueled will also affect the potential waiting time and 
correlating investments.  

Nevertheless, hydrogen (storage) safety cannot be forgotten. Hydrogen needs to be 
synthesized, transported, stored, and utilized safely. Considering operational problems such as 
liner blistering, temperature variation, and pressure fluctuation, safety precautions regarding 
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resistance to fire, contamination, and leakage control are adequate and allow for a safety 
culture to be implemented on the terminal – additional training might be required for the station 
operators as well as the dock workers  (Paijmans & Van Criekingen, 2022). 

Due to high initial investment costs, which include the extensive works to rearrange the 
utility network to supply the hydrogen infrastructure with hydrogen via pipeline, a minimum 
viable offtake needs to be guaranteed (by terminal). The infrastructure will influence the 
terminal's hydrogen throughput, resulting in the terminal commitment to push the innovation 
toward more straddle carriers in the future (Paijmans & Van Criekingen, 2022).  

 
5.1.2.2 A corridor of modular docking stations for energy containers & Battery Storage 
and Smart Management of Green Energy in terminal operations 

The electric energy supply must perfectly match the energy demand at every moment. This 
balance is necessary to create a safe and sustainable grid. Energy storage allows to bridge any 
fluctuations that can have their origin for various reasons. In addition, energy storage is critical 
to the transition to a carbon-neutral economy, representing a concrete means of improving 
energy efficiency and integrating more renewable energy sources into electricity systems. 
However, it will also help improve European energy security and create a well-functioning 
internal market with lower prices. The "Study on energy storage – Contribution to the security of 
the electricity supply in Europe," published by the Commission in May 2020, found that the 
number one energy storage system is pumped hydro-energy (i.e., into a dam). Lithium-Ion 
batteries are used predominantly in electronic storage systems, and electrochemical facilities 
are led by the UK and Germany (European Commission, 2021). A graphical representation can 
be found in Figure 4. 

 

https://op.europa.eu/en/publication-detail/-/publication/a6eba083-932e-11ea-aac4-01aa75ed71a1/language-en?WT.mc_id=Searchresult&WT.ria_c=37085&WT.ria_f=3608&WT.ria_ev=search
https://op.europa.eu/en/publication-detail/-/publication/a6eba083-932e-11ea-aac4-01aa75ed71a1/language-en?WT.mc_id=Searchresult&WT.ria_c=37085&WT.ria_f=3608&WT.ria_ev=search
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Figure 4: Global operational grid-connected stationary storage capacity per technology, mid-2017 – Source: 
(IRENA, 2017) 

 

The significance of energy efficiency and demand response management while outfitting 
sustainable power has attracted additional consideration from numerous ventures in recent 
years. Seaports intend to embrace energy in the executives' frameworks since energy costs 
have expanded over the years, and manageable tasks are critical for greening the port 
business. Ports are large-scale end-users in energy supply networks. Therefore, investments 
in smart energy management, including demand response mechanisms (i.e., smart meters, 
energy-management controllers, and so forth), energy storage, and Photo Voltaic (PV) 
infrastructure, are worth investigating. In the port microgrid, the total cost of 3.2MW storage 
with demand response management for 30 and 40 ships averaged 18.5% and 21.0% savings 
over a conventional setup with a single price. When a 9.6MW battery is used in a microgrid 
setup, the total savings for 30 and 40 ships increases to 19.6% and 21.9%, respectively, 
compared to a conventional setting (Cagatay and Lee 2021).  

Due to its rather innovative character, battery prices are still declining over time. These 
price changes result from economies of scale, evolution in production capabilities, and 
innovations within the technology itself and are expressed in a decrease of x% in price per year 
when production doubles. For batteries, this percentage comes down to 15-20% annually (Brun, 
2019).  

Innovative Battery storage systems will aid in the transition to port sustainability. Smart 
energy storage and management systems in terminal operations follow certain features that 
make batteries more user-friendly. These systems can be used in various port operations, such 
as cargo handling equipment and automated guided vehicles. For the efficient utilization of 
battery packs as energy sources for green cargo handling equipment, battery management is 
an essential module in the system. The relevant cost structure for batteries is compiled by 
Mongird, Viswanathan, Alam, Vartanian, & Sprenkle (2020) and consists of installed capital 
price, operating costs, decommissioning costs, and performance metrics. The explanation of 
these variables and the accompanying figure  (Figure 15) can be found in the annex. 

A feasibility study regarding modular docking stations is being developed for the Port 
of Antwerp-Bruges. This project is known as the “Energy Transport Hub” and aims to develop 
an environment where alternative fuels and mobile energy containers will be utilized to reduce 
emissions and create a next-generation green port. This project will allow two battery 
containers to be charged simultaneously in 2.5 hours. Charging time and charging capacity are 
essential parameters to be monitored. Barges will not have to wait for a fully charged container 
since one container is charged, and the other can power the ship. Depending on the amount of 
charging points, more than two battery containers can be implemented.  Subject to the size 
and energy density of the container, the range will vary as well, as it is applicable for multiple 
trajectories. Increasing the range on a single load improves the flexibility of inland waterways. 
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Nevertheless, the costs for retrofitting/ electrifying a barge must also be considered. In 
addition to creating an Energy Transport Hub (ETH) and a docking station for charging battery 
containers for barges in the Port of Antwerp-Bruges, there are also plans to include a charging 
point for electric trucks - most likely associated with green power supply. Therefore, this action 
aligns with the Multi Fuel Port (MFP) vision, where ports want to provide multiple alternative 
fuels going forward (Team, The Editorial, 2019). Other indicators related to the purchase and 
utilization of the battery will be elaborated on in the next section and are also applicable to the 
“Battery Storage and Smart Management of Green Energy in terminal operations” innovation.  
 
5.1.3 Overview operational performance indicators Clean energy production, storage, 
and supply 

Figure 5  gives an overview of the economic operational indicators per demo after the (initial) 
desk research. Remarks need to be made that these indicators do not consist of all the 
indicators found during the desk research but are the remains of the initial indicator set after 
validation from the expert meetings. Hereby, some indicators have been removed in the 
process. 

 
Figure 5: Overview demo-specific operational indicators clean energy production, storage, and supply – Source: 
Own composition 
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5.2 Sustainable port design 
5.2.1 Hydrogen heating for buildings 

The Port of Antwerp will be implementing hydrogen heating systems within one of the port 
buildings, reducing CO2 emissions into the atmosphere and the amount of natural gas used by 
75.000 KwH/year. Due to its innovative character, problems are expected to arise, and the 
costs of maintenance and operationalization will need to be considered. The installation 
consists of three phases: 1. The heating system installation in the building 2. The realization of 
a mobile connection, and 3. Monitoring the reduction of CO2 by the system. Acara & Dincer 
(2019) mention that the infrastructure already in place for heating with natural gas can also be 
used for hydrogen. Therefore the initial investment to install the new heating module can be 
reduced significantly.  

Utilizing the schedule referenced in Figure 5 (3S scheme), one can evaluate the 
influence hydrogen can have (on the logistics sector) and how it is processed. The optimal goal 
is to make the source as green as possible, the system efficient, and the service compelling. 
When the source is green but not continuous, a well-designed storage system will need to be 
introduced. Since the capacity of green energy in the case of Belgium is not adequate nor 
continuous to supply energy 24/7 for the entire industry, an efficient storage solution is 
necessary. It is projected that by 2050, more than ten times the current hydrogen production 
will be needed to meet the demand (Hydrogen council, 2017). In order to get this hydrogen to 
the potential consumer (i.e., terminal operations, transport, chemical industry and so forth), 
viable and safe storage solutions are vital. Therefore, the Port of Antwerp-Bruges has already 
started the development of storage tanks. (stationary and mobile (Moradi & Groth, 2019)). 

Even though hydrogen has a lower energy density than traditional fossil fuels, it has a 
higher density-to-weight ratio than batteries (Hydrogen council, 2017). To avoid installing 
substantial hydrogen tanks, one of the following features is required, according to Moradi & 
Groth (2019): 1. High-pressure storage, 2. Low-temperature storage, or 3. The utilization of a 
material that attracts a large amount of hydrogen. All three types come with their problems – 
pressurized tanks are heavy, liquid storage is very energy-consuming, and material-based 
storage requires additional treatments for efficient storage. An overview of the different storage 
possibilities regarding hydrogen can be found in Figure 6. 
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Figure 6: Hydrogen storage methods – Source: (Mongird, Viswanathan, Alam, Vartanian, & Sprenkle, 2020) 
 

 
Figure 7: 3S approach to hydrogen – Source: (Acara & Dincer, 2019) 

 
From Figure 7 (3S model), performance indicators such as cooling capacity, power generation, 
heating capacity, fresh water, and fuel can all be essential to evaluate the hydrogen installation 
in the Port of Antwerp-Bruges. The heating capacity (c) can be determined by assessing the 
amount of Joule (J) per Kilogram (Kg) degrees Celsius (°C) the system has as output. The higher 
this heating capacity, the faster the system can heat a room or building (ScienceDirect, sd).  
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Hydrogen's impact on the business-economic or socio-economic part depends on the 
production and storage methods used. Figure 8 gives an overview of the methods that are 
used most often at the moment. 

 
Figure 8: sources, systems, and storage possibilities – Source: (Acara & Dincer, 2019) 

5.2.2 Local resource recovery for green, circular concrete 

Diving into the innovation of local resource recovery, the first thing that comes to mind is the 
circular economy concept. This concept revolves around the 4 R's (i.e., Reuse, Recycle, Reduce, 
and Repair), which are applicable in almost all sectors as the foundation for a more sustainable 
future (Seroka-Stolka & Ociepa-Kubicka, 2018). Reuse will be the primary "R" to be 
implemented in the case of green concrete.  

Large amounts of aggregates are required to build new concrete port infrastructures. 
Instead of relying on natural resources sourced from distant locations (e.g., imported sand from 
Germany, the Netherlands, or the Belgian continental shelf), a significant portion of the fine 
aggregates can be sourced locally through the recovery of fine construction aggregates from 
large volumes of excavated (sub)soil materials. The green concrete innovation aims to reduce 
the usage of primary materials by a minimum of 40 percent by locally recovered (secondary) 
materials. Due to the secondary material’s vicinity, the logistical kilometers are reduced, 
lowering the pressure on Belgian roads.  

The intrinsic characteristics of the concrete differ from virgin concrete. The recycled 
concrete loses 10%-15% of its strength. Though this is the case, alternative mixtures can be 
synthesized to make the concrete reliable and suitable for various applications (i.e., utilizing a 
higher concentration of Portland cement or using mixers to reduce the water content). 
Depending on the grade of the concrete, the crushing strength will differ and depends on the 
specified mixture used. The strength of concrete can be determined based on compressive 
strength (MPa), the flexural strength (MPa), and tensile strength (MPa) (Alhazmi, Shah, & 
Basheer, 2021). Regulations can burden this recycling process since it is highly regulated in 
Europe (Ganiron, 2015). In addition, the water used in concrete production significantly impacts 
the water supply and amounted to 1,7% of the total water demand in the world in 2012 (Fluence, 
2018). In the port of Antwerp-Bruges, the aggregate that will be used is excavated soil from the 
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development of new infrastructure (i.e., a new dock and the creation of a new highway in the 
coming years). This soil consists mainly of sand but also contains peat layers, shell layers, 
glauconite, and clay that cannot be used to produce new concrete. Therefore, the soil needs 
to be filtered to separate the sand from the composition. 

Regarding regulations, the sand must comply with the standard specifications 260 & 
260 comprising EN 12620 & PTV 411. Further down the production process, the concrete must 
comply with EN 206, which stresses the secondary concrete's durability, consistency, and 
strength. The biggest challenge here lies in the fact that sand has smaller granules compared 
to crushed primary concrete, making it more subject to water absorption and, thus, strength 
and durability.  

 
5.2.3 Green straddle carriers  

Numerous terminal operators use straddle carriers to transport containers from the quay 
cranes to the container stacks. Straddle carriers are more efficient than container tractors due 
to faster traveling speeds, resulting in higher sorting capabilities than Rubber Tired Gantry 
Cranes (RTGC) or Rail-Mounted gantries (RMGC) (Port Technology, 2011). However, this 
superiority comes with high CO2 emissions since straddle carriers are one of the biggest 
emitters of carbon dioxide on the terminal (CEPAL, 2016). Other disadvantages of the straddle 
carrier are the high maintenance frequency and fuel cost. With concepts such as just-in-time 
planning, the goal is to synchronize the equipment to reduce idle time (expressed in minutes) 
– correlated queuing costs/ waiting time (min/day) – and minimize emissions.  

To ensure that terminal operations can continue while implementing the innovation, the 
refueling time of the straddle carrier should not exceed 30 minutes. Air Liquid (AL) will provide 
the straddle carriers with hydrogen by building a high-speed refueling infrastructure with a 
pressure of 350 bar to allow this short refueling time. A prerequisite for the implementation is 
the availability of hydrogen.  
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Figure 9: Overview Well-To-Wheel options – source: (Gustafsson, Svensson, Eklund, Dahl Öber, & Vehabovic, 
2021) 

Gustafsson et al. (2021) calculated the Well-to-wheel CO2 emissions for hydrogen-
powered trucks and compared the outcome to the diesel variant. Well-to-wheel emissions 
resemble the emissions emanating from the production of electricity as well as the 
operationality of the electrified terminal vehicles and allow to take into account the entire 
production chain per kWh. Overall (i.e., well-to-wheel), the hydrogen-powered truck emitted 
more CO2 Than the traditional diesel variant (Gustafsson, Svensson, Eklund, Dahl Öber, & 
Vehabovic, 2021). During operations, the hydrogen truck emitted no CO2, but due to the low 
power-to-hydrogen-to-power efficiency, considerable amounts of energy are needed to 
produce hydrogen. The supply of green energy is too little to cover the production of hydrogen; 
thus, a more polluting energy option has to be used. An overview of the different steps in the 
Well-To-Wheel for different sorts of fuel can be found in Figure 9. 

The overall fuel consumption of the hybrid straddle carrier will allow for impact 
benchmarking to diesel-powered straddle carriers. During the PIONEERS demonstration, 
traditional straddle carriers will be retrofitted to utilize a mixture of hydrogen and diesel that 
will be injected into the air intake of the combustion engine. This retrofit also includes multiple 
fuel storage cells that add more weight to the chassis. Increasing the weight can force the 
straddle carrier to take turns at lower speeds to avoid tipping over. The average speed, 
therefore, can indicate the ability to cope with this extra weight. Alternatively, this can be 
expressed in the number of moves per hour or terminal throughput.  
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5.2.4 Electric Green last-mile 

VDL & DAF launched their first electric truck in 2018. With an autonomy of 100km and a weight 
of 40 tons, the truck can distribute in and near the city's vicinity, leading to less noise pollution 
spread throughout city centers. In this partnership, VDL provides the electric motor and the 
battery pack as a drivetrain for the trucks (VDL, 2019). Additionally, FIER will collaborate on 
developing last-mile vehicles (i.e., terminal tractor(s)) deployed on the terminal. Installing ultra-
fast charging points of 300Kw+ will allow optimal efficiency (eGLM, 2021). 

Moreover, maintenance costs will deflate due to fewer moving components utilizing a 
battery pack. When looking at the traditional vehicle market – the maintenance costs are, on 
average, 0.073$/mile (i.e., 1,61km) for a combustion engine and 0.031$/mile (i.e., 1,61km) for 
electric vehicles. Nevertheless, supplemental infrastructure like charging points needs to be 
installed, enlarging the investment compared to traditional combustion engines that do not 
need such investments - even though almost equal space is needed on the terminal. The 
question then arises when these costs will be offset by the reduction in maintenance and 
operational costs (Lutsey & Nicholas, 2019). This comparison can be decisive based on the Total 
Costs of Ownership (TCO), including the electricity cost to charge the electric vehicles on the 
terminal.  

Gustafsson, Svensson, Eklund, Dahl Öber, & Vehabovic (2021) state that the tank-to-
wheel energy consumption of a 40-ton truck is equivalent to 2,74KWh/km for traditional Diesel, 
2,93KWh/km for hydrogen, and 1,53KWh/km for electrified trucks. This high hydrogen 
consumption is due to the currently available technology. The conversion of power to 
hydrogen and hydrogen back to power only has a round trip efficiency of 18%-46%—leading to 
a significant loss compared to traditional diesel (DiChristopher, 2021). The calculations in the 
research were based on an average energy mix for Europe comprised of 33% renewables, 25% 
nuclear, 19% gas, 2% oil, and 20% coal, which led to an average carbon intensity of 269 gr 
CO2/kWh. Comparing the emissions of electrified vehicles to Diesel powered vehicles (Figure 
10), most emissions occur at the moment of combustion (i.e., on the terminal). Therefore, to 
reduce the amount of GHG emissions on the terminal, replacing traditional diesel combustion 
vehicles will lead to a purification of the air in the port.   
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Figure 10: Total greenhouse gas emissions per kWh for the studied energy carriers, divided into WTT 
(electricity/other) and TTW (combustion).- Soucre: (Gustafsson, Svensson, Eklund, Dahl Öber, & Vehabovic, 
2021) 
The numbers shown are representative of an average European electricity mix. WTT: Wheel-To-Tank, TTW: Tank-
To-Wheel, WTW: Well-To-Wheel 
 

5.2.5 Overview operational performance indicators sustainable port design 

Figure 11  gives an overview of the economic operational indicators per demo after the (initial) 
desk research. Remarks need to be made that these indicators do not consist of all the 
indicators found during the desk research but are the remains of the initial indicator set after 
validation from the expert meetings. Hereby, some indicators have been removed in the 
process.  

Figure 11: Overview demo-specific operational indicators sustainable port design – Source: Own composition 
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5.3 Modal shift and flows optimization 
The goal of the modal shift – i.e., shifting road transport towards alternative modes of transport 
- is to achieve a synergetic symbiosis with the hinterland. This symbiosis is becoming 
increasingly crucial for the mutual position of the various ports and offers a competitive 
advantage. From this point of view, the port of Antwerp-Bruges (PoAB) is committed to 
obtaining an excellent hinterland connection. Shifting towards inland waterways can cause a 
reduction of stress on the road network since congestion is one of the most critically limiting 
factors for road transport. The shift, therefore, reduces the associated social, economic, and 
environmental costs.  

Due to a multitude of macro and micro economic factors that influence the pricing 
strategy of international shipping, companies and local logistics providers, consumers and 
customers constantly seek to transport goods in the most cost-effective way possible. If the 
costs for road transport should surge over the cost (in the generalized cost approach) for 
alternative modes of transport from the modal split – i.e., inland barges, rail transport, or short 
sea shipping – one could argue that a change in modal split is to be expected. Spatial and 
timely parameters such as distance traveled, and flow rate significantly impacts mode 
selection. Flow rate indicates the number of vehicles passing a certain point in a given time 
period in one or both directions (Harantová, Ambróz, & Kalašová, 2020). Rail and maritime 
services are often slower than trucks, making road transport more appealing for time-sensitive 
and valuable commodities (Dong, Bouteb, McKinnon, & Verelst, 2018).  

Reliability can be defined as the variance in transit time or the probability of goods 
arriving on time. Low reliability of a transport mode reflects an uncertain transit time. With the 
upcoming market of Just In Time (JIT) deliveries, the demand for reliable transport has 
increased - reducing the amount of stock without leveraging the risk of a stock-out. Resulting 
in a soaring need for reliability over time. Chen & Kasikitwiwat (2011) define flexibility as “the 
ability of a system to accommodate, withstand, or handle changes. Therefore, the flexibility of the 
transportation system describes the level of capability to handle or absorb changes”. Absorbing 
these changes is relatively easier for free-floating trucks that operate on a vast majority of open 
roads that allow for point-to-point transportation, compared to inland waterways and railway 
transport, which depend on the built infrastructure with a high investment cost allocated to it. 
Not permitting to deliver goods from point to point but necessitates extra, costly 
transshipments – both in time and operational costs. 

Different types of transport take place during multimodal transport at multiple 
transshipment points. Multimodality complicates the supply chain, leading to conservatism 
towards road transport for most shipments. Regardless of the environmental aspect, other 
conditions ensure that the modal shift is constantly postponed. On the one hand, rail and inland 
waterway transport have to deal with more prolonged innovation and product life cycles – e.g. 
The average truck age in Europe is thirteen years, with outliers in Greece (Avg 21 years old) and 
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Austria (Avg 6,5 years old) (ACEA, 2021), compared to ships and trains with average ages of 26 
years (Statista, 2021) and 17,3 years, respectively (Burgueño, 2021). This discrepancy leads to 
less frequent innovations in Inland Waterways (IWW) and rail transport, resulting in an uneven 
balance towards road haulage. 

On the other hand, the impediment preventing rail transport is railway networks being a 
national concern leading to a juridically, technologically, and operationally fragmented market. 
This non-harmonization is the cause of many inefficiencies. Consequently, the spatial and time 
parameters should not be forgotten. As a result, for all trips less than 200 km, road transport 
has a time-related advantage over other means of transportation Invalid source specified.. 
The goal is to link innovation and technologies to the generation of economies of scale, 
enabling to fill more barges and trains.  

The International Energy Agency (IEA) estimates that transport has the highest resilience 
to fossil fuels and accounts for 37% of CO2-emissions from the end-user sectors (International 
Energy Agency, 2021). Standards for Particulate Matter emissions (PM) provide incentives to 
improve fuel economy within the different sectors. Emissions from road transport have fallen 
less than expected over the previous two decades but continue to fall (European Environment 
Agency, 2021). The latest regulatory events in the maritime sector are thus facing stricter rules 
and requirements set by the International Maritime Organization (IMO), the European Union, 
and other international organizations (Gausdal, Czachorowski, & Solesvik, 2018). Adding new 
standards, such as the Hong Kong shipping recycling convention, the London convention, and 
the international convention for preventing pollution from ships can affect both the business-
economic and societal sides of the investments.  

 
5.3.1 IT Platforms for planning multimodal transport 

5.3.1.1 Multimodal inland planner 

Accompanying the growing demand for transport is the uncertainty and unpredictability of the 
multimodal transport network (Bang Salling & Anker Nielsen, 2015). Poor tracking and 
coordination of the cargo during transport is one of multimodal transport's most significant 
challenges (Miashkova, 2021). It is difficult for shippers to know the exact location of the cargo 
during transport operations, leading to uncertainty (GLOBALTRANZ, 2020). Transshipment 
operations are inevitable during multimodal transport but also increase complexity and 
unreliability.  

In order to be more efficient, a well-designed and smart multimodal transport model is 
crucial. These models give an overview of the current (multimodal) transport situation and can 
assist companies in transport decision-making processes (Australian Transport Assessment 
and Planning, sd). The difficulty of creating such a model often lies with data availability. The 
amount of data needed depends on the complexity of the model. In general, (multimodal) 
transport models require a substantial amount of data sources (Fawzy, 2021).  
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IBM recently proved that when transport operators share operational data and 
knowledge, the whole supply chain becomes more transparent, and the experience for the 
customer increases (Waddell & Peterson, 2021). Adding to this, when data is shared correctly, 
more accurate planning models can be developed. Finally, Sanchez‐Rodrigues, Andrew, and 
Naim (2010) stated that variable and poor information collection and sharing is one of the main 
drivers that affect the total costs, efficiency, and sustainability of multimodal transport and that 
the modal shift to more sustainable transport modes like IWT or rail transport, can be hindered 
by poor communication between 3PLs.  

The European Union has also contributed to developing a transport-planning platform. 
During the COREALIS Project, funded by the European Union, a Multimodal Inland Planner (MIP) 
was developed to reduce uncertainty and improve the efficiency and sustainability of 
multimodal port transport. The MIP calculates the optimal door-to-door container routes by 
comparing the duration, price, and CO2-emissions of different transport modes (COREALIS, sd). 
The PIONEERS project will improve and scale up this innovation by introducing new user 
experience features and promoting sustainable transport modes. PIONEERS will provide a 
clear and easy-to-use platform to improve the customer’s experience. The improved MIP will 
integrate all the inland and foreland connections with real-time capacity information and the 
availability of containers. Consequently, the MIP will integrate and visualize the outputs from 
the Cargo Flow Predictions to provide recommendations regarding the transportation mode 
and their schedule. This will lead to greater logistics chain transparency and more support for 
the rail transport management in cooperation with all stakeholders.  

 
5.3.1.2 Rail platform 

Rail transport provides a sustainable alternative in the modal shift towards greener transport 
modes, can convey large amounts of goods over long distances without complications like 
congestion and road accidents, and is substantially more ecological than road transport. Based 
on the large mass of trains and no frequent starting and stopping operations during transport, 
rail transport saves energy (Brabec, Pilko, & Starčević, 2011). Because of these reasons, rail 
transport plays an increasingly significant role in the current environment (PCC Group, sd). 
Despite the advantages explained above, rail transport still faces multiple challenges that need 
to be addressed. 

The first challenge is operational and concerns the irregular width of the train tracks 
between (European) countries (Agico group, sd). Most European countries utilize “normal size” 
gauges (1435mm wide). Ten other countries, like Spain, Portugal, Finland, Ireland and so forth, 
utilize different gauge widths (Marian, sd). The second challenge is about the Just In Time 
delivery trend that has been mentioned before in this study. Rail transport still requires 
transshipment operations in which goods must be unloaded from the train and loaded onto a 
truck to perform the last-mile delivery. These extra handlings make rail transport slower and 
more complex than unimodal transport. Innovation is needed to prevent a shift towards road 
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transport and increase the modal split towards more sustainable transport modes like rail 
transport (Chuanwen, Boute, McKinnon, & Verelst, 2018).  

In the Port of Antwerp-Bruges, there is the following modal split (Port of Antwerp-
Bruges, 2021): road transport (56,28%)), rail transport (7,42% equivalent to 24 million tons of 
goods), and inland waterways (35,81%). Belgium is crossed by three different railroad routes, 
namely, Rhine-Alpine (RFC1), North Sea-Mediterranean (RFC2), and North Sea-Baltic (RFC8) 
(Port of Antwerp-Bruges, 2021). This cluster of international trade routes facilitates 
(inter)national rail transport. During the “Let’s modal shift together!” initiative, PoAB and Railport 
sought to double the cargo transported by rail by 2030.  

The PIONEERS project is also innovating within the PoAB to increase the rail transport 
modal split. In order to increase the transparency and reliability of rail transport, the Rail 
Platform innovation will be demonstrated. This innovation will develop an IT tool to manage 
and follow up on rail transport cargo flows, leading to greater transparency in the logistics chain 
and supporting rail transport management in cooperation with all stakeholders.  

 
5.3.2 Realizing a modal shift in the commute of port employees  

The city of Antwerp (as part of the Smart Ways to Antwerp program) supports companies 
based in Antwerp with more than 20 employees to mature a smart and sustainable mobility 
policy. The demo aims to change the long-term behavior of port employees in their commute 
to work and was successfully implemented during the CIVTAS PORTIS project - funded by the 
European Union.  

PIONEERS builds on this project’s success and wants to increase the reach of this 
initiative by including companies situated in the Port of Antwerp-Bruges. During PIONEERS, this 
demo will demonstrate a range of innovations, including a Mobility scan, a Flexiwork scan, 
Sustainable transport to work, and the Multimodal Route Planner. The route planner innovation 
will result in a mobility map and app with personalized travel plans, bicycles, e-steps, public 
transport, and a Bike discount scheme. 

To assess the demonstration’s efficiency, PIs such as vehicle kilometers traveled for 
each transport mode and the modal split percentage are crucial (Coulombel, Boutueil, Liu, 
Viguié, & Yin, 2019). Reflecting on costs, the cost of deployment per employee can be(come) a 
benchmark for efficient implementation (Hara et al., 2016). Finally, accessibility can form a 
barrier when there is no well-maintained alternative transport infrastructure – resulting in the 
non-utilization of bikes and public transport services (Kaparias, et al., 2012). The maintenance 
and upkeep of the innovations and the public transport network plays an equally important role 
in the development and implementation hereof.  

 
5.3.3 Cargo Flows Optimization  

A clear-cut and up-to-date scheduling system is vital for barge transport optimization. Multiple 
scheduling systems already exist to aid bargemasters or fleet managers during operations. For 
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example, the APICS Barge application is used to find available mooring docks, book locks, get 
information regarding the tides and wind direction, and get a general overview of the traffic 
within the PoAB (Port of Antwerp-Bruges, sd). In addition to the APICS application, a Very High 
Frequency (VHF) radio is available where inland barge operators can call for further inquiries 
concerning maneuvers like mooring, loading, unloading, going under bridges, and so forth. 
Regardless of these scheduling systems and applications, the automated scheduling systems 
are not sufficiently robust and flexible to address real-world logistical challenges. This 
inflexibility translates itself into the unreliability of Barge transport.  

Van Hassel, Vanelslander, Sys, & Ogenesian (2021) proved that the lack of flexible 
scheduling systems influences this reliability, together with the absence of a contractual 
relationship between the barge operator and the container terminal operator. This relationship 
translates into long and unpredictable waiting times for barge operators, waiting for the sea-
going vessels to be handled at the terminal. Consequently, the insufficiently coordinated calls 
of barges at seaport terminals leading to long waiting times, reduced reliability, and fewer 
deliveries (van Hassel, Vanelslander, Sys, & Ogenesian, 2021; Caris, Macharis, & Janssens, 2011). 

To address these challenges, PIONEERS will demonstrate an AI-based Cargo Flow 
Optimization scheduling program that builds on previous successes like SYNCHRO-NET and 
ePIcenter that were developed as European Union-funded Horizon projects. SYNCHRO-NET’s 
goal was to reduce CO2 emissions for shipping and land-based transport through a modal shift 
towards greener modes, while ePIcenter explored AI, digitalization, automation, and 
innovations in freight transport and handling technologies (Synchro-net, 2017) and (ePIcenter, 
sd). The Cargo Flows Optimization program will utilize aspects from both projects and will be 
implemented in the trade route between Willebroek, Venlo, and Antwerp to reduce 
congestion, costs, and environmental impact.  

 
5.3.4 Multimodal access to the port using a MaaS platform 

Mobility As  A Service (i.e., MaaS) can be described as “an intelligent, integrated, user-centered 
information, reservation, purchase, and ticketing system for mobility services” according to Lebas 
(sd). The platform integrates all mobility services – both public and shared modes from private 
operators (ex. Uber – i.e., the most well-known MaaS provider). The city of Barcelona and its 
connecting port is an attractive place for cruises to dock. Therefore, many tourists need to take 
public transport to the city center. This PIONEERS innovation will investigate the requirements 
for cruise passengers to access the port area by themselves with public transport and 
alternative transportation modes. Here, different traffic participants to and from the port area 
will be taken into account – both tourists and employees, as well as trucks and so forth.  MaaS 
can occur in many forms and therefore has an exhausting list of indicators that allow for specific 
measurements.  

A MaaS application's primary objective is the integration of many transport modes 
available on a specific territory. Therefore, the number of services booked on the platform 
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given a period can be a good indicator to measure the acceptance rate. The share of total 
mobility options booked on the application also greatly influences the number of services 
booked (Lebas, sd). Including the modal split of all cruise dock passengers, it is possible to 
assess the impact on the CO2 emissions in the port. The most significant barrier regarding the 
innovation is not simply the application's development and implementation but rather the 
related stakeholders' marketing and cooperation. Port authorities and cruise operators should 
communicate clearly to the tourists and passengers to download and utilize the developed 
application to arrange private/ public transport to the city center (Domingo, 2022). 

Additionally, the political environment can (and sometimes needs to) contribute to 
adopting MaaS. This cooperation is of even greater importance when the area is somewhat 
distant, and port authorities control the in and outflow of public transport. Supporting the 
innovation will result in the ability of public buses to pick up tourists at the point of arrival at the 
port.  

 
5.3.5 Cargo Flow Prediction 

Within the PoAB, tools are being developed or are already in use that provide services to 
shippers, terminal operators, and port authorities to increase efficiency and reduce waiting 
times.  As discussed under “cargo flow optimization,” barge operators have multiple tools to 
plan mooring, loading, and unloading operations at seaport terminals to increase efficiency and 
reduce waiting times. However, no applications can predict the short-term cargo flow in the 
current port environment.  

Rashed (2016) developed a container throughput and forecasting tool for the PoAB 
(Rached, 2016). Policymakers and stakeholders could utilize the output of this study for short-
and long term decision-making processes. During the COREALIS project, MOSAIC developed 
a cargo flow prediction model that uses an Artificial Neural Network algorithm fed with historic- 
and real-time data to predict the daily traffic flow of containers, the destination, and the mode 
of transport (Chausse, 2020). Conclusively, there have been developments in this sector, but 
no application provides an easy-to-use, clear overview of the cargo flows within a port. 
PIONEERS will continue the work established by the COREALIS project to improve the 
efficiency and planning of container terminal operations using Machine Learning (ML) based 
on the relationship between sea and land, decreasing delays in port operations.  

An ML algorithm gains knowledge by identifying patterns in data. The result is a model that 
can convert data into a concrete output, such as a solution to a particular issue (Kretschmann, 
Zacharias, Klöver, & Hensel). The higher the data quality to train the model, the more precise 
the output will be. Therefore, it is essential to feed the machine learning model with a lot of 
good and specific data.  

Complementary to the implementation of 5G nodes in the port of Barcelona, fast 
exchange of large data sets is necessary to train the machine learning algorithm and support 
the decision-making process with the output of flow prediction. 5G will provide a flexible 
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solution for this in ports. Synergetic is the ability to simplify the transfer and processing of data 
and information of financial transactions in the maritime supply chain since it is an international 
environment, working with dispersed players globally. Nevertheless, certain players benefit 
from this non-transferability, leading to potential non-cooperation during and after the 
implementation. Partner/ stakeholder cooperation is thus essential – aligning the minds toward 
data-sharing can be a barrier (Kretschmann, Zacharias, Klöver, & Hensel). These barriers can be 
countered with the implementation of open-source databases that can be utilized to train the 
model, together with a clarification of the fact that the training data is utilized fair and in rule 
with GDPR principles (Watney, 2018).  

 
5.3.6 Overview operational performance indicators Modal shift and flows optimization 

Figure 12  gives an overview of the economic operational indicators per demo after the (initial) 
desk research. Remarks need to be made that these indicators do not consist of all the 
indicators found during the desk research but are the remains of the initial indicator set after 
validation from the expert meetings. Hereby, some indicators have been removed in the 
process. 

Figure 12: Overview demo-specific operational indicators modal shift and flows optimization – Source: Own 
composition 
 

5.4 Digital transformation 
In general, ports and the maritime industry are closing in on the 5th stage of evolution – 
Evolving from local ports to global integrated logistics hubs within the supply chain, which also 
involves a shift in the role of ports (Figure 13). Since 2010, the concept of smart ports has started 
to be discussed. So-called Green IT is the practice of doing computing in an environmentally 
friendly way, trying to minimize the negative impact on the environment and maximize the 
efficiency of the raw materials together with the biodegradability of unused or outdated 
products (de la Peña Zarzueloa, Jesús Freire Soeanea, & López Bermúdezb, 2020).  

 



 

D9.1: DETAILED REQUIREMENTS FOR THE ASSESSMENT METHOD   40 

Figure 13: Evolution from a local port to global supply chain integration through IT – Source: (de la Peña 
Zarzueloa, Jesús Freire Soeanea, & López Bermúdezb, 2020) 

 

A developed smart port can use the insights gained to generate new business models. 
However, not all ports can integrate with their surroundings fully. Some ports may lack the 
infrastructure, the physical integration with their surroundings, or the scale needed to make the 
necessary investments. The level of digitization that can be achieved should be determined 
case by case (Deloitte Port Services, 2017). Nevertheless, digital transformation should help 
identify, deliver and monitor aggregated data within the logistics supply chain context. The 
transformation to a smart port is described by using various sensors and measuring equipment 
to transmit and process information remotely. Within an industrial context, reference is made 
to industry 4.0 or the Internet of Things (IoT). The Internet of Things is a new generation of 
Wireless Sensor Networks (WSN). It represents a network of heterogeneous sensing devices 
linked via the Internet to collect information and forward it to a collection center (base station). 
Consequently, that data is analyzed and saved. Today, IoT affects many industries (industry, 
transport, home, smart city, and so forth). It can optimize production, reduce home energy 
consumption, improve real-time traffic, and reduce vehicle emissions to protect the 
environment, among other things (Belfkih, Duvallet, & Sadeg, 2017). 

Digital innovation is a path that encounters many pitfalls that need to be addressed. 
Technology typically starts from research and development, ascends, becomes mature, and 
eventually declines. Before the maturity stage, numerous challenges need to be overcome. 
Standardization is therefore needed to avoid future pitfalls. Assisting in technology diffusion 
and achieving future safety and security goals (think legal responsibility of self-driving cars). 
Appropriate governance is fundamental in association with real-time data to track the 
validation and optimize mobility within the ecosystem to avoid this diffusion (Tsakalidis, 
Gkoumas, & Pekár, 2020). Technology acceptance, nevertheless, is subject to human and 
economic factors that are influenced by behavior and social factors (i.e., safety, sustainability, 
climate change). 
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Digitalization mainly focuses on automating different business processes and 
simultaneously capturing information (data) from different sources (Tijan, Jovic, Aksentijevic, & 
Pucihar, 2021). Also essential is the willingness to exchange data between the different 
stakeholders (Tijan, Jovic, Aksentijevic, & Pucihar, 2021). 

In general, when implementing new technologies in the port environment, barriers for 
implementation within the company are finding adequate personnel that can fulfill the 
requirements. Additionally, these employees must be motivated and convinced of the benefits 
and the business strategy aligned with the digital strategy (Valentin, 2022). Alternative general 
barriers constitute high implementation costs, low quality of offshore internet, aging decision-
makers, overly technology-oriented culture, the lack of investment initiatives, and the low level 
of technological diffusion apparent within the ports themselves (Tijan, Jovi, Aksentijevic, & 
Pucihar, 2021). 

 
5.4.1 Automated container shuttle solutions for port operations 

Automated guided vehicles (AGVs) are the primary mode of horizontal transportation in 
terminals between the container cranes and stacking areas. Issues related to the 
implementation of AGVs are, for example, vehicle conflict, congestion, and waiting times, which 
are becoming a problem, significantly reducing terminal operating efficiency (Zhong, et al., 
2020). Nevertheless, AGVs are revolutionizing Supply Chains (SCs) across the globe. AGVs can 
be applied in many industries, and although the initial investment costs are high, the benefits 
are considerable. With the current “industry 4.0” trend, AGVs are looking to revolutionize the 
SCs even more (IBM, 2022). Innovations in this area are necessary for the industries to cope with 
the contemporary challenges SCs face. Climate change, market internationalization, and the 
growing demand for goods and services are just a few examples.  Companies, therefore, 
recognize their responsibility to reduce their environmental impact.  

While these challenges disrupt the SCs, AGVs are developed and utilized to increase 
efficiency, decrease operational costs and reduce greenhouse gas emissions (Bechtsis, 
Tsolakis, Vlachos, & Iakovou, 2017). Bechtsis et al. also proved that using AGVs in digital 
manufacturing and intelligent distribution can contribute to sustainable development. Aguiar, 
Oliveira, Hua Tanb, Kazantsev, & Setti (2019) state that using AGVs can increase efficiency and 
product traceability, improve workers' safety, reduce operational costs and minimize energy 
costs (Guilherme, Gilson, Kim, Kazantsev, & Setti, 2019). AGVs can be applied in many different 
industries and environments. Container terminal operators utilize AGVs in their container freight 
management system to increase productivity and reduce labor costs and their environmental 
impact. AGVs can also be profitable in warehouse operations, where precision scanners stack 
goods accurately while working extremely fast and for long periods. According to Siegal, 
Schechtman, & Edan (2009) the followin performance indicators can also be used to assess the 
implementaiton of AGVs on the terminal: (1) number of deadlock situations, (2) AGV idle time, 
(3) AGV utilization, (4) AGV empty travel times.  
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Conflict management can impose great conflict when not working optimally. This may 
lead to unpredictable arrival times and harm the system performance, leading to higher 
congestion or deadlocks. A deadlock happens when two vehicles wish to utilize the same lane 
already occupied by the other vehicle. In this case, no vehicle can continue its route, resulting 
in a blocked system. Optimizing the algorithm to cope with these situations can help increase 
the efficiency and performance of the system (Möhring & Gawrilow, 2004). 

 
5.4.2 Automated vessels 

The impact on ports with the introduction of autonomous ships and the resulting opportunities 
will be mainly in processes, demanding investment in hardware and software to manage these 
ships from shore control centers. Shipping companies’ business models and processes will be 
affected by new players and scenarios that could disrupt the market: new shipping alliances; 
new shipping services; a reduction in crew; and finally, the shift from having a crew on board to 
employing land-based technicians to manage ships remotely (Javier Garrido Salsas, 2022).  
Depending on the type of automatization, ships can choose between different levels of control. 
These levels are independently defined by the location of the human operator (Porathe, Hoem, 
Rødseth, Fjørtoft, & Johnsen, 2018): 
 
Table 7: Forms of autonomous shipping – Source: (Porathe, Hoem, Rødseth, Fjørtoft, & Johnsen, 2018) 

Operator 
controlled 

The operator fully handles the dynamic navigation tasks (DNT). The 
system may provide limited aid in controlling the ship, limiting the 
automatic control – i.e., Autopilot. This is the case for most ships today. 

Automatic The ship can operate without human intervention for a particular 
function – e.g., a Dynamic Positioning (DP)1 system. Nevertheless, an 
operator is necessary to counteract any deviations from the 
operational parameters. At this level of automation, automatic 
berthing is applicable – or in other situations where very accurate 
control is needed. 

Partly Autonomous The ship can autonomously operate specific tasks from the DNT, 
leading to an opportunity to have an unmanned bridge periodically.  

Constrained 
Autonomous 

The ship can operate the DNT autonomously most of the time. 
Though, clear limitations are appointed since it will not be able to 
exceed the prerequisites programmed. Human intervention, 
therefore, is sometimes necessary to adjust the prerequisites 
programmed. 

Fully Autonomous The ship can handle all tasks of the DNT autonomously without any 
human intervention. 

 

 
1 Dynamic Positioning is a vessel capability via a variety of individual systems and functions through a 
computer control system to automatically maintain a vessel's position and heading, using her own 
propellers and thrusters (Porathe, Hoem, Rødseth, Fjørtoft, & Johnsen, 2018). 
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An overview is given in Table 8: 
 
Table 8: Overview of levels of control – Source: (Porathe, Hoem, Rødseth, Fjørtoft, & Johnsen, 2018) 

Continuously manned 
bridge 

Unmanned bridge, crew 
on board 

Unmanned bridge, no 
crew on board 

Direct control 
Automatic control 
Partly autonomous 

Remote control 
Automatic control 
Partly autonomous 
Constrained autonomy 

Remote control 
Automatic control 
Partly autonomous 
Constrained autonomy 
Full autonomy 

 
Seafar is developing a control system that allows a captain to intervene if necessary. 

Nevertheless, safety is a crucial aspect of the implementation of autonomous ships. One of the 
biggest roadblocks is the current legislation's adaption to allow barges with (un)manned 
bridges to sail on national waters. With its contribution to PIONEERS, SEAFAR will present a 
positive (business) case on the development and implementation of autonomous barges that 
can become a trailblazer for port and local political authorities to present autonomous barges 
can be operated safely (Masoudi, 2022). Additional barriers to overcome are: the location of the 
camera on board (which is especially important during the night to avoid lights shining into the 
lens); the need for high-quality images from different sources to train the algorithm, and the 
location of the 5G antennas in the port for optimal coverage (Kia, 2022). 

 
5.4.3 Vessel traffic Optimization;  

Sea Traffic Management (STM) provides efficient, safe, and environmentally sustainable 
services from berth to berth. As a result, STM focuses on the journey and uses it as a core 
element for improved safety, optimized processes for involved actors, and stakeholder 
interactions. Nevertheless, this type of management requires an enhancement in the 
interaction between the stakeholders active within the port area – i.e., ship-to-shore, ship-to-
ship, shore-to-ship, and shore-to-shore which will enable data sharing between the different 
stakeholders. Real-time data sharing increases the predictability of arrivals and departures, 
reduces the number of accidents, and optimizes resource utilization. In short, the objective of 
STM is to enable interoperable, standardized, and harmonized services, allowing a ship to 
operate safely and efficiently from port to port with minimal environmental impact (Lind, Hägg, 
& Haraldson, 2016). 

The vessel traffic optimization demo will help to achieve this goal. The operation model 
improves the coordination of the agents involved in the port of call process (Port Authority, 
technical-nautical service providers, maritime agents, shipping companies, and so forth) to 
reduce vessel waiting times starting from the port approach until the departure from that port. 
The implementation of this model considers the deployment of technological platforms that 
allow the exchange of information associated with the events of the scaling process (process 
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timestamps) for critical process information to be shared in real-time among all actors involved. 
Thus, increasing the visibility of the scaling process and the availability of validated information 
that reflects the actual status of the ship at all times. In the evolution of this model, it is 
considered that the establishment of direct and digital ship-port communication, allowing the 
port to recommend a specific arrival time (sometimes different from the declared ETA), for 
ships to adjust their navigational speed to synchronize their arrival with the required time. 
Resulting in fuel savings and reduced greenhouse gas emissions. Standardization of 
information among stakeholders is a critical issue in solving this challenge. 

 
5.4.4 Maritime 5G for intelligent vessel location 

Within the Port of Barcelona, a 5G network will be implemented to, in combination with smart 
cameras and Artificial Intelligence (AI), have a better overview of the ship moves within the port 
area. These insights will act as a decision support system, allowing the allocation of ships faster 
to berthing locations and reducing the overall mooring time in the port. This reduction in port 
time results in an increase in port efficiency, a reduction in local emissions per ship, and an 
opportunity to enlarge the Port of Barcelona's captive market.  

5G is the fifth generation of cellular wireless, improving mobile internet quality, and 
leading to more advanced applications requiring fast data transmission. With 5G, the time lag 
in data processing (known as latency) is significantly shorter than with 4G. In practice, this 
implies that one can join the network and communicate with it almost instantly. Low latency 
provides apparent benefits in applications such as self-driving cars, remote robots, and traffic 
accident avoidance (Investigate Europe, 2019). The development of 5G related technologies is 
built on the assumption that 5G will become widely used in urban areas (Tsakalidis, Gkoumas, 
& Pekár, 2020). All port operations benefit when the incoming and outgoing traffic flows are 
optimized. Presenting 5G can, therefore, significantly improve ports productivity and add to 
maintainability by emphatically affecting a few SDGs. For example, 3D LIDAR devices, smart 
cameras, Augmented Reality, and Virtual Reality are included during the process of loading 
and unloading. The evaluation indicators can be described by environmental benefits and 
economic benefits. Environmental benefit indicators include vessel properties (operation time, 
idle time), and economic benefit indicators include total cost savings and annual benefits.  

Nevertheless, 5G uses higher frequencies and has a considerably smaller coverage per 
transmitter than 4G. In order to use 5G to its fullest potential, new infrastructure must be built 
to transmit these higher frequencies (Martonik, 2021), including more transmitters. This increase 
in transmitters will require higher initial investments that can delay the further development of 
the network, especially in more rural areas. 5G can have a more immediate impact on cities and 
port environments.   
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5.4.5 Containers transport forecast 

Given the turbulent times – taking into account COVID, the Russian war, climate change, and 
the high inflation – port authorities, terminal operators, investors, and other stakeholders link 
back to different forecasting methods to rationalize decisions related to operation and 
investment (Rashed & Vanelslander, 2017), indicating the importance of forecasting the 
development and expansion of the port. The most commonly used approach is the 
autoregressive integrated moving average (ARIMA) model. Inclusively, seasonal fluctuations in 
container shipping data are noticeable, leading to the need to develop seasonal ARIMA 
models. 

The main limitation attributed to the utilization and development of these models is the 
assumption of linearity. Unable to capture the complex present, there is a need for more 
precise predictions that direct the scientific interest toward alternative models such as Artificial 
Neural Networks and Support Vector Machines. In recent times, much interest is also 
expressed in modeling approaches that utilize machine learning as a basis for forecasting 
(Ferretti, Fiore, Perla, Risitano, & Scognamiglio, 2022), which will be the basis of the 
development of the innovation in PIONEERS. 

Knowing the number of trucks that will be needed in the near future is valuable 
information for truck planning and prioritizing. Especially small and medium transportation 
companies, which possess smaller fleets, can benefit from forecasting their transport demand. 
Improving the efficiency and planning of containers that need to be transported by truck plays 
an important role herein. The coming and going of trucks in and out of port areas has historically 
caused significant waiting times, requiring deep optimization. The decongestion and 
transformation of the behavior of road transport, optimizing the flow of trucks and the 
associated logistics operations, and enhancing the experience of the relevant users are, 
therefore, of great importance. The PIONEERS forecasting method will deliver an end-to-end 
solution for small and medium transportation companies with an accurate short-term 
prediction of the number of containers that need to be transported.  

 
5.5.5 Digital twin 

Data is one of the fundaments when thinking of a smart port environment. Collecting, 
transforming, and utilizing this data performantly can significantly impact port operations' 
optimization. A framework – Big data - is needed to control this data and to acquire actionable 
insights. One opportunity is the digital twin, a thorough physical and functional representation 
of an asset with the information required to process it throughout its existence (Boschert & 
Rosen, 2016). The innovation – digital twin – can be utilized in numerous applications and will 
be deployed during PIONEERS to assess CO2 emissions and cargo and people flow within the 
port area. The data can also be used to perform predictive analyses, forming the basis for 
optimizing logistics processes (Haße, Li, Weißenberg, Cirullies, & Otto, 2019). The logistic-port 
operation model achieves improved coordination of the agents involved in the port-of-call 
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process (Port Authority, technical-nautical service providers, maritime agents, shipping 
companies, and so forth).  

In order to reduce the waiting- and operating times of vessels at their port approach and 
departure, it is practical to deploy technological platforms that exchange information 
associated with the arrival and departure of ships. In order to do this, timestamps can be used. 
In these timestamps, process information is shared in real-time among all actors involved. 
These platforms will increase the visibility of the scaling process and the availability of 
validated information that reflects the actual status of the scale at all times. This model aims to 
establish direct and digital ship-port communication, allowing the port to recommend a 
specific arrival time (sometimes different from the declared Estimated Time of Arrival (ETA)) for 
ships to adjust their navigational speed, synchronizing their arrival with the required time, 
resulting in fuel and greenhouse emissions savings.  

Standardization of information is an important step to address this challenge. The proposed 
platform model can integrate various modules that receive operational and environmental 
signals and data. The model processes and combines data in real-time to obtain an accurate 
status of the environmental status of the port at all times. Possible applications that are 
considered are listed hereunder: 
- Environmental monitoring of air quality according to port activity: internal traffic peaks, 

terminal operations, arrival and stay of large ships (cruise ships, container ships, etc.).  
- Dynamic calculation of environmental indicators such as carbon footprint under different 

scenarios.  
- Based on the data analyzed in real-time, an energy management tool allows the different 

operators to take appropriate actions, guaranteeing port operations' environmental and 
economic sustainability. 
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5.5.6 Overview operational performance indicators Digital transformation 

Figure 14  gives an overview of the economic operational indicators per demo after the (initial) 
desk research. Remarks need to be made that these indicators do not consist of all the 
indicators found during the desk research but are the remains of the initial indicator set after 
validation from the expert meetings. Hereby, some indicators have been removed in the 
process. 

Figure 14: Overview demo-specific operational indicators digital transformation – Source: Own composition 
 
 
 
 
 

6. Expert meetings and interviews 
 
After the desk research, the initial performance indicator research was tested through expert 
meetings and interviews, forming an extra check before condensing all the different 
performance indicators into a single-use scheme. In the addendum, the open questions that 
were drilled down upon are represented to get better insights into the operational and 
behavioral aspects of the performance indicators. The queries will be a mix of open and 
relatively closed questions in which we can get deep insights into the decision-making process 
of the different experts and demo leaders. An overview of these demo leaders and respective 
spokespeople is represented in Table 9:  
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Table 9: demo leaders and respective spokespeople - Source: Own composition 

Demo Demo 
lead 

Representative 

Energy generation from water currents Demeyer Carl Bosteels 
Hydrogen refueling infrastructure Air Liquide  
A corridor for modular docking stations for energy 
containers 

Engie2 Guy Dreessen 

Battery storage and smart management of green 
energy in terminal operations 

AET James Deignan + 
Erika Duran 

Hydrogen heating for buildings PoAB Juan Desfarges 
Local recovery for green, circular concrete PoAB An Saeys + Jef 

Bergmans + 
Liesbet Van den 
Abeele 

Green straddle carriers PSAA Bart Paijmans 
Electric green last mile eGLM/ 

FIER 
Willem 
Christiaens 

IT platforms for planning multimodal transport: 
   Multimodal inland planner 
   Rail platform 

 
MOSAIC 
INFRABEL 

 
Stefano Persi 
Nico Smolders 

Realizing a modal shift in the commute of port 
employees 

Antwerpen Steven Windey 

Cargo flows optimization MJC2 Julian Stephens 
Multimodal access to port using a MaaS platform ACASA Joan Domingo 
Cargo flows prediction MOSAIC Stefano Persi 
Automated container shuttle solutions for port 
operations 

AKKA Simon Krepper 

Automated vessels Seafar Najmeh Masoudi 
Vessel traffic optimization MACOMI Timo Koppenberg 
Maritime 5G for intelligent vessel location PoB Javier Garrido 
Containers transport forecast MOSAIC Stefano Persi 
Digital twin IMEC Joris Finck/ Dries 

Van Bever 
 
The following Tables (10-13) give an overview of the output generated based on the interviews 
with the different demo leaders concerning the researched performance metrics specific to 
their innovation. Column 1 specifies the demo being discussed. Column 2 specifies whether any 
business economic performance metrics need to be added – noting that the desk research 
was not complete from an operational point of view. Column 3 states whether any socio-
economic indicators need to be added. As can be noticed in the Tables, rather few respondents 

 
2 Engie was initially interviewed. Later in the project, Engie is replaced by the company “ZES”. 
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had to add any metrics here. This is because we focus primarily on the air and noise emissions 
that are only affected by a rather limited amount of operational indicators per innovation. 
Column 4 states condensed background information (given during the interview) as to why the 
preceding indicators (business-economic and socio-economic) need to be considered.  
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6.1 Clean energy production, storage, and supply 
Table 10: Clean energy production, storage, and supply - Source: Own composition 

Demo Business-economic PI Socio-economic PI Explanation 

Energy generation from 
water currents 

n.a.3 n.a. n.a. 

Hydrogen refueling 
infrastructure 

n.a. n.a. n.a. 

A corridor of modular 
docking stations for 
energy containers 

- CAPEX subsidies (EUR) 
- CO2 taxes (EUR) 
- Clean fuel subsidies (EUR) 

n.a. n.a. 

Battery Storage and 
Smart Management of 
Green Energy in terminal 
operations 

- Cost of electricity 
(EUR/kWh) 

n.a. The main goal of implementing this innovation will be to 
reduce the cost of electricity on the terminal by 
generating and consuming green energy. Driving the 
need for transferability includes the reduction of the costs 
of electricity, peak shaving, and creating power limitations 
not to overload the local energy grid. 

 
 
 
 
 
 
 
 

 
3 Not applicable 
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6.2 Sustainable port design  
Table 11: Sustainable Port Design - Source: Own composition 

Demo Business-economic PI Socio-economic PI Explanation 

Hydrogen heating for 
buildings 

- Thermal heat 
recuperation (kW) 

- Installation cost green 
energy production 
(EUR/kW) 

- Cost of Hydrogen 
(EUR/kW) 

- Green energy 
production (kW) 

The innovation related to hydrogen heating for buildings 
is related to retrofitting the traditional heating system with 
a heating source fed by green hydrogen produced on-
site.  

Local resource recovery 
for green, circular 
concrete 

- Delta transport costs 
(EUR) 

- Cost of 
purification 
(EUR/ton) 

- Cost of landfill 
(EUR/ton) 

- Effect of digging 
on the ecosystem 
(EUR/ton) 

The discussed performance metrics are evolving since 
transport costs are soaring. Additionally, fewer ships are 
available over time to transport sand aggregate from the 
Rhine area towards Antwerp due to the price elasticity of 
coal transport, which has a higher return than sand. The 
soaring Belgian electricity costs are negatively impacting 
the cost of purification, resulting in higher purification 
costs.  

Green straddle carriers - Hydrogen infrastructure 
cost per straddle carrier 
(EUR) 

- Cost of Diesel (EUR – 
EUR/liter) 

- Cost of hydrogen (EUR – 
EUR/liter) 

n.a. Trends worth mentioning are that during the testing 
phase, refueling time could be reduced to seven minutes 
(previously estimated to be 20 minutes), increasing the 
feasibility and the reduction in cost per kilogram of 
hydrogen.  
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- Straddle carrier 
installation cost (EUR) 

- Efficiency (kWh/kg) 
- Storage capacity (kg) 

Electric green last mile - Uptime (hrs) 
- Capability of handling all 

types of containers 

- GHG emissions 
per kWh (gr. CO2) 

n.a. 

 

6.3 Modal shift 
Table 12: Modal Shift - Source: Own composition 

Demo Business-economic PI Socio-economic PI Explanation 

(a) IT Platforms for 
planning multimodal 
transport – Multimodal 
Inland Planner (MIP) 

- Number of different users 
using the tool per month 
(#) 

- Increase of number of 
route searches per month 
(%) 

- Increase of dashboard 
views per month (%) 

- Increase of booking new 
rail and barge services (%) 

- Increase of new rail/ 
barge services scheduled 
(%) 

- Reduction of average time 
container in port (%) 

n.a. n.a. 
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(b) IT Platforms for 
planning multimodal 
transport – Rail platform 

- Average delay (hrs) 
- Average duration 

standstill wagon (hrs) 
- Wagons per day (#) 
- Ergonomics of information 

system (EUR derivative of 
labor cost) 

n.a. n.a. 

Realizing a modal shift in 
the commute of port 
employees 

- Modal shift (%) n.a. Achieving a modal shift towards public transport and 
environmentally more friendly ways of coming to work 
depends on time and distance.   

Cargo Flows Optimisation - Barge occupancy (%) 
- Planning time barge (hrs) 
- Energy cost/ ton (EUR) 

n.a. n.a. 

Multimodal access to 
port using a MaaS 
platform 

n.a. n.a. Over time there will be an increase in utilization and 
number of Mobility-as-a-Service platforms that will act 
locally. Nevertheless, a higher level of integration can be 
obtained due to regulations that will increase trust 
because this local spread of platforms is not sustainable 
when large quantities of international clients/ passengers 
opt for its utilization. No additional performance metrics 
are noticeable. 

Cargo flow prediction Same as MIP n.a. n.a. 
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6.4 Digital transformation 
Table 13: Digital Transformation – Source: Own composition 

Demo Business-economic PI Socio-economic PI Explanation 

Automated container 
shuttle solutions for port 
operations 

- Charging time (hrs) 
- Time/ distance to 

recharge (hrs/km) 
- Human interventions for 

safety (#) 
- Average number of stops 

(#) 
- Average speed (km/hr) 

n.a. n.a. 

Automated vessels - # ships fully autonomous 
- # ships still with captain 

n.a. n.a. 

Vessel traffic 
optimization 

- Fuel consumption (L) 
- Acceptance rate (%) 

n.a. Within PIONEERS, this demo is focused on container 
terminals. Bulk and other terminals are extensions that 
will not be developed during PIONEERS. 

Maritime 5G for 
intelligent vessel location 

- Key occupancy (%) 
- Operational speed (knts) 
         In port 
         Outside port 
- Fuel costs (EUR) 
- # accidents – Av. Cost per 

accident (EUR) 

n.a. n.a. 
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Containers transport 
forecast 

- SMEs using the tool per 
month (#) 

- Increase in dashboard 
views per month (%) 

- Increase in routes 
assigned per month (#) 

- Number of combined 
import and expert 
transport orders per week 
(#) 

n.a. n.a. 

Digital twin - Number of data sources 
(#) 

- Number of what-if 
scenarios (#) 

- Ports functions covered 
(#) 

- Number of software 
modules (#) 

n.a. The twin acts as a decision support system, making 
decisions better and faster, reducing the time and cost(s) 
indirectly with one of the use cases defined within 
PIONEERS – i.e., vessel traffic optimization, CO2 mapping, 
and logistics mapping. 

 



 

D9.1: DETAILED REQUIREMENTS FOR THE ASSESSMENT METHOD   56 

7. Results 
The goal of the report is to get insights into the requirements and the correlating data needs by 
identifying performance indicators as a basis for the further development of an assessment 
model in 9.3 (Development of assessment method framework). The output of the desk research 
has, in turn, resulted in a static framework that gives an overview of different parameters relevant 
to the industry without the insights of industry leaders and experts. Therefore, expert interviews 
were held to validate– i.e., adding or removing performance indicators relevant to the 
demonstrators' assessment. Internal (i.e., demo leaders) stakeholders were consulted during this 
validation phase. The results hereof were combined in a diagram found in Tables 14 and 15 that 
merges all the relevant insights on a pillar level, with a division into three categories – i.e., 
Operational, Tactical, and Strategic. The framework will be adjusted throughout D9.3 to assess 
the demonstrators' impact to evaluate the transferability towards other port environments.  

The operational indicators are relevant to the pillars and the individual demonstrators 
within PIONEERS. These indicators assess the operational performance of the demo in practice, 
which will allow the gathering of demo-specific data necessary for the overall assessment within 
PIONEERS.  

The tactical performance indicators are not specific to one of the pillars or innovations but 
represent an aggregation of all the operational indicators of the active demos in the PIONEERS 
project. Since this is an overarching layer of performance indicators influenced by many factors, 
these are always expressed in a monetary value (EUR) to allow comparison between projects and 
demonstrators.  

The strategic key performance indicators represent the select group that will influence 
the decision on whether to invest in the demonstrator from an external point of view. These key 
performance indicators are influenced bottom-up, giving explanatory power through the 
operational and tactical (performance) indicators. Allowing to get a complete overview of the data 
needs and the correlating mutual influences.  

With the uptake of the framework as-is, two sides are taken into account – i.e., the 
business-economic side and the socio-economic side. The business economic side assesses the 
feasibility of investing in the innovations financially. In comparison, the socio-economic side will 
give insights into the reduction or potential augmentation of the socio-economic costs that come 
with implementing the innovation, linking with the EU green deal and the goals put forward by 
2030 and 2050. Hereby stating that the business-economic side will always impact the socio-
economic side and vice versa.  
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Table 14: Overview business economic performance indicators – Source: Own 
composition 
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D9.1: DETAILED REQUIREMENTS FOR THE ASSESSMENT METHOD   59 

 
 
 
  
 
 
 
 
 
 
Table 15: Overview socio-economic performance indicators – Source: Own composition 
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8. Conclusion 
From the preceding, it becomes clear that the data needs that flow from the identified 
performance indicator framework are well specified and include needs, even on an operational 
level. This framework will indicate the impact of the individual innovations, excluding any port-
specific conditions that might pose a barrier or allow for more straightforward implementation.  

Consequently, the interdependency of the different performance metrics needs to be 
researched to assess the interrelations between the different levels of performance metrics (i.e., 
operation, tactical and strategic). Causal relations need to be defined in relation to the port-
specific conditions to adjust for co-transferability and the potential for synergies. These relations 
are yet to be researched but will be followed up in D9.3 with the development of the assessment 
model. It will utilize the baseline scenario developed in D9.2 to determine the net benefits of the 
innovations. D9.3 will quantify the impact of implementing the innovation in the port area. This 
framework, in turn, will be utilized to quantify the different innovations within the demonstrating 
port in D9.4 and the transferred port(s) in D9.5.  
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10. Annexes 
 
Costs related to the installation of a battery energy storage system (figure 12). These include: 
(Mongird, Viswanathan, Alam, Vartanian, & Sprenkle, 2020): 
 
Capital costs: 
a. Storage System (EUR/kWh): 

• Storage Block (SB) (EUR/kWh): this includes the battery module, rack and battery 
management system. This cost is relatable to the costs made for an electric vehicle (EV) 
pack price.  

• Storage Balance Of System (SBOS) (EUR/kWh): these costs include the components 
necessary to support the battery – i.e., cabling, switchgear, flow battery pumps, and so 
forth. 

b. Power equipment (EUR/kW): includes the bidirectional power converter, isolation protection, 
Alternating Current (AC) breakers, relays, communications interface, and software.  

c. Controls and communication (EUR/kW): the energy management system that operates the 
Energy Storage System (ESS). This cost is typically fixed but scalable with respect to the 
power generated, still independent of the duration. 

d. System integration (EUR/kWh): the price the system integrator charges to integrate all the 
different components into one.  

e. Grid integration (EUR/KW): the costs associated with integrating the Battery Energy Storage 
System (BESS) to the grid, including transforming costs and so forth. 

 
Operating costs: 
a. Fixed operations and maintenance (EUR/kW – year):  Applicable to all the costs necessary to 

keep the energy storage system operational throughout its economic life – this does not 
fluctuate based on the energy throughput.  

b. Basic variable operations and maintenance (EUR/MWh): includes usage impacted costs 
associated with non-fuel consumables necessary to operate the storage system throughout 
its economic life. 

c. Round Trip Efficiency (RTE) loss(es) (EUR/kWh OR %): these are the losses that occur due to 
storage. This is metered by comparing the energy discharged to the net with the energy 
received from the net.  

d. Warranty (EUR/kWh): all the fees applicable to assure the performance during the 
designated lifespan.  

e. Insurance (EUR/ kWh): fees to cover known and unknown risks.  
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Decommissioning costs:  
a. Disconnection (EUR/kW): costs that occur when you want to remove the ESS from the grid.  
b. Disassembly/ removal (EUR/kW): costs for removing the ESS from the perimeter – disposal 

or recycling. 
c. Site remediation (EUR/kW): costs associated with returning the perimeter to a brown or 

greenfield.  
d. Recycle (EUR/kW): costs associated with recycling the (B)ESS.  
 
Performance metrics:  
a. Cycle life (#): the amount of times an ESS can be charged and discharged. 
b. Calendar life: the maximum life of the system regardless of operating conditions. 
 

Figure 15: The relevant cost structure for batteries - Source: (Mongird, Viswanathan, Alam, Vartanian, & Sprenkle, 
2020) 
 
 
 


