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Thisreport constitutes theD3.1deliverableof the AUTOFLEX project, whichis based onthe

tasks 3.1, 3.2, and 3.3 of the project,asoutlined in section1.3.The deliverableis a

conceptualization report describing theconcepts ofStow&Chargehubs, Temporary port

terminals, andMobile Distribution Centresdevelopedwithin these tasks.The reportincludes

the design choices and how these have been made based on requirements, logistical

performance, anddiscussionsboth within the project group andwith advisory board

members.It also includesthe identińed requirements related to the concepts,relevant

regulatory challenges and needs for approval. 

The temporary port terminal (TPT) concept has been developedas a solution fortransferring

cargo over berths that are currently not equipped for cargo handling.Candidate berths have

been identińed and studied as part of the concept development.The candidate berthswere

identińed by investigatingpopulation density androad trafńc intensity, to ńnd the areas with

high external cost impact.Thewaterway alternatives to theroadtrafńc intense corridors

were identińed, and thenthe areas along these waterwayswith high density of potential

customers. Finally, a gap analysis was done todistinguishthe un-and under-utilized

waterways from those with existing transport services, leading toa reduced set of potential

transport customer clusterswhich were scrutinizedto ńnd concrete potential TPT locations.

The keyfunctionalitiesofTPTs havebeen derived from theidentińedpotential TPT locations,

anda set of possibleways to realisethe functionalities have been proposed.The result is a

modular concept making it possible to adapt a TPT to local conditions andtransport demand. 

The combined energy and cargo hub, theStow&Charge(SCH) concept has been developed and

is a cargo hub that connects electric trucks and inland vessels, provides efńcient transfer

between the modes, and supplies electricity produced at the hub. Produced energy is stored

in battery containers (ZES packs), which can be loaded onto vessels or be the energy source

for charging vessels and trucks. The required infrastructure has been mapped, and a terminal

layout has been investigated to identify areas where solar and wind farms can be installed,

without interfering with cargo operations.Production and capacity requirements have been

consideredin the investigationsto ensure that electric trucks and inland vessels operating

froma Stow&Chargeterminal can be supplied with electric energy.A total of 28 locations

have been evaluated, and a recommendation for the most suitable terminals is provided. 

TheMobile Distribution Centre (MDC)concept has been developedin order to open up a

market segment currently unavailable to inland waterway transport(IWT), i. e., less-than-

vessel(LVL)loads. With the help of a novel transport equipment unit, the distribution of

individual consignments is to be realised. As thesmall, Ņexible, automated, zero-emission

(SFAZ)inland vessel of the project is designed for the container transport case, an ISO

container has been selected as the base form with which individual consignments of a

customer can be transported, transhipped, stored at designated locations, and provided for

comfortable and swift collection from there. Such locations can be existing port terminals but

also additional locations along the waterway, including city centres,industrialparks, and

further TPT locations.The MDC concept was developed through a structured approach based

on workshops, stakeholder interviews, and surveys.This process ńrstidentińed a set of high-

level concepts and ideas, which werescrutinizedand reduced to the most promising concepts.

These were further developedintodrafts that were once morescrutiniseduntil a ńnal MDC
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concept was chosen.This ńnal concept was developed in detail and realised in the form of a

hybrid demonstrator with both physical and virtual features. 

Theoverarching motivation for the work presented in this deliverable is to reduceroad

transportand foster the attractiveness of IWTas a measure to reduce greenhouse gas

emission specińcally, and external costs in general.The idea for achieving this has been to

extend the reach of inland waterway transport services into smaller un-and under-utilized

waterways.To achieve this, strengtheningsmall and medium-sized ports (SMP)has been

identińed as a key to success, andbecauseone of the main challenges forSMPsis limited

ńnancialstrength,reducing investment risk has been an important design criterion.The

proposedSCH, TPT, and MDCconceptsdeliveron this throughbeing modular, which enables

scalability and adaptability, making it possible to start small and grow, andto relocate assets

if market conditions changes. 
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Abbreviation  Description  
ĳ/kW Euro per kilowatt  

ĳ/kWp Euro per kilowatt peak  
ĳ/m² Euro per square meter 

AAB  AUTOFLEX Advisory Board  
a-Si Amorphous Silicon  
AUTOFLEX  Autonomous small and Flexible vessel 
BoL Beginning of Life  (battery condition)  
CAPEX Capital Expenses 
CdTe Cadmium Telluride  
CEMT Conférence Européenne des Ministres des Transports 
CIGS Copper Indium Gallium Selenide 
DFDS Det Forenede Dampskibs-Selskab 

EoL End of Life (battery condition)  
FCL Full container load  
FPV Floating Photovoltaic  
FTL Full truck load  
FVL Full vessel load 
GT Gross Tonnage 
GW Gigawatt  

GWh/a  Gigawatt hour per annum  

Ha Hectare 10.000 square meters 
ISPS International Ship and Port Facility Security Code  
IWT  Inland Waterway Transport  
km/h  Kilometres per hour  
kW  Kilowatt  
kWh  Kilowatt hour  

kWp  Peak Power (Kilowatt peak) 

LCL Less-than container load  
LFP Lithium -Iron -Phosphate 
LTL Less-than truck load  
LVL  Less-than vessel load 
m Meter  
m Meter  

m/s Meter per second 

m² Square meter 

MCS Megawatt Charging System 
MDC Mobile Distribution Centre  
MSOA Modal Shift Opportunity Area  
MST Modal Shift Targets  
MW  Megawatt  

MWh  Megawatt hour  

MWp  Megawatt peak  

OPEX Operational Expenses 
PV Photovoltaic  
SCH Stow&Charge Hub 
SFAZ Small, Flexible, Automated, Zero-emission  
SMP Small-to-Medium Port  
SMP Small Medium sized Port 
SOTA State-of-the-art  
SRP Schottel Rudder Propeller 
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TCO Total Cost of Ownership  
TEU Twenty -foot Equivalent Unit  
TPT Temporary Port Terminal  
USD United States Dollar 

WP Work Package 
WTE Water -to-Energy 

ZES Zero Emission Services 
ZESpack Zero Emission Services battery container 
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The AUTOnomous Small and FLEXible vesselsģproject (AUTOFLEX)is a Horizon Europe

funded project that targetsexpansion of waterway transport into small and underutilized

canals. Theprimary goal is to develop technology and concepts that enables amodal shift

from road transport to zero-emission inland waterway transport(IWT).The project

approaches this problem fromseveral angles. 

Firstly,highly populated areas, such astheRandstadregion in the Netherlands(seesection2.1

), are connected bya densewaterwaynetworkand could beserviced by vessel transport.

However, these waterways have little to notrafńc related to cargo transport, while road

trafńcis intense with signińcant congestion challenges. The main reason is that these

underutilizedwaterways are small (CEMT 2-3), andthere is currently no business case for

operating cargo services on them. The project approaches this issue bydeveloping small

(CEMT 2) uncrewed battery-electric vessels. These vesselsare designed,by exploiting the

increased design freedom from having no crew onboard,toobtain higher containercapacity

than traditional designs[1]. Furthermore,as the vessels are uncrewed and operated from a

remote operation centre,they will achieve reduced operating costs and increased operating

time. 

Secondly,having vessels that offer increased efńciency in terms of cost and timecreates

opportunities. However, a successful business case for a transport service on these small

waterways dependson more thanpromising vessel designs.In addition,an efńcienttransport

systemis needed, and this is the scope of AUTOFLEX work package 3. 

мΦн  ²hwY t!/Y!D9 оΥ 59±9[htLbD !¦¢ha!¢95 a¦[¢Lah5![ 
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As there arelittle tonowaterbornetransport serviceson theCEMT 2 waterwaysof

AUTOFLEX Use Case 1(section2.1)today, there is also alack of transhipment and energy

infrastructure. Furthermore, a part of the truck transport, which is desirable to move to

waterborne transport, is part loads (i.e., not full container loads).Work Package 3: Developing

automated multimodal zero-emission Transport Systemsaims to addressthesekey gaps in the

realisation of efńcient zero-emission transport systems,by developing the necessary

infrastructural and operational components. Central to this vision is the establishment of a

multimodal transport framework that minimizes reliance on conventional truck transport

for urban distribution, thereby reducing congestion and emissions in city environments. 

To support system design and deployment,Work Package3focuses on generating detailed

operational prońles for vessel conńgurations through the identińcation of representative

transport tasks on small inland waterways. A critical aspect of this endeavour involves the

conceptualisation of integrated energy and cargo hubs, aptly named ĨStow&Chargeĩ,tailored

to the specińc requirements of zero-emission logistics chains. In parallel,Work Package 3

explores the feasibility ofĨTemporaryPortTerminalsĩ(TPTs)as scalable, cost-effective

solutions for cargo transfer in underutilized or infrastructure-limited berths. Further

augmenting the logistics architecture,ĨMobile Distribution Centresĩ(MDCs) are introduced as
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mobile, adaptable components within the broader supply chain, aimed at enhancing the

Ņexibility and sustainability of last-mile delivery. These innovations are accompanied by a

systemic re-design of the transport network architecture, culminating in the implementation

of the holistic AUTOFLEX system. The integrated system will undergo rigorous validation to

assess its performance, reliability, safety, security, and resilience under real-world conditions.

Finally,Work Package 3also investigates the integration of renewable energy sources to

ensure that the electrińcation of transport aligns with broader climate and sustainability

goals, thereby reinforcing the environmental viability of the AUTOFLEX approach. 

мΦо  {/ht9 hC ¢I9 59[L±9w!.[9 

The scopeof this deliverable,AUTOFLEX [D3.1] Transport Concepts,includesthe

Stow&Charge, TPT,and MDC concepts developed within work package 3. The task

descriptions, as given in the Grant Agreement (framing theambitions for these concepts are

given in the following.The AUTOFLEX transport system, based on the concepts presented

herein, will be addressed in thesubsequentdeliverableAUTOFLEX [D3.2]Transport System. 

мΦоΦмΦ ¢!{Y оΦмΥ /ha.Lb95 9b9wD¸ !b5 /!wDh I¦.{ ό{¢h²ϧ/I!wD9ύ  

This task will develop a concept for a combined energy and cargo hub that connects electric

trucks and inland vessels, provides efńcient transfer between the modes, and supplies both

modes with electricity produced at the Stow&Charge hub. Produced energyis stored in ZES-

packs which can be loaded onto vessels or be the energy source for charging vessels and

trucks, etc. Zero-emission transport requires efńcient distribution of both cargo and energy.

The AUTOFLEX project focuses on battery electric energyas the means to provide ZEM

transport services. As there is an under-capacity in electric energy supply in Europe,

electrińcation of transport can only have a positive climate impact if it includes the

establishment of production of electric energy from renewable sources. Energy production

requires both space and investments, which could be provided by terminal owners and

operators like DFDS. 

Method:Terminal layout will be investigated to identify areas where solar and wind farms

can be installed, without interfering with cargo operations. The required infrastructure will

be mapped, and a layout developed. The logistical and performance analysis of Task 3.5 will

serve as input for production and capacity requirements to ensure that all electric trucks and

inland vessels operating from the terminal can be supplied with electric energy. 

The task has been completed asdescribed above, and the outcome is presented in chapter6. 

мΦоΦнΦ ¢!{Y оΦнΥ ¢9athw!w¸ thw¢ ¢9waLb![{ 

This task will investigate concepts for transferring cargo over berths that are currently not

equipped for cargo handling. Potential concepts have been studied by AEGIS, where the

inland vessel carries a tugmaster that is moved to land to perform the cargohandling, and

NOVIMAR, which developed a crane that can drive on and off the inland vessel while

carrying containers. Other possibilities for using such berths for cargo transfer include

transport of RoRo containers, investing in cargo handling equipmentat the berth, and new

business models for cargo handling as a service based on mobile cargo handling equipment

that is moved between locations. 

Method:The results from Task 2.1 will provide candidate berths for each use case. The

temporary port terminal concept will then be developed by ńrst establishing a set of possible
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solutions (including existing concepts), and by evaluating the application of the solutions in

the use cases by a cost beneńt analysis (where cost is traded off against logistical performance).

Requirements for permits and regulatory challenges such as related to ISPS will be mapped

and procedures for complying with these will be developed. 

The task has been completed as described above, and the outcome is presented in chapter56

.Notice thataccording tothe scope deńnition of[2]and[3], the AUTOFLEX vessel is not subject

to ISPS,which is why chapter56does not considercompliance to ISPS, but rather discuss

safety and security measures. 

мΦоΦоΦ ¢!{Y оΦоΥ ah.L[9 5L{¢wL.¦¢Lhb /9b¢w9{ 

This task will investigate concepts for Mobile Distribution Centres (MDCs), and study the

logistics related to these. Existing MDC solutions include LoLo and RoRo containers that are

converted to hold smaller standardised cargo units that are easily transferred to last mile

distribution vehicles. The MDCs are transported and placed in a central location for last mile

urban distribution. The MDCs are packed with smaller cargo units that can be loaded directly

unto small electric vehicles, such as in the KoMoDo project, for the last mile transport of the

parcels within the small cargo units. The task will study MDC concepts in terms of how they

can be distributed and placed, including how they are moved onto and from the vessels. It will

also be considered whether distribution from MDCs while they are onboard inland vessels is

a viable solution. 

Method:Workshops and stakeholder interviews will determine which mobile distribution

centre concepts are chosen for further studies, as well as for identifying potential changes to

the concepts to make them more efńcient. Furthermore, the logistics model will beexpanded

to include these concepts; an MDC model, a distribution demand model and an MDC packing

model will be added. Logistical simulation and performance quantińcation study will be

performed to validate the concept in Task 3.5. 

The task has been completed as described above, and the outcome is presented in chapter7. 

мΦп  ¢I9 !¦¢hC[9· ±9{{9[ 

The analysis of potential use cases, for Temporary Port Terminals (TPTsģsee chapter5) and

Stow & Charge hubs (see chapter6)strongly depends on the developed zero-emission

AUTOFLEX vessel and its operational prońles. The following section summarizes the vesselĦs

design characteristics, propulsion and energy systems, and typical operational patterns

within the deńned use cases. This information is essential for the determination of the energy

demand at terminals and for the deńnition of the requirements for combined energy and

cargo hubs, and for TPTs. 

The AUTOFLEX vessel[4]is a fully electric and unmanned CEMT II inland waterway vessel

developed specińcally for zero-emission operations along waterways in the Netherlands and

Belgium. Its compact dimensions, energy-efńcient hull form and modular battery design (see

Figure1-1) make it particularly well suited for regular corridor-based transport services,

where predictable energy demand and frequent terminal calls can be aligned with the TPT

and Stow & Charge concept. With an overall length of 55.00 metres, a beam of 6.60 metres

and a depth of 2.60 metres, the vessel ńts well within the standard operational envelope of

CEMT II waterway infrastructure, allowing unobstructed navigation through the majority of

locks, bridges and terminals in the Netherlands and Belgium. At a design draft of around
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1.93 metres, the vessel achieves a deadweight of 532.6 tonnes and provides capacity for up to

24 TEU arranged in a single cargo hold optimised for efńcient handling. 

 

Figure1-1: General Arrangement Plan of the AUTOFLEX Inland Container Vessel 

мΦпΦмΦ I9LDI¢ !.h±9 ²!¢9w ό!Lw 5w!C¢ύ 

The vessel dimensions will be taken into consideration when each location is analysed vis-à-

vis their relevance towards the TPT concept. Another important aspect, at least for some

potential TPT locations, is the vessel height above water (air draft). There are some areas

which have restricted access due to ńxed bridges limiting the maximum allowable vessel

height. The height above water for the AUTOFLEX vessel depends on the carried weight, and

on the placement of the battery container. If the ZESpack isplaced in the cargo hold, the vessel

TEU capacity is restricted to 20 TEU, but a height above water between 2.52 and 3.22 meters

can be achieved. If the ZESpacks are placed on the poop deck, as the design intends, the TEU

capacity will be 24 TEU, but the height above water will be between 3.82 and 4.99 meters,

depending on the loading condition, seeFigure1-2. 



 

  5 

[D3.1] Transport Concepts(PU)  Grant Agreement: 101136257 

 Funded by

the European Union

 

Figure1-2: AUTOFLEX vessel height above water for different loading conditions 
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The vesselĦs design aims to enable a zero-emission transport based on a modular energy

concept using a swappable electrical battery container (ZESpack)[5]. This approach reduces

the need for large integrated battery rooms and allows sufńcient energy exchange at

equipped terminals. The fully electric propulsion arrangement is realized by two 190 kW

Schottel SRP100/L azimuth thrusters[6]located in the aft body and a 110-kW bow thruster,

providing both propulsion and manoeuvring capability at service speeds of 8ģ12 km/h.

Together with the optimised hull geometry, this conńguration ensures low hydrodynamic

resistance and predictable energy consumption suitable for corridor-based logistics. The

internal arrangement of the vessel follows a clean and functional layout, with the central

cargo hold extending over most of the vesselĦs length. The upper deck is intentionally left

unobstructed tofacilitate container handling by gantry cranes or reach stackers, enabling

seamless integration into existing terminal operations. Reinforced coamings and a

straightforward deck structure ensure that the vessel remains compatible with standard

container-handling procedures despite its autonomous design intent. 

A key feature of the AUTOFLEX vessel is the installation of a standard 20-ft ZESpack on the

poop deck (seeFigure1-3). 
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Figure1-3: AUTOFLEX Inland Container Vessel with ZESpack on the poop deck 

This arrangement ensuring that the ZESpack remains outside the cargo area while

maintaining full accessibility for emergency response, maintenance and automated swapping

operations. 

Overall, the vessel has been developed considering the necessary Stow&Charge terminal

infrastructure (see chapter6). Its operational prońle, deńned sailing speeds, modular energy

storage and simplińed handling interfaces support an integrated approach to energy

distribution along the identińed waterway corridors. This builds the technical foundation for

the energydemand calculations, route analyses and terminal assessments developed within

chapter6. 

мΦпΦоΦ !¦¢hC[9· ±9{{9[ 9b9wD¸ /hb{¦at¢Lhb !b5 th{{L.[9 {!L[LbD w!bD9 

The overall energy consumption of the vessel is determined by the hydrodynamic

characteristics of the hullbased on model test investigations carried out by DST and

documented in Deliverable D4.3(seeFigure1-4). 
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Figure1-4: Speed-Power diagram of AUTOFLEX vessel 

Preliminary resistance and power calculations demonstrate that the required propulsive

power remains modest across the relevant operational speed range. At 7 km/h, the total

required power is approximately 21.7 kW, increasing to 28.1 kW at 8 km/h. At 10 km/h, which

marks as a sensible reference point for sensitivity analysis, the total energy demand rises to

roughly 50.4 kW. Thepowervalues include a constant service load of 10 kW, representing

the electrical demand of onboard systems such as navigation equipment, communication

systems, automation hardware and auxiliary converters. Since the vessel is going to operate

most likely within the range of 8-10 km/h, its daily energy demand remains well within the

capacity limits of a single ZESpack. 

From an operational perspective, the combination of moderate propulsion power

requirements and substantial onboard energy capacity results in sailing ranges that are well

aligned with corridor-based inland waterway operations. At an energy-efńcient operational

speed of 7 km/h, the vessel can cover approximately 840 km under BoL battery conditions

and around 646 km under EoL conditions using a single ZESpack. At 8 km/h, the achievable

range amounts to roughly 739 km (BoL) and 569 km (EoL). At the deńned service speed of 10

km/h, the operational range remains signińcant, reaching approximately 516 km under BoL

conditions and 397 km under EoL conditions (seeÿǍǩȺǸ ẁɳɳ)1. 

  

 

1BoL and EoL battery parameters are explained in chapter6.3.3 



 

  8 

[D3.1] Transport Concepts(PU)  Grant Agreement: 101136257 

 Funded by

the European Union

ÿǍǩȺǸ ẁɳɳṝ !ɅǍȺʳɾȡɾ ɐȒ ɳɐɾɾȡǩȺǸ ɾǍȡȺȡɅȓ ǱȡɾʌǍɅǪǸ ǱǸɳǸɅǱȡɅȓ ɐɅ ɾǍȡȺȡɅȓ ɾɳǸǸǱ ǍɅǱ ɳɐʭǸɶ 
ǸɾʌȡɃǍʌȡɐɅɾ 

Speed 

[km/h] 

P total 

[kW] 

Endurance BoL 

[h] 

Sailing range BoL 

[km] 

Endurance EoL 

[h] 

Sailing range EoL 

[km] 

5 14 185 923 142 710 

6 17 152 909 117 699 

7 22 120 840 92 646 

8 28 92 739 71 569 

9 37 69 625 53 481 

10 50 52 516 40 397 

11 68 38 420 29 323 

12 92 28 340 22 261 

13 124 21 272 16 210 

14 167 16 218 12 168 

15 222 12 176 9 135 

16 283 9 147 7 113 

 

These values are derived for calm water conditions. A conservative canal margin of 5% has

been applied to the total propulsion power demand to account for typical inland operational

inŅuences such as shallow-water effects, wind loads, etc. While the results represent idealized

performance estimates, they provide a robust indication that the vessel can reliably service

the targeted inland corridors with a single ZESpack, particularly when intermediate charging

or automated battery swapping is available at strategically located Stow & Charge terminals. 
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The motivation forcreatingthe AUTOFLEX projectwastocreateinnovations that may

contribute tothe EU ambition ofshiftingsubstantial parts ofroad freight to waterborne

transport[7].Achieving thisambitionrequires targeting the major freight Ņows ofEurope

and investigating how they could be shifted from road to water.Road freight Ņow intensity

relates to populationand industrydensity; where there are many peopleand/or factories

there is also a high consumption of goods.Following this logic, the AUTOFLEX project deńned

Use Case 1as presented in section2.1. 

Another important EU ambition is to transition to green energy, asoutlined by the European

GreenDeal[7].Toachievethis transition in the transport sector,it will be necessary to have

production and supply of green energy in centraltransport systemnodes.The AUTOFLEX

projectUse Case 2(section2.2)was deńned to study this problem. In addition,Use Case 2was

formed to be the basis for the project demonstration of autonomous navigation. 

нΦм  ¦{9 /!{9 мΥ ¢I9 /hbD9{¢95 wh!5{ Lb ¢I9 b9¢I9w[!b5{ 

The Netherlands ranks among the most densely populated countries in Europe, with urban

regions such as Rotterdam, The Hague, Utrecht, and Amsterdam exhibiting particularly high

population densities.These cities are interconnected by the nation's most heavily trafńcked

motorways. Notably, the A13 corridor between The Hague and Rotterdam records an average

daily trafńc volume of approximately 140,000 vehicles, making it the busiest motorway in

the country. Following closely are the A10 (encircling Amsterdam) and the A12 (connecting

Utrecht and The Hague). At the provincial level, Utrecht experiences the highest trafńc

intensity, followed by Zuid-Holland (which includes Rotterdam and The Hague) and Noord-

Holland (encompassing Amsterdam, IJmuiden, and Haarlem). 

This region also forms a critical segment of the Trans-European Transport Network (TEN-T),

specińcally the North SeaģBaltic corridor, which traverses the area via the A13 and A4

motorways and the major inland waterways connecting Rotterdam, Utrecht, and

Amsterdam. Running in parallel to these congested highways is a dense network of minor

inland waterways extending into urban centres. Three principal north-south routesĤ

referred to as ĨveinsĩĤcan be identińed within this network. The eastern vein comprises

CEMT class VI canals linking Rotterdam, Utrecht, Amsterdam, and IJmuiden. The central vein

includes CEMT classes V through II connecting Rotterdam and Amsterdam, while the

western vein consists of CEMT class II canals serving Rotterdam, Delft, The Hague,Leiden,

Haarlem, and IJmuiden. Additional branches connect these main arteries and extend into

cities, with classińcations ranging from CEMT III to I. Presently, substantial cargo trafńc is

conńned primarily to the eastern vein, whereas the western routes are dominated by

recreational vessels and lack commercial freight activity. 

нΦн  ¦{9 /!{9 нΥ ¢I9 DI9b¢ ½9whπ9aL{{Lhb ¢9waLb![ 

The regions surrounding Rotterdam, Antwerp, and Ghent serve as critical nodes in European

freight logistics, with substantial volumes of cargo transiting through these corridors. These

areas are also extensively covered by major inland waterways, which already support a

signińcant share of freight transport. Nonetheless, opportunities remain to further increase
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the modal share of waterborne transport. Presently, inland waterway freight in this region is

predominantly handled by large, fossil fuel-powered vessels (CEMT classes IVģVI) serving

major inland ports. Transitioning to zero-emission vessels is essential for mitigating the

environmental impact of this transport activity. Furthermore, integrating such vessels into

local and regional distribution networksĤas explored in Use Case 1 (UC1)Ĥis necessary to

reduce reliance on road-based transhipment and last-miledelivery. A related challenge

concerns the mismatch between renewable energy supply and demand, compounded by

signińcant Ņuctuations in grid load, which creates additional barriers to the electrińcation of

transport systems. 

Use Case 2 (UC2) aims to address these challenges through the development and

demonstration of the Stow&Charge conceptĤmultifunctional hubs designed to enable both

renewable energy supply and efńcient multimodal cargo transhipment. These hubs will serve

as key infrastructure within a zero-emission transport system, supplying energy to electric

vessels and vehicles while facilitating intermodal cargo transfers. The strategic placement of

Stow&Charge hubs and their integration into the broader transport network will be

investigated, with a focus on energy grid services and load balancing in coordination with

UC1. 

Additionally, theUC2 is the basis for the project demonstrator, which is not in scope for this

report. 
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The innovations presented in this deliverable aretargetingthree main barriers to shifting

freight Ņows from road to inland waterways.These barriers were discussed in detail inthe

paper[8], which isa result fromthe workwithinAUTOFLEX WP3. The following sections

will present a summaryof theinsights gained through the literature review of[8].The

literature reviewapproached the problem of decarbonising shipping and logistics through the

Ĩ5-leverdecarbonisation frameworkĩ[9], from which it focused on freight demands(further

concretised as freight concentration), zero-emission energy, and asset utilisation. 

оΦм  ah5![ {ILC¢ ¢h²!w5{ wh!5 ¢w!b{thw¢Υ 9/hbhaL9{ hC 
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The ńrst part of theliterature review of[8]investigated how economies of scale hasledto

cargo centralisation and a shift towards road transport.The ńrst observationmade in[8]was

thatthelong-term trendof pursuinglower transport cost per unit,has ledto increasingly

larger ships.These Ĩmegashipsĩ depends on high utilisationto be viable, i.e., tobe cost-

efńcient.This creates an economic pressure for ńllingthe mega ships, which in turn hasledto

strategic alliances betweencarriers,accountingfor roughly 90percentof global TEU, as no

single carrier could meet customer demands and ńll the mega ships alone.A consequence of

thisis reduced market diversity,with potentialnegative impacts on competition and

marginalisation of smaller actors. 

A second observation made in[8]was thatthemega ships has led toa cargo concentration to

a limited set of globalmega ports.Onlyports with sufńcient ńnancial capacity, and space,has

been able to keep upwith theheavy investments needed toprovide the required

infrastructure and services tosupport the mega ships.Another cause of the cargo

concentration was found to be related to the high operational costs of the mega ships, leading

to a need to keep the number of port calls at a minimum.Thisfurther marginalisessmaller

ports andregions, omitting them from their routes, even if they could accommodate port calls

for the mega ships.The resultis cargo andshippingroute concentration, creating a systemic

dependency to a few mega ports. 

The third observation made in[8]was thatsmall-to-medium-sized ports (SMPs),such as inland

and regional terminals, struggles to remain viablein this context due to insufńcient ńnancial

resources.This leads to SMPs beingmarginalised, and as SMPs disappear,waterborne

alternativesreduce,andmega ports reliesincreasinglyon road transport for their connection

to hinterland.Which, in turn, leads to a modal shift away from inland waterways.The result

is a negative spiral wherethe infrastructural gapneededto be closedbySMPsto stay

competitive increases as the upgrades stays out of reach. 

The conclusion drawn in[8]is that these observationsare structural barriersundermining

European modal shift ambitions.The proposed solution is to reintegrate SMPsthrough

innovative terminal concepts that offer scalable and adaptable solutionsthat can revitalise

SMPs, especially along underutilised inland corridors.The AUTOFLEX project has researched

such solutionsand developed a concept that ispresented in chapter5. 
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The second part of the literature review of[8]investigatedthe role of ports intransitioning to

renewable energy inland waterway transport,while supporting the modal shift.The ńrst

observation made in[8]was thatshipowners will face barriersto transition tonew fuels if

ports are not proactively involvedto provideinfrastructure and supply, and facilitate

operational and regulatory conditions. Hence, ports were consideredcrucial enablers in

facilitating progresstowards emission free transportacross the supply chain. 

The second observation made in[8]was that ports have evolved frombeing mostly public

entities to quasi-private actors.This also means that they have to some extent shiftedfocus

from promoting regional developmentand providingaccessible infrastructure, to competing

toprovide theircommercialservices.Furthermore, ports are no longer just enablers oftrade

butare active participantsproviding energy (including renewable energy)andtranshipment

andinŅuences how sipping networks are formed.Ports are hence becoming business hubs

offeringservices to support the development of itself andeconomic activity in its region.This

has also ledto the idea of ports as energy hubsthat can produce, store and distribute

renewable energy.In fact, ports are positioning themselvesas renewable energy hubstogain

a competitive advantage.This includesbeing a testbed for sustainable technologies and

operations. 

The third observation made in[8]was that ports face a dilemmawhen transitioning to

renewable energy.Renewable fuelscome in many variants, with no clear winner(s) to date.

Hence, ports must choose between specialising in aspecińc type of renewable fuel or invest

in several options. The formerchoicereduces the require investment at the cost of limiting

the commercialcooperation with some ship operators, while the lattercomes at the cost of

high investments and possible port inefńciencies.This dilemma is magnińed by the chicken-

and-egg relation between ports and ship owners; both relies on the other to operationalise

new fuels. 

The fourthand ńnalobservation made in[8]was that SMPsfaceadditional challenges in the

transition to logistics and energy hubs.As they have lower trade volumesandweaker

ńnancial muscles,they lack the means toinvest in renewable energy for their own operations,

and for supply to ships and other vehicles.Hence, SMPs are trailing behind the mega ports

when it comes to transitioning to renewable energy.Another challenge is that SMPs often

share resources such as bunkering facilities and energy grids with nearby industry, making

their transition to renewable energy dependent onother stakeholders, preventingSMPs from

making independent decisions.Some SMPs have increased their cooperation with larger ports

to overcome these barriers, which might also beneńt regional industries on inland

waterways. 

The conclusion drawn in[8]is that the sector is being reshaped by ports transforming into

energy and logistics hubs. And that this is a determining factor for decarbonising supply

chains.However,SMPs are trailing behind in the transition to renewable energy,whichis a

challenge for regional economic equity. Furthermore, itis also a major challenge for

revitalising European IWT, a key to achievingthe climate and modal shift goals.The solution

proposed in[8]is to develop modular and scalableconcepts that combine energy production,

storage and delivery, with cargo handling.The AUTOFLEX project has researched sucha

solution, called theStow&Charge,which ispresented in chapter6. 
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The third and ńnal part of the literature review of[8]investigated transport waste from

suboptimal utilisation of cargo unitsand transport vehicles.The ńrst observation that was

made was thata signińcant part of European road transportdoes not exploit the transport

capacity of the vehicle, nor thecargo unit.By considering the weight capacity of theaverage

vehicle,the cargo unit capacity,the average load for non-empty trips, andthenumber of

emptytrips, the average system wide utilization is estimated at 59percent.It was noted that

some cargo has high volumecomparedto weight, making it impossible to exploit the weight

capacityof trucks or containersfully, leading to this estimate being inaccurate. Nevertheless,

it highlightsthat there aresignińcantinefńciencies in European freight transport. 

The second observation made in[8]was that underutilisation is also a problem in waterborne

transport.While accurate estimates are missing, empty container repositioningalone is

estimated at 15to20 billion USDannually for global shipping. The most signińcant cause of

this is the imbalance in trafńc Ņows. In addition,partially ńlled containers, or transport units,

known asless-than-containerload (LCL), isalso an issue inwaterborne transport. 

Thethirdobservation made in[8]was thatimprovedconsolidation, i. e.,increasedutilisation,

for both ships and transport units (trailers and containers), isneeded to mitigate transport

waste.Whichin turnwould reduce environmental impact of supply chains.However, this is

challenging becauseunlikeroad transport, which can adaptbetter to cargo Ņow imbalances,

waterborne transport depends on high and balancedcargovolumesto ensure high utilisation.

Achievingthis implies strategic placement of consolidation centres in the hinterland, where

largecargo Ņowsconverge.Furthermore,containers eligible for cargo consolidation would

have to be LCLs, and transhipment costs would have to bekept to a minimum.This is

challenging due to the poor coordination between IWT vessel and deep-sea terminal

operators today, which implies that structural changes are needed.In urban logistics,

municipalitiesuse ńnancial and regulatory measuresat timesto incentivize greener logistics

throughconsolidation centres, yet they remain poorly implemented. 

Thefourthand ńnalobservation made in[8]was that there are also some drawbacks to

consolidated transport.It complicatesjust-in-time (JIT) deliveries,delivery speed and

reliability might rule out service types such asĨsame-day deliveryĩ, and differences in value

and time-criticality might make consolidation of homogenous goods more feasible than for

heterogeneous Ņowsof goods. 

The conclusion drawn in[8]was that low utilisation oftransport capacities causes increased

emissions and costs.Whilecargo consolidationis important for sustainable transport,itoften

fails due toinfrastructural, temporal, and commercial challenges.The solution proposed in[8]

was that new consolidation conceptsenabling multiple transport costumers to share

segmented containers at the point of loading and unloading needs to be developed. The

AUTOFLEX project has researchedand developedsucha concept, and the results are

presented in chapter7 
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As discussed in chapter3,the overarching objective forthis deliverable is tocontribute to

decarbonization of shipping and logistics, throughaddressing threeareas of the Ĩ5-lever

decarbonization frameworkĩ[9].The identińedapproaches were to developthree transport

system components. First,a terminal concept that canreintegrate SMPs throughoffering

innovative,scalable and adaptable solutions. The AUTOFLEX project coined this concept the

Temporary Port Terminal(TPT), envisioned to be a lightweight, relocatable, minimal

investment terminal concept thattakes advantage of existing infrastructure such as

abandoned quays.Secondly, a terminal concept that integrates zero-emission infrastructure

and supply with efńcientcargo transfer. This is the AUTOFLEX conceptStow&Charge(SCH),

which is based on modules for energy production, storage and distribution, and for cargo

handling, as well as layouts for how such terminals could be constructed.Finally, a mobile

distribution concept thatcan combine transport, distribution and consolidation of part loads.

This is the AUTOFLEXMobile Distribution Centre(MDC)concept.Envisioned as atransport

unit that incorporates the features of parcel lockers used for distribution and consolidation of

parcels in urban environments. 

While the high-level conceptual ideas of the TPT,SCHand MDC, were developed during the

projectestablishment phase, it was necessary to study the potential real-life applications to

derive design requirements.This to ensure that the innovationsare designed to be efńcient in

their intended applications.The initial problem to solve was hence to identify the opportunity

areas where the innovations could have a positive impact on the core problem,namely the

climateimpact oftransport and logistic. As the project approach to this is to utilise waterways

that are currently not used forcargo transportto reduce road transport, it was necessary to

identifythewaterways that, if used, would have the greatest positive impact. 

The followingsub-sectionsidentińes where inland waterway transport (IWT) services could

most effectively absorb road-based freight volumesby identifying areas with potential modal

shift volumeswith noexisting services. This indicates either that existing terminals could be

used to shift transport volumes to waterborne modalities or as is more pertinent to this

deliverable, that new terminals could be developedģsuch as innovative terminal concepts

like the TPT. The assessmentdepartsfromidentifyingspatial concentrationsof external costs

as a result of population densities and regionalGross Domestic Product-GDP(A),advances

throughanalysis ofroad congestionpattens(B), the availability of apotentialwaterborne

alternativeto this congestion(C),the gaps in existing IWT services on these waterborne

alternatives(D), the potential modal shift customersthat could be interested in developing

servicesclosingthese gaps(E),and, ńnally, arrives atspecińc areaswhereTPT could be

deployed tousher an increased modal shiftģi.e. theModal Shift Opportunity Areas (MSOAs)

(F).This chapter extends the work within AUTOFLEX WP2[10]. 
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High external cost areas are zones where road-based freight transport imposes

disproportionate impacts due tocongestion. That is, areas with a combined relatively higher

populationdensityandeconomic activitycan be expected to have proportionally higher

external costs in terms of increased health-related costs from poor air-quality and production-

related costs from ineffective manhours spent idling in trafńc. 

Population distribution and regional GDP patternsof the Netherlandsshow that the

Randstad and the Dutch industrial belt dominate both demographic and economic activity,

seeFigure4-1andFigure4-2.Specińcally, higher population densities can be seen around the

larger Dutch cities of Amsterdam, Den Haag, Utrecht, Rotterdam, Haarlem, Tilburg,

Eindhoven and Groningen. This means that the Dutch population is predominantly living in

theRandstad:a Metropolitan Area (MA) which loosely translates to Ĩring cityĩ. It is a

polycentric conurbation thathas both the largest cities of the country (i.e. Amsterdam, Den

Haag, Utrecht and Rotterdam),as well as several medium-sized urban centres(i.e.Almere,

Delft, Dordrecht, Gouda, Haarlem, Leidenetc.).Although these cities do not have excessive

populations individually, the Randstad MA collectively accounts for over 40percentof the

national population, making it the fourth most populous MA in Europe after Paris, Madrid,

and the Rhine-Ruhr area[11], [12].Figure4-3conńrms this observation. 

In addition to its demographic signińcance, the Randstad MA contributes roughly half of the

NetherlandsĦ national income which underscores its socio-economic role within the country

[11], [12]. This is conńrmed byFigure4-2.Specińcally, the greater Amsterdam region displays

an exceptionally high regional GDP, with ca. 130billionEUR. This is around 1.5 times as high

as for the second and third highest regional GDPs in the Netherlands, namely the greater

Utrecht and greater Rotterdam areas with ca. 83 billion and 77 billion EUR respectively. Other

areas with noticeable regional GDPs are the greater Eindhoven area (ca. 46 billion) and the

greater Den Haag area (ca. 42 billion). In general, as can also be deduced fromFigure4-2, the

GDP of the Netherlands seems concentrated particularly in the Randstad MA(Amsterdam,

Utrecht, Den Haag, Rotterdam) with the area around Eindhoven following thereafter. 

Combining population density with regional GDP leads to thefollowingHighExternalCost

Areas(HECAs), as deńned inTable4-1and illustrated inFigure4-3: 

ÿǍǩȺǸ ẁɸɳṝ oȡȓț ǸʲʌǸɶɅǍȺ Ǫɐɾʌ ǍɶǸǍɾ ṵoM>!ɾṶ 
HECA1 Greater Amsterdam:Very high population and very high GDPmean

potentially immense external costs in the area in and around Amsterdam. 
HECA2 Greater Utrecht:High population and high GDPmeanpotentially high external

costs in the area in and around Utrecht (including Amersfoort). 
HECA 3 Greater Rotterdam:Highpopulation and high GDPmeanpotentially high

external costs in the area in and around Rotterdam (including Gouda) 
HECA 4 Greater Den Haag:Very high population density and above average GDPmean

potentially signińcant external costs in the area in and around Den Haag
(including Delft) 

HECA 5 Greater Eindhoven: Above average population density and above average GDP
meannoticeable external costs in the area in and around Eindhoven) 
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The next step is to identify the road corridors through which the heaviest amount of road

congestion, both freight-and citizen-related, can be observed as this will be a direct cause of

high external costs. Said differently, for the purposes of this deliverable, high external costs

are a direct result of a combined high population density, regional GDP and trafńc intensity.

To revert these high external costs, modal shift efforts should thus be specińcally targeted

towards shifting some of the applicable roadtransport to a waterborne transport modality. 

The main high trafńc intensity,Figure4-4,of the Netherlandsseemsto concentrate around

the Randstad MA areaģa perhaps not surprising ńndings given its high population density.

Particularly, the main roads between Amsterdam, Utrecht and Rotterdam appears to be

signińcantly challenged by high trafńc intensity. Hightrafńc can also be seen on the main

road between Rotterdam and, presumably, Antwerp, which passes through Dordrecht and

Breda, as well as the main road between Utrecht, ĥs-Hertogenbosch and Eindhoven. Similarly,

high trafńc can be seen between Utrecht and Arnhem, presumably extending towards the

inland ports on the Rhine-Rhur area, as well as between Eindhoven, Tilburg, Breda,

Roosendaal and Bergen op Zoom. Other noticable congestion can be observed in the areas

around Alkmaar, Hilversum, Amersfoort, Apeldoorn and in the southeastern most region

around Roermond ad Utrecht (including between Utrecht and Eindhoven). 

Given that the highest external costs fromaggregatedroad trafńc will be seen in the HECAs,

the following Trafńc Intense Corridors (TICs) have beenidentińed, seeTable4-2andFigure

4-5. 

ÿǍǩȺǸ ẁɸɴṝ ÿɶǍɅɾɳɐɶʌ uɅʌǸɅɾǸ >ɐɶɶȡǱɐɶɾ ṵÿu>ɾṶ 
TIC1 AmsterdamģDen HaagģRotterdam 

One of the worst congested roads in the Netherlands passing through three
HECAs, including the most crucial HECA around Amsterdam. 

TIC2 AlkmaarģAmsterdamģUtrechtģEindhoven 
Similar to TIC1, this is very congested corridor, particular between Amsterdam
and Utrecht, which passes through the three HECAs of Greater Amsterdam,
Greater Utrecht and Greater Eindhoven. 

TIC3 RotterdamģUtrechtģArnhem/Nijmegen (towards Rhine-Ruhr) 
Similar to TIC1 and TIC2, this is one of the worst congested areas in all of
Netherlands and constitutes the last Ĩsideĩ of a severely congested Ĩtriangleĩ
within the Randstad MA (between Rotterdam and Utrecht). The corridor
further extends towards the Rhine-Ruhr area, passing by Arnhem and can be
expected to have a large proposition of heavy freight trafńc. 

TIC4 RotterdamģBreda (towards Antwerp) 
A highly congested road corridor between two of the largest seaports of Europe:
Rotterdam and Antwerp. This further puts a lot of external costs pressure in
cities such as Dordrecht and Breda and the greater Rotterdam HECA. 

TIC5 EindhovenģTilburgģBredaģBergen op Zoom 
The last highly congested road corridor, which although less congested than the
previous four severely congested arteries, still displays alarmingly high
congestion numbers given that it passes through the highly populated Tilburg
and Eindhoven cities as well as the HECA5 area around greater Eindhoven.
Furthermore, given that a high proportion of this trafńc is likely freight
transports between the port in Bergen op Zoom and the industrial area of
Eindhoven, it may be an opportune corridor for modal shift. 
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Figure4-4Trafńc intensity on road (all vehicles) 
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In this step,the investigation targets the identińcation of waterways that couldrelievethe

congested roadsindentifeid in the previous step (the TICs). This requiers waterwaysthat are

near, preferably paralell, to the TICs, and which provides the same connections as the road

network.Fortunately, the Dutch waterwaysprovideadense and multi-scalecanal network

(seeFigure4-6). With this extensive coverage of canals throughout the contry,alternative

waterborne routsto the strained road systemscan be identińed.Through matching each

trafńc-intense corridor(TIC, seeFigure4-5)with existing canals (seeFigure4-6),one or more

waterborne alternativecorridors, deńned as WACs, are identińed as giveninTable4-3and

illustrated inFigure4-7. 

ÿǍǩȺǸ ẁɸɵṝ ğǍʌǸɶǩɐɶɅǸ !ȺʌǸɶɅǍʌȡʬǸ >ɐɶɶȡǱɐɶɾ ṵğ!>ɾṶ 

WAC1 Provides relief for TIC1. 
Consists of two waterborne routes between Amsterdam and Rotterdam: 
ĭŸ SchipholŸ Alphen a/d RijnŸ Gouda (CEMT IIIģV) 
ĭŸ HaarlemŸ LeidenŸ Den HaagŸ Delft (CEMT II) 
(Alphen a/d Rijn and Leiden are connected by a bypass that ensures resilience) 

WAC2 Provides relief for TIC2. 
AlkmaarŸAmsterdamŸUtrechtŸĦs-HertogenboschŸEindhoven. 
Varying CEMT classes (IIģVI) create segmentation opportunities, where larger
vessels feed hubs and smaller vessels distribute into lower-class waterways. 

WAC3 Provides relief for TIC3. 
Two high-capacity routes: 
ĭ RotterdamŸUtrechtŸArnhem 
ĭ RotterdamŸDordrechtŸTielŸNijmegen 
Both connect to the Rhine-Ruhr hinterland. Domestic potential is modest, but
consolidation for seaport access is highly relevant 

WAC4 Provides relief for TIC4. 
RotterdamŸMoerdijkŸBergen op ZoomŸAntwerp (CEMT VI). 
Critical for international Ņows; domestic modal-shift potential is limited but still
relevant for intermediate nodes. 

WAC5 Provides relief for TIC5. 
EindhovenŸTilburgŸOosterhout with branches to: 
ĭ Moerdijk (northbound, CEMT V) 
ĭ BredaŸ RoosendaalŸ DintelmondŸ Bergen op Zoom (westbound, CEMT
IVģVI) 
This corridor reaches regions with no or limited existing service despite
signińcant industrial presence. 
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As many of the waterways of the Netherlands are already used for transportation, the

potential for shifting cargo Ņows from road to waterways lies in establishing transport

services on the un-or underutilized waterways. It is therefore necessary to classify the

sections of the established WACs into whether they represent a waterborne service gap

(WSG) or notģi.e. whether they do not have any existing waterborne container services

available (i.e. unutilised) or whether they already so have such service (i.e. utilised).Do

however note that although an area may have existing services, and thus do not classify as

unutilised, this is not to say that the waterways is not in some shape or formunderutilised. It is

beyond the scope of this report to estimateutilisationas a relative range (i.e. Ĩoverutiliedĩ,

Ĩunderutilisedĩ etc.), by which a clean cuthasbeen made betweenutilisedwaterways and

unutilisedwaterways.Furthermore, it is not within the objective of the AUTOFLEX transport

system to necessarily compete with existing IWT services; it is instead to compete with

existing trucking services. Consequently, it makes more sense to map where potential

roadborne freight volumes are not able to undergo modal shiftdue to the complete absence

of waterborne services today. 

Figure4-8shows the entire waterway network of the Netherlands, categorised on CEMT

classes, and the existing route network. Focusing on the WACs as identińed in the previous

section, a gap analysis mapping existing IWT servicesagainst the WACs,reveals where

waterwaycapacity exists but is not being used for freight transport.Said differently,

understanding which sections of which WACs remain unutilised can informus around

which TICs that can be addressed through developing new waterborne services in those

WACs (and where in those WACs).This leads to the identińcation of the waterborne service

gaps (WSG) summarized inTable4-4per WACand illustrated inFigure4-9.Interestingly,

across all corridors, unserved waterways are predominantly CEMT IIģIV, implying that Ņeet

availability and vessel design will be crucial for exploiting these areas.Therefore, the CEMT

II AUTOFLEX vesselhasbeen design with this in mind. 

To realise the objective of the AUTOFLEX project, theseunserved areasare the waterways

where a new AUTOFLEX transport system will have to be established. However, connections

to existing services is also important, hence the AUTOFLEX transport system will extend, to

some degree, beyond the unserved waterways. The concrete locations that should be

considered as candidate nodes in the transport system will be investigated next. 

ÿǍǩȺǸ ẁɸɸṝ ĆɅʔʌȡȺȡɾǸǱ ʭǍʌǸɶʭǍʳɾ ǩʳ ğ!> 

WAC1 Largely unutilised except for RotterdamģAlphen a/d Rijn. The remaining
network consists mostly of CEMT IIģIII waterways, which may require
specialised small-vessel operations. 

WAC2 Mostly served except: 
ĭ AlkmaarŸAmsterdam (CEMT IVģV) 
ĭ VeghelŸEindhoven (CEMT II) 
These ends of the corridor represent primary opportunities. 

WAC3 Well served by large-vessel IWT operations. Unutilised potential lies mainly in
small-waterway feeders or consolidation services into Rotterdam/Moerdijk. 

WAC4 Well served by large-vessel IWT operations. Unutilised potential lies mainly in
small-waterway feeders or consolidation services into Rotterdam/Moerdijk. 

WAC5 Underutilised except TilburgŸOosterhout. 
Eindhoven, Breda, Roosendaal, Dintelmond and Bergen op Zoom show
extensive unused potential. 
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As discussed, realising the modal shift implies the establishment of a waterborne transport

network reaching into the unserved canals and areas identińed in the previous section(s).

However, to determine which locations would actually beneńt from a connection to this

network, it is necessary to investigate the demand for transport.Potential demand for new

IWT services depends on clusters ofconsignees, consignoors and Shippersin a broader sense

(e. g.,distribution centres and 3PLs etc.)that could realistically consolidate volumeswhile at

the same time relieving congestion issues for citizens. Therefore, landuses, i.e. classifcations

that describe how humans use or manage a specińc area of land, has been investigated to

identify potential actors who may be interested in a waterborne transport modality: that is,

the modal shift candidates (MSCs).Thus,Figure4-10displaysthese landuse classińcations: 

- Residential areas in which exacerbated road congestion posits high external costs (vis-

à-vis earlier arguments), and are areas with particularly high relevance with regards

to establishing a modal shift transhipment service (i.e. a TPT) 

- Industrial, retail and warehouse areas which can be considered potential modal shift

customersģthat is, businesses which may be interested in innovative waterborne

transport servicessuch asdistribution and consolidation by MDCs, made available

through TPTs. 

- Farmland and greenhouse areas which potentially also could be considered as modal

shift customers. That is, while some food produce may be shipped in dry bulk vessels

(for commodities such as grain etc.), other food produce may be shipped in refrigerated

containers (for commodities such as fresh vegetables etc.). Thus, although the primary

focus of the AUTOFLEX transport system aims at servicing industrial actors, including

retail companies and warehouses/distribution centres, there may also be a latent

potential of the AUTOFLEX system to service some of these agricultural actors. 

The density and size of potential customers and distribution sentres are used to formclusters

ofModal ShiftCandidates(MSC) as deńned inTable4-5andillustrated inFigure4-11. 

ÿǍǩȺǸ ẁɸʂṝ ¶ɐǱǍȺ ñțȡȒʌ >ʔɾʌɐɃǸɶ ṵ¶ñ>Ṷ >ȺʔɾʌǸɶɾ 

WAC1 MSC clusters around Haarlem, Schiphol, Leiden, Den Haag, and Delft. These
clusters lie directly on TIC1Ħs axis and thus represent strong candidates for
congestion-relief initiatives. 

WAC2 MSC clusters near Amsterdam, Utrecht, Ħs-Hertogenbosch, Veghel, and
Eindhoven.Eindhoven is particularly relevant because it currently lacks IWT
services despite being a major industrial node. 

WAC3 Fewer MSC clusters, reŅective of their international through-Ņow role. Clusters
along these axes tend to rely on road-centric access to the Rhine-Ruhr or
Antwerp, making modal shift more challenging. 

WAC4 Fewer MSC clusters, reŅective of their international through-Ņow role. Clusters
along these axes tend to rely on road-centric access to the Rhine-Ruhr or
Antwerp, making modal shift more challenging. 

WAC5 MSC clusters near Eindhoven, Tilburg, Oosterhout, Breda, and Bergen op Zoom.
This corridor simultaneously experiences road congestion and has
underutilised waterways, creating a strong opportunity for introducing new
IWT services. 

 

  



 

  29 

[D3.1] Transport Concepts(PU)  Grant Agreement: 101136257 

 Funded by

the European Union

 

fȡȓʔɶǸ ẁɸɳ ṝɲ æɐʌǸɅʌȡǍȺ ʌɶǍɅɾɳɐɶʌ ǪʔɾʌɐɃǸɶɾ ṵɶǸǱ ɾțɐʭɾ ɃǍȡɅ !ĆÿÃf¬MĤ ǪʔɾʌɐɃǸɶ 
ʌǍɶȓǸʌɾṶ 



 

  30 

[D3.1] Transport Concepts(PU)  Grant Agreement: 101136257 

 Funded by

the European Union

 

fȡȓʔɶǸ ẁɸɳṝɳ ğ!>ɾṞ ¶ñf!ɾ ǍɅǱ ¶ñÿɾ ṵʌțǸ ¶ɐǱǍȺ ñțȡȒʌ >ǍɅǱȡǱǍʌǸɾṶ 

  



 

  31 

[D3.1] Transport Concepts(PU)  Grant Agreement: 101136257 

 Funded by

the European Union

As can be seen inFigure4-11, the regionsthrough which theWAC1 and WAC5(and some of

WAC2) transverse have scattered conglomerations of landuses that could potentially be

considered clusters of MSCsģparticularly on the smaller CEMT II and III waterways on

WAC1. Consequently, these two WACs are critical for investigating potential modal shift use

cases through the perspectives of Temporary Port Terminals (TPTs) and the Mobile

Distribution Centres (MDCs). 

Figure4-12andFigure4-13display a more granular view of these clusters of MSCs along the

WAC1 and WAC5 (and WAC2) respectively. What becomes apparent is that specińc clusters

can be established around the industrial areas outside of the existing service networkģi.e. in

the so-called Waterborne Service Gaps (WSGs).This leads to the following breakdown of the

specińc MSC Clusters that will be investigated for the purposes of analysing how a TPT

concept (and, to some extent, an MDC concept) could be established within these clusters such

that modal shift for unattended transport customers (i.e. the MSCs) could beenabled. 

StartingwithWAC1, the following MSC Clusters were identińed: 

MSC Cluster 1 Haarlem:Located at the western outskirt of Amsterdam on the western
route, and while smaller than the industrial clusters in Delft, Den Haag
and Leiden, it may still be a relevant areaģpotentially also for cargo in the
southwestern part of the Amsterdam Metropolitan Area (MA). 

MSC Cluster 2 Schiphol:A noticeable industrial cluster connected to the primary Dutch
airport. This may constitute both an opportunity for imported or exported
airborne cargo and for the numerous airport-based commercial actors. 

MSC Cluster 3 Leiden:Centred almost precisely between Amsterdam and Rotterdam on
the western route and displays a somewhat centralised MSOA. 

MSC Cluster 4 Den Haag / Delft:Noted as a combined MSOA given the continues spread
of industrial clusters in the area. However, given its adjacency to the Port
of Rotterdam, it may potentially be the case that these industrial sites
would make use of Rotterdam-based IWT services.Well served by large-
vessel IWT operations. Unutilised potential lies mainly in small-
waterway feeders or consolidation services into Rotterdam/Moerdijk. 

 

Continuing with WAC5, the following MSCs were identińed: 

MSC Cluster 5 Roosendaal:A cluster of potential industrial points of interest (PoIs), with
a CEMT IV waterway and a rail connection passing right by the industrial
area. Thus, potential transport customers could potentially be shifted
towards a waterbone and/or railborne transportmodality. 

MSC Cluster 6 Breda:Very similar to Roosendaalģi.e. a cluster of potential industrial
PoIs, with an adjacent CEMT IV waterway and rail connection. 

MSC Cluster 7 Eindhoven:A larger city, hence, a more dispersed cluster of industrial
PoIs. With Helmond in near adjacency to the east, one could consider
Eindhoven and Helmond one larger industrial area with a lot of potential
for modal shift. Eindhoven has both a large rail network passing through
its industrial area, as well as a smaller CEMT II waterway. 
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While WAC1 and WAC5 (and to some extent WAC2) are importantcorridorsfor

investigating potential modal shift use cases, especially from the perspective of TPTs and

MDCs, it isequallyimportant to establish that the AUTOFLEX IWT systemitselfmust be

considered as part of a larger, holistic waterway network that encompasses both utilised,

underutilised andunutilisedwaterways through which an IWT transport ecosystem can be

established. That is, while the AUTOFLEX transport services target clusters of modal shift

candidates that currently do not have access to a waterborne transport alternative, the

AUTOFLEX transport services must also seamlessly integrate into a broader European

transport ecosystem to be effective. Thus, the investigation on potential locations forSCH

hubs apply across all the WACs, seeing each of these as an integrated line in a larger inland

waterway transport network (like metro lines in an urban mobility network). The challenge

is to ńnd locations for placingSCHs which together willensure sufńcient range for the

AUTOFLEX vessels operating on the routes of the network, and which makes route

connections for cargo transfer efńcient. Furthermore, theseSCHlocations may be able to

provide energy to other services beyond the AUTOFLEX transport system into the larger

IWT ecosystem.Figure4-14shows an overview ofenergy sources in the Netherlands. Do note

that although one type of energy source is widely distributed, this does not necessitate that

this energy source is the highest contributor to the overall energy balance of the country (e. g.,

a single nuclear plant may produce the equivalent amount of energy asmillions of solar

panels). Consequently,Figure4-14cannot be used to establish the percentage of thevisualised

energy sources within the overall energy balance, but it can be used to establish the

availability of energy sources locally. 

As can be seen fromFigure4-15, each WAC has various potential renewable energy sources

to tap into. Thus, each WAC is analysedin terms of geographic, navigational characteristics,

terminal infrastructure, renewable-energy availability, and compatibility with

ZESpack-based operations.In doing so,the full operational context for the AUTOFLEX vessel

can be establishedby relating its performance, energy demand, and logistical characteristics

to real corridors and terminals.Said differently, the location of Stow&Charge hubs (see section

6STOW&CHARGE) will be intimately tied to the operational performance and range of the

AUTOFLEX vessel as the alpha omega variable. Said differently, the operational performance

of the AUTOFLEX vessel within the WACsdetermines where Stow&Charge hubs can be

deployed, how many ZESpacks are required in circulation, and how terminal-side energy

buffers should be dimensioned.This includes potential cross-sections between WACs so that

the Stow&Charge Hub could service multiple WACs simultaneously without necessitating

multiple transhipments. Subsequently, having accounted for this, the Stow&Charge locations

would be chosen based on the location of existing renewable energy sources that could be

tapped into. 

ÿǍǩȺǸ ẁɸʃṝ MɅǸɶȓʳ ǍʬǍȡȺǍǩȡȺȡʌʳ ǍɅǱ ɳɐʌǸɅʌȡǍȺ Ȓɐɶ ñʌɐʭἉ>țǍɶȓǸ oʔǩɾ ȡɅ ʌțǸ ğ!>ɾ 

WAC1 The ńrst route within(AmsterdamģSchipholģAlphen a/d RijnģGoudaģ
Rotterdam)constitutes 87 km of inland waterways and is the shortest route in
the WAC. In general, it is one of the most suitable routes for fully battery
electric operations. It includes the existing ZES charging station at Alphen aan
Rijn, making this trajectory the most practical initial demonstration corridor
that expands upon already existing renewable energy efforts within the
AUTOFLEX use case area. Terminals along the route include Schiphol, Alphen
and Gouda and offer strong multimodal connections and sufńcient container
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handling capabilities.The second route(AmsterdamģHaarlemģLeidenģDen
HaagģRotterdam)constitutes92 kmof inland waterways and runs through
Amsterdam, Haarlem, Leiden, Den Haag and Rotterdam.This near coast route
links major urban regions and includes multiple terminals embedded in
renewable energy dense zones. Terminals along Haarlem, Leiden and Den Haag
vary in container-handling capability but collectively offer strong potential for
decentralised Stow&Charge integration.Acrossboth of the WAC1routes,
terminal accessibility is high and sailing distances are well within the vesselĦs
effective ZESpack range for sailing speeds of 7ģ8 km/h (see section1.4.3).WAC1
therefore represents a feasible operational basis for an early Stow&Charge
validation. 

WAC2 The longest of all designated AUTOFLEX corridors, covering 241 km and
connects the northern, central and southern logistics hubs of the Netherlands.
It begins in Alkmaar, proceeds into Amsterdam, and continues through Utrecht
toward the southern industrialregion of Tiel, Ħs Hertogenbosch, Veghel, and
ńnally Eindhoven. This corridor represents a full northģsouth traverse of the
Dutch inland waterway network and could be an important corridor for the
distribution of containerised energy throughout the AUTOFLEX transport
ecosystem. Major logistics hubs such as Utrecht, Ħs Hertogenbosch and
Eindhoven offer container-handling equipment and sufńcient connections to
rail and motorway systems along with, presumingly, substantial cargo volumes
and transport demands. The overall length of 241 km implies that multiple
locations with charging stations or ZESpack exchanges must be created, making
this route highly challenging for energy buffering and optimal hub placement.
In addition to its length, the route passes through regions with signińcant solar-
ńelds and rooftop solar potential, offering opportunities for local renewable
electricity generation for Stow&Charge hubs. 

WAC3 Comprises a 134 km loop connecting Rotterdam with the eastern inland
terminals of Gorinchem, Tiel, Nijmegen, and Arnhem, before returning along
the same trajectory.This route crosses regions with strong renewable-energy
facilities, particularly around Nijmegen and Arnhem, where widespread wind
and solar installations can be found. Terminals along Gorinchem, Tiel and
Nijmegen vary in handling capability but collectively provide adequate
conditions for decentralised ZESpack operations.Because this route features a
deńned out and return structure, it is well suited for analysing cyclical ZESpack
logistics, vessel scheduling models, and daily energy consumption patterns. 

WAC4 Represents a major industrial corridor extending from Rotterdam into southern
Netherlands and northern Belgiumalong its 127 km of inland waterways.The
operational route includes Rotterdam, Dordrecht, Moerdijk, Bergen op Zoom,
and, potentially,Antwerpen, covering a total distance of 127 km.All major
terminals along this route feature strong multimodal connections and varying
levels of container-handling capability. Moerdijk, with its extensive wind farms
and solar ńelds, stands out as one of the most promising hubs for high-capacity
Stow&Charge implementation.Thecorridorstarts/endsinboth Rotterdam and
Antwerpen,the two largest seaports ofEuropeand may therefore offer
unmatched quay-infrastructure facilities and substantial renewable-energy
potential.WAC4thus forms a natural high-demand axis where multiple vessels
may operate simultaneously, justifying the installation of larger Stow&Charge
facilities. 

WAC5 Covers 211 kmof inland waterwaysand connects key Dutch inland logistics
centres south of Rotterdam. It starts at Moerdijk, proceeds through Breda and
Tilburg, and continues onward to Eindhoven and Helmond(or vice versa).This
corridor crosses regions with substantial industrial activity and high solar ńeld
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density, particularly around Breda and Tilburg. Terminals along this route
generally possess container-handling equipment or sufńcient quay capabilities
to support ZESpack exchange operations. With its combination of distance and
terminal infrastructure,WAC5resembles an excellent testbed for medium
range battery electric operations and energy buffer planning. 

 

The following ńgure shows possible stow & charge location as well as existing wind turbines

and wind parks in the area of interest for the AUTOFLEXtransport system. 
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fȡȓʔɶǸ ẁɸɳ ṝɸ æɐʌǸɅʌȡǍȺ ǸɅǸɶȓʳ ɾɐʔɶǪǸɾ 

  




















































































































































































































































































































































































































































































