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Abstract

Ports often act as bottlenecks in import cycles. Yet feasibility assessments of port–dry

port systems still privilege distance/location over the process dynamics that generate

time and cost. This paper proposes a process-centred feasibility method that links process

analysis and reengineering, operational cycle design, and economics. We map AS-IS/TO-

BE activities, design shuttle-train operations between port and dry port, and estimate costs

via a time-driven approach aligned with TDABC. The method is applied to the Port of

Genoa—Rivalta Scrivia dry port. Consolidating containers to a single inland destination

and relocating customs clearance to the dry port via Fast Corridor stabilises yard operations,

removes re-handling in the port-to-dry-port cycle, reduces dwell, and improves train

formation and reliability. Under these conditions, the process-based configuration becomes

time- and cost-competitive vis-à-vis all-road and conventional block-train baselines for

relevant inland destinations. This paper reframes feasibility from a distance-based view to

a process, cycle, and economics logic, offering managerial guidance and policy implications

on regulatory enablers that unlock dry-port benefits.

Keywords: port–hinterland connectivity; process analysis; shuttle train; time-driven

activity-based costing; customs relocation; port congestion

1. Introduction

Ports are pivotal gateways in global supply chains, since they have to transfer cargo

inland quickly and reliably despite space constraints, ship-size growth, and rising volumes.

When port processes are not optimised, terminals become bottlenecks that propagate delays

and costs along the import cycle, eroding the competitiveness of both ports and the logistics

chains they serve. While operational efficiency at the quayside has received considerable

attention, the procedural complexity and inter-organisational dynamics [1] that connect

quayside operations to inland delivery—customs clearance, documentation flows, and

yard/rail coordination—remain comparatively under-explored.

Many terminal operators try to solve the problem of a lack of space whilst neglecting to

re-engineer port processes from ship unloading to the final destination of goods. Since cost

and time are crucial for shippers, port authorities and terminal managers are increasingly

interested in adopting process-aware management [2]. A common focus of terminal

operators is on ship cycle efficiency, underestimating the other terminal cycles [3]. The

inefficiencies generated at the terminal have a cascading effect on the subsequent transport

cycles, both in terms of time and costs.
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The majority of inefficiencies are related to the import port cycle, due to its greater

complexity than the export cycle. This complexity must be attributed to two structural

factors: the multiplicity of cargo destinations and the time-consuming and complex customs

clearance activities.

A growing body of work highlights the potential of dry ports—inland terminals

connected to seaports—to decongest maritime terminals and streamline inland flows. Yet,

most feasibility assessments still adopt a distance-based viewpoint (how far inland a

facility can be located) rather than a process-based perspective (how the end-to-end port–

hinterland cycle is organised and governed). We argue that time and cost performance—

and, ultimately, feasibility—hinge on the design and reengineering of processes (physical

and informational), not on distance alone. The analysis and reengineering of processes is

fundamental for an in-depth study of all aspects of business and for process improvement. It

enables the mapping of all physical and informational activities, inter-relationships between

them, individuals responsible for the various activities and criticalities found [4–6].

This paper proposes a process-centred method to assess the feasibility of a port–dry

port system, with specific attention to the import cycle. The approach recognises two

structural sources of inefficiency at the terminal: (i) the multiplicity of inland destinations,

which generates yard re-handles and stack inefficiencies, and (ii) the rigidity and timing of

customs clearance, which can delay trains and discourage rail use. It then evaluates how

process redesign—e.g., consolidating to a single inland destination via shuttle trains and

moving customs activities to the dry port (e.g., Fast Corridor)—can reshape times, costs,

and operational feasibility.

Accordingly, this paper addresses two research questions (RQs):

- RQ1. What are the structural inefficiencies of the import port cycle that drive port

congestion and higher time/cost?

- RQ2. Under what operational and economic conditions is a port–dry port system

technically and financially viable compared with conventional road or block-train

rail alternatives?

To answer these questions, we develop a three-dimensional assessment framework—

(i) processes, (ii) operational cycles, and (iii) economics—and apply it to the Port of Genoa—

Rivalta Scrivia dry port system. The case study quantifies how process analysis and

reengineering (Phase 1) determine handling times and costs, how these feed into cycle

design and train sizing (Phase 2), and how they compare, in monetary terms, with all-

road and conventional block-train options for different inland destinations (Phase 3). The

results provide managerial guidance for terminal operators and port authorities and policy

implications for enabling customs and rail arrangements that unlock dry-port benefits.

The remainder of this paper is organised as follows. Section 2 reviews the relevant

literature. Section 3 details the import cycle’s structural inefficiencies and motivates a

process-based dry-port perspective. Section 4 presents the three-phase feasibility method.

Section 5 applies the method to the Genoa–Rivalta Scrivia case. Section 6 discusses policy

and managerial implications; Section 7 concludes and outlines future research.

2. Literature Review

Dry ports—defined as inland terminals functionally connected to seaports through

high-capacity corridors—have been widely discussed as instruments to alleviate port con-

gestion, extend terminal capacity, and improve hinterland accessibility [7–9]. Reviews and

scoping studies consistently report benefits in terms of congestion relief, modal shift to

rail, and possibilities to relocate certain activities inland (storage, customs, value-adding

services), with positive spillovers for urban traffic and land use [10–12]. At the same

time, structural trends—ship-size growth, spatial constraints in port cities, environmental
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targets—reinforce the relevance of inland extensions to sustain port–hinterland perfor-

mance [13,14]. Moreover, theoretical and empirical studies have emphasised the role of dry

ports in port regionalisation processes [15,16].

A large strand of research conceptualises dry-port feasibility primarily through a

distance/location lens. Typical questions include how far inland a facility should be

located, which cities/regions to serve, and what position within the corridor minimises

generalised costs [17–19]. These models often rely on spatial interaction, gravity, or hub-

location formulations, sometimes embedding access/egress times and basic handling

penalties. While valuable in deciding where to place infrastructure, these approaches tend

to treat the port–dry port system as a black box with respect to the procedural dynamics

that actually generate times and costs along the import cycle.

Complementary work examines dry ports within network design and pricing

problems—e.g., the competition between ports and inland terminals, carrier/rail operator

strategies, and the effects of pricing on modal split [20,21]. These studies clarify when

and how rail-based inland hubs can attract flows, under what cost structures and service

frequencies, and how externalities may be internalised in optimisation models. Yet, they

typically abstract from process frictions at the terminal (yard re-handles due to multiple

destinations, documentation bottlenecks, or customs timing) that shape the operational

viability of the rail cycle and, ultimately, the feasibility of the port–dry port configuration.

A separate line of inquiry emphasises functional integration between seaports and

inland sites through the extended gate concept [22]. and highlights how shifting activities

inland (e.g., customs) can decouple quayside operations from urban constraints and land

scarcity [12,23]. This stream provides a strong qualitative rationale for off-port processing

but still offers limited operational quantification of how specific process changes (e.g.,

customs clearance moved to the dry port; consolidation to a single inland destination)

translate into concrete time/cost impacts on the import cycle and on train scheduling.

Environmental assessments generally show that dry ports can contribute to lower

GHG emissions and urban externalities by enabling rail substitution and reducing truck

VKT within congested port-city areas [10,21]. However, when environmental targets are

detached from procedural root causes (stack strategy, documentation flows, rail slot relia-

bility), the link between project choices (how processes are redesigned) and environmental

outcomes (what is actually saved) remains indirect.

Despite these valuable contributions, three process-related gaps persist:

1. Procedural and inter-organisational complexity is under-modelled. Most distance/location

and network designs treat dwell time and terminal penalties as exogenous or simpli-

fied parameters. Yet, what drives those penalties is process details: the number of

inland destinations assigned to the same yard stack (affecting re-handles), the timing

and rigidity of customs clearance, and the synchronisation between yard operations

and rail formation. Without explicitly mapping and reengineering these processes,

feasibility assessments risk misestimating the achievable time and cost savings [1,4,24].

2. Customs relocation and regulatory levers are rarely embedded as operational variables. The

literature acknowledges that moving customs clearance inland can alleviate bottle-

necks [12,23], yet few quantitative studies incorporate customs timing/placement as a

decision variable and simulate its impact on train reliability, yard turnover, and stack

strategy. In practice, arrangements such as Fast Corridor (postponed clearance at the

dry port) can be decisive for enabling shuttle trains and consolidating flows, but their

time/cost mechanics remain insufficiently represented.

3. From location to process–cycle–economics logic. Existing studies seldom link process

redesign (AS-IS (current state)/TO-BE (future state) mapping, VSM/PCE metrics) to

operational cycle design (train size/frequency; departure timing; rail–yard synchroni-
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sation) and then to economic comparison with all-road or conventional block-train

alternatives. This three-step causality—process → cycle → economics—is essential to

evaluate the feasibility of a port–dry port system beyond spatial suitability. Without

it, location/price models may over- or under-estimate benefits if processes are not

reengineered to support the chosen cycle.

To address these gaps, we adopt a process-centred assessment that explicitly models

the drivers of time and cost in the import cycle and connects them to operational and

economic feasibility:

• Process dimension: We map and quantify AS-IS/TO-BE processes, focusing on stack

strategy (single vs. multiple inland destinations and the resulting re-handles), doc-

umentation flow, and customs timing/relocation (e.g., moving clearance to the dry

port via Fast Corridor). Process analysis leverages BPM/BPR tools (process mapping,

VSM/PCE) to estimate how design choices translate into handling times and cost

components [4,24].

• Operational cycle dimension: Using process outputs, we design the rail cycle (train

size/frequency, departure windows) for port–dry port shuttle services. We show

how process redesign (e.g., single-destination consolidation) increases yard stability,

reduces re-handles, and improves train formation/reliability, enabling apples-to-

apples comparisons with all-road and block-train baselines [20,22].

• Economic dimension: We aggregate process and cycle metrics into unit costs and time

indicators, comparing scenarios across inland destinations. This allows evaluating

under which operational and regulatory conditions (e.g., off-port customs, reliable

shuttle timetable) the port–dry port system is financially viable relative to conventional

options [17,21].

By bringing processes to the foreground, this paper complements distance/location

and pricing models with the mechanisms that create performance in practice. It thus

responds to the calls for a more operational and governance-aware understanding of dry

ports, in which regulatory levers (customs placement), organisational choices (stacking and

consolidation), and synchronisation (rail–yard alignment) are part of the feasibility logic

rather than contextual footnotes [22,23].

3. The Dry Port as a Solution to the Inefficiencies of the Import Port Cycle

Figure 1 illustrates typical configurations of the import port cycle:

(i) Ship-to-truck with storage under yard gantry cranes;

(ii) Ship-to-rail with storage under rail gantry cranes;

(iii) Ship-to-rail with storage in the yard area.

The unloading of containers from the vessel and their subsequent reloading onto road

or rail transport are usually carried out as separate operations, in order to ensure that the

reloading phase does not delay the ship unloading process, which is the top operational

priority for container terminals. In particular, reloading activities typically begin before

vessel unloading is fully completed. This decoupling of these two cycles is made possible

through the use of buffer areas, which can be located either beneath gantry cranes or within

the yard area.
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Figure 1. Operative port cycles: (top) vessel to truck (1 =unloading from vessel, 2 = from vessel to

yard under rail park, 3 = stacking, 4 = loading from yard onto train), (middle) vessel to rail with

storage under crane (1 =unloading from vessel, 2 = from vessel to yard under rail park, 3 = stacking,

4 = loading from yard onto train), and (bottom) vessel to rail with storage in a buffer area

(1 =unloading from vessel, 2 = from vessel to yard, 3 = stacking, 4 = loading from yard to equipment,

5 = from yard to rail park, = loading onto train).

The reloading phase, whether by truck or by rail, presents two main structural criticalities:

(a) The different destinations of goods generate rehandles (i.e., unproductive yard move-

ments), leading to increased times and costs. The first available container in a stack is

not necessarily the one required for immediate delivery, and, even if it is, its customs

status may prevent its release. The resulting sequence of container pick-ups inevitably

causes multiple rehandles. In both the ship-to-truck and ship-to-rail cycles, such

rehandles are unavoidable, and stack efficiency rarely exceeds 70%. Reduced stack

efficiency extends truck turnaround times, generating congestion within and outside

terminal areas. This, in turn, leads to an increase in costs and a reduction in haulage

companies’ profit margin.

(b) The customs clearance process of goods negatively affects cycle times and operational

costs. In the case of rail transport, even a single uncleared container can delay the

departure of an entire train.

These two critical issues can be effectively mitigated through the implementation of a

dry port, properly engineered within the port–dry port operational cycle.

A dry port can be conceptualised as an extension of a port, particularly of its quayside

operational cycle, up to a point that reduces the port bottleneck to a physiological minimum.

Beyond this limit, however, the advantages of extending the port’s reach tend to vanish

(Figure 2). This limit is not only determined solely by the distance between the port and

the dry port, but rather by the interrelated operational processes, which define both time

and cost performance, thereby justifying or constraining its use.
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Figure 2. Operative port cycles “vessel-to-dry port”. Scheme (a): 1 = unloading from vessel,

2 = transport from vessel to yard under rail park, 3 = stacking, 4 =loading onto train. Scheme

(b): 1 = unloading from vessel, 2 = transport from vessel to yard, 3 = stacking, 4 = transport from

yard to rail park, 5 = loading onto train. Source: container terminals of the port of Genoa.

To be truly effective, a port–dry port system must overcome the two fundamental

weaknesses in the traditional import port cycle by addressing the following key aspects:

1. Multiple goods destinations are replaced by a single destination, i.e., the dry port;

2. Customs clearance procedures are relocated from the seaport to the dry port, for

instance, through the use of a Customs Fast Corridor [5].

3.1. Single Destination of Goods

The issue of having multiple goods destinations can be addressed by introducing a

single destination, represented by the dry port. Containers would first be transported to the

dry port by rail shuttle, and from there forwarded to their final destinations by road or rail.

Shuttle trains are high-frequency trains composed of a fixed number of wagons. Shuttle

trains should conceptually be considered as “terminal operations”: to move containers,

trains are used instead of terminal equipment such as trailers or reach stackers. Managing a

single destination eliminates the need to prioritise shipments or wait for customs clearance,

bringing significant advantages in forwarding speed. If customs operations are relocated

outside the seaport, the entire operational logic of cargo forwarding changes: containers

can be loaded directly onto the first available train without any intermediate re-handling,

thus achieving near-100% stacking efficiency. Figure 2 illustrates the “vessel-to-dry port”

import operational cycle, showing two possible configurations: with the stack located

under the rail-mounted crane (top of Figure 2) or in the yard area (bottom of Figure 2).

Since all containers are destined exclusively for the dry port, no rehandles are required. By

introducing the dry port as a single destination, full containers are managed in the same

way as empty ones, simplifying operations and enhancing overall efficiency.

Tables 1 and 2 present a comparison of the import port cycles illustrated in Figure 1. As

highlighted in Table 1, the dry port cycle requires only four handling movements, compared

with five and seven movements in the conventional rail cycle, where containers are stored

under a crane and in a yard buffer area, respectively.
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Table 1. Comparison between different transport cycles (“vessel-to-truck”, “vessel-to-rail” and “port-

to-dry port”): type of equipment and number of movements required. Source: container terminals of

Genoa Port and Rivalta Scrivia dry port.

Movement
Number

Type of
Movement

Transport Cycles

Vessel-to-Truck

Vessel-to-Rail (with Block Trains)
Port to Dry Port

CycleStorage Under
Crane

Storage in a
Buffer Area

1
From vessel to

quay
Quay crane Quay crane Quay crane Quay crane

2
From quay to

yard stack
Trailer Trailer Trailer Trailer

3
Stacking in the

yard
RTG RMG RTG

Reach
stacker/RMG

4 Rehandles (*) RTG RMG RTG -

5
Loading of the

container. . .
on truck through

RTG
Directly on rail
wagon: RMG

on trailer: RTG -

6
From stack to

RMG
- - Trailer -

7 Train loading - - RMG Reach stacker

Total movements 5 5 7 4

(*) only one rehandle is assumed.

Table 2. Comparison between different transport cycles (“vessel-to-truck”, “vessel-to-rail”, and

“port-to-dry port”).

Transport Cycles

Vessel-to-Truck

Vessel-to-Rail (with Block Trains)
Port to Dry Port

CycleStorage Under
Crane

Storage in a Buffer
Area

Stack efficiency 70% 70% 70% 100%

N. of railway tracks needed - >3 >3 ≤3

Container segregation none
Per destination and

per weight class
Per destination and

per weight class
Per weight class

Number of rehandles maximum high high none

Table 2 shows that stack efficiency reaches 100% only in the dry port cycle, thanks to

the single destination. Moreover, in the conventional rail cycle—both with storage under

cranes and in the yard buffer area—the number of required tracks must exceed three: one

track is needed for shunting operations, and at least two are required to serve the different

destinations. In contrast, the port–dry port cycle requires only two tracks: one for shunting

and one dedicated to the single dry port destination.

In conventional rail cycles, container segregation within the yard stacks occurs by

destination and weight class. Conversely, in the dry port cycle, segregation is limited

solely to weight class, allowing for better use of terminal storage space. Segregation by

destination becomes necessary once all containers share the same final destination, i.e., in

the case of a dry port.

Finally, the number of rehandles is highest in the truck cycle and completely eliminated

in the dry port cycle.
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3.2. Postponing Customs Clearance Procedures Through the Use of a Customs Fast Corridor

The second structural bottleneck of the import port cycle concerns the customs clear-

ance process, which typically takes place within port areas. Customs clearance is mandatory,

time-consuming, and operationally rigid. In rail transport, all customs documents must be

collected and verified several hours before train departure. If documentation for even a

single container is missing, the departure of the entire train is delayed. This procedural

rigidity discourages the use of rail transport and is incompatible with high-frequency

shuttle trains.

This complexity can be overcome through the implementation of a Fast Corridor [5],

which transfers customs clearance operations from the seaport to the dry port. The Fast

Corridor was first introduced in Italy in 2015, following an experimental phase initiated in

2008 between the Port of Genoa and the Rivalta Scrivia dry port. Legally, it is grounded

in Articles 139 and 148 of the Union Customs Code (UCC). Under the Union Customs

Code (Arts. 139 and 148 (5)), goods may be moved between authorised temporary storage

facilities without additional customs formalities, provided no increased risk of fraud. Based

on this framework, the Fast Corridor allows containers to be transferred directly from the

port to the dry port, streamlining import operations. (Containers to be transferred are

entered in the Incoming Goods Manifest with the indication of the dry port temporary

storage warehouse where they will be introduced. After validation of the manifest and dis-

embarkation, the consignments assume the status of goods deposited in the said temporary

storage warehouse, and the competent operator assumes full responsibility for them. For

the purpose of leaving the port customs area, containers are accompanied by an extract of

the Cargo Manifest, endorsed by Customs, listing the containers with the corresponding

system-generated A/3 lots attached).

4. A Method to Assess the Feasibility of a “Port–Dry Port” System

The viability and effectiveness of a port–dry port system should be evaluated against

two conventional transport alternatives: (i) all road transport, and (ii) rail transport using

block trains (with a variable number of wagons per train), as shown in Figure 3. The

assessment aims to verify whether the port–dry port configuration is more competitive and

operationally efficient than these traditional transport options.

Below, a new methodology is proposed to assess the operational and economic fea-

sibility of a “port–dry port” system. The method, provided in Figure 4, consists of three

main phases:

1. PHASE 1—Analysis of AS-IS processes and definition of TO-BE processes. This phase

involves a detailed examination of current import operations to identify critical issues

and inefficiencies. Through stakeholder interviews, focus groups, and brainstorming

sessions, improved process configurations (TO-BE) are designed to address these

issues. The outcome is the estimation of time and cost parameters for each process

activity (Section 4.1).

2. PHASE 2—Analysis of operational cycles and estimation of required shuttle trains. Using

the data from phase 1 (times and costs), along with the port–dry port distance and

annual rail traffic volumes, the number of daily shuttle trains needed to serve the

corridor is calculated (Section 4.2).

3. PHASE 3—Economic analysis. Based on the results of Phase 2, an economic evaluation

is carried out to determine the unit cost per container when using the dry port. The

dry port solution is considered economically viable if this cost is lower than that of

conventional rail (block trains) or all-road transport alternatives (Section 4.3).
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Figure 3. (a) Road transport, (b) intermodal transport with block trains, (c) port–dry port with shuttle

trains and further leg by train or truck.

Figure 4. Proposed methodology.

Each phase is explained in more detail in the following sections.
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4.1. Costing Approach and Relation to ABC/TDABC

We adopt a process-centred, time-driven costing consistent with this study’s logic

(processes → operational cycles → economics). For each scenario, we derive unit costs

from AS-IS/TO-BE process times (e.g., re-handles due to stack strategy, train formation,

documentation/clearance timing) and resource capacity cost rates (e.g., yard equipment

and labour, rail operations, documentation/customs handling). This yields a time-driven

estimate of costs per container and is conceptually aligned with Time-Driven Activity-Based

Costing (TDABC) [25,26], where the cost of a process equals the product of a capacity cost

rate and the time required to execute the process.

We do not implement a full ABC allocation of corporate overheads to activity centres

for two reasons. First, the purpose here is comparative feasibility among alternative

configurations, where marginal and time-driven components—those effectively affected

by process redesign and cycle choices—are the relevant drivers. Second, a full ABC

spanning multiple organisations (seaport terminal, dry port, railway undertakings, customs

broker) would require confidential and non-harmonised accounting data, which would

jeopardise cross-scenario comparability due to heterogeneous overhead structures and

cost-driver definitions.

Practically, we compute the following:

• Process times from mapped activities (AS-IS/TO-BE);

• Capacity cost rates for resources that change across scenarios (yard equipment/labour,

rail formation/traction, documentation/clearance);

• Unit costs as time × rate.

This design captures the economic consequences of process reengineering (e.g., consol-

idation to single-destination stacks; relocation of customs to the dry port via Fast Corridor)

on cycle reliability and cost. In future extensions—once harmonised accounting data are

available—the framework can be augmented with a full ABC layer to allocate shared

overheads without altering the process → cycle → economics logic.

4.2. PHASE 1—Process Analysis and Reengineering

The analysis and improvement of processes is fundamental to achieving an efficient

and effective port–dry port system.

In Phase 1, process times and costs are determined from the AS-IS state and constitute

the case-study baseline. The sources are represented by operational logs, time-and-motion

studies, and stakeholder interviews. The TO-BE component structures these data and

applies transformation rules to obtain TO-BE parameters according to the redesign choices

(e.g., document digitisation, task parallelisation, resource reallocation). For each activity, i,

we compute the following:

ti
TO−BE = ti

AS−IS
· (1 − ri) + δi

ci
TO−BE = ci

AS−IS
− ∆ci

where ri is the expected relative time reduction (negative if time increases), δi any fixed

time added or removed, and ∆ci (e.g., licenses, training, OPEX). The values of ri, δi, and

∆ci come from pilots, benchmarks, or vendor documentation. When direct measures are

unavailable, justified ranges are defined and tested through sensitivity analysis. In this

way, TO-BE parameters are an explicit derivation of the AS-IS baseline and the intended

transformations, ensuring traceability of assumptions.

Drawing on the authors’ consolidated expertise in the field, the processes associated

with (i) road transport, (ii) conventional rail transport, and (iii) the dry port operations

were mapped and compared. Figure 5 presents the legend used to interpret the process
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diagrams shown in Figures 6–8. Process details may slightly vary depending on the specific

port context.

Figure 5. Legend to interpret processes.

 

Figure 6. Physical and informational processes of the import road transport cycle from the port to

the hinterland.

Figure 6 illustrates the physical and informational flows of the import road cycle from

the port to the hinterland. After containers are unloaded from the ship and stored in the

terminal yard, customs brokers submit customs declarations to the Customs Agency, which

then authorises their release. Freight forwarders receive delivery orders from shipping

lines and forward them to road carriers, who access the terminal to pick up the containers

and deliver them to their final destination.

Figure 7 illustrates the physical and informational processes of the conventional rail

import cycle from the port to the hinterland. In this case, operations are considerably

more complex than those of the road cycle, as they involve a larger number of actors and

coordination steps. After customs release, Multimodal Transport Operators (MTOs) receive

delivery orders from shipping lines and transmit to the port terminal the list of containers to

be loaded onto the train, including customs details. Based on this information, the terminal

rail office prepares the train loading plan. The designated containers are retrieved from the

yard and loaded onto the wagons, after which the rail checker carries out hand-sealing and

wagon–container coupling.



Appl. Sci. 2025, 15, 11715 12 of 32

 

Figure 7. Physical and informational processes of the conventional rail import cycle from port

to hinterland.

Once loading is completed, the terminal rail office notifies the shunting company

that the train is ready to be transferred from the terminal rail yard to the external yard,

where the railway operator performs the technical checks on wagons and braking systems.

Following a documentation inspection by the finance police, the train departs the port on

the main electrified rail line.

Upon arrival at the inland rail terminal, the train is shunted, and the MTO sends the

list of containers to be unloaded to the inland terminal operator, who then schedules the

unloading operations. Containers are unloaded and stored in the inland terminal yard. The

final leg of the process—container delivery to final consignees—follows the same procedure

as the road transport cycle.

Figure 8 illustrates the impact of the Fast Corridor procedure on import processes.

The use of a dry port connected to the seaport via a Fast Corridor significantly reduces the

number of operations required. In this configuration, customs clearance is fully transferred

to the dry port (except for security checks), leading to simplified port operations and

improved overall efficiency.
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Figure 8. Physical and informational processes of the rail import shuttle cycle from the port to the

hinterland (dry port case).

The process analysis shown in Figures 6 and 7, and the corresponding process reengi-

neering illustrated in Figure 8, refer to the Italian case study, but can be considered suffi-

ciently general to apply to other contexts. Minor variations may occur depending on local

regulations, port governance models, operational practices, or other contextual factors. In

any case, the analysis and reengineering of port–dry port processes represent a crucial

prerequisite and starting point for the successful implementation of a port–dry port system.

4.3. PHASE 2—Operational Analysis

Once the process analysis and reengineering have been completed, the organisation of

transport cycles for the port–dry port system must be defined, including the number of

required shuttle trains.
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The following section compares the transport cycle configuration of the port–dry port

system with that of a conventional block train system.

4.3.1. Block Trains vs. Shuttle Train Service

Figure 9a illustrates the case of a port–dry port connection operated with block trains.

Upon arrival at the dry port terminal, the train undergoes shunting operations and is

transferred to the dry port rail yard, where it is unloaded, reloaded, and then shunted

again. Once the electric locomotive is coupled, the train is ready to depart from the dry

port back to the port. Similar steps are repeated upon its return.

 

(a) (b) 

Figure 9. Generic transport cycle from port to dry port with block trains (a) and shuttle trains

(b) using a single locomotive.

The main drawbacks of block train operations are as follows: (i) all activities must

be performed sequentially, and (ii) any delay in one operation can lead to the loss of the

scheduled rail slot, thus postponing the train’s departure.

In contrast, Figure 9b depicts the shuttle train configuration, in which a single locomo-

tive operates multiple fleets of wagons on a high-frequency schedule. Using at least three

wagon fleets allows parallel execution of several operations—such as loading/unloading

at terminals and technical checks before departure. This is enabled by the presence of

buffer tracks (pick-up and delivery bundles), which decouple terminal operations from

train movements on the main line, allowing the two cycles to proceed independently.

In other words, all terminal cycle activities—including shunting, loading/unloading,

and technical checks—can be carried out on one fleet while another fleet is travelling.

As a result, terminal operations can take longer without affecting service frequency, thus

reducing pressure on port resources and optimising terminal efficiency.

Figure 9b shows that, when using three wagon fleets and a single electric loco-

motive, a higher number of train rotations can be achieved within the same time win-

dow (t1 − t17 = 8 h) compared to the block train configuration, which relies on only

one locomotive.

To achieve the same frequency and cycle times as shuttle train operations (t4 in the

example in Figure 9b), conventional rail transport with block trains would require the use

of two locomotives, as illustrated in Figure 10.
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Figure 10. Operating cycle of block trains, three fleets of rail wagons, and one locomotive.

4.3.2. Sizing the Number of Required Trains

The notation summarised in Table 3 is used to quantify the number of shuttle and

block trains needed to transport a specified annual container throughput.

Table 3. Mathematical notation used—part 1.

Variable and Parameters Description Unit

tp,i

Time needed to transport a block train from the port to the inland
terminal, or vice versa, which is function of the distance between
the port and the inland terminal dp,i and the average speed of a

train v: tp,i =
dp,i

v .

minutes

tS
Time needed to carry out the train shunting operation, either in
the maritime terminal or in the dry port.

minutes

tU , tL Time needed to unload or load a container in a terminal. minutes

tc
Time needed to perform train technical checks in external
rail parks.

V
Total throughput to be transferred by rail to the hinterland, via
block trains or shuttle trains.

containers/year

ρ Rail quota. percentage

λ
s, λb

Average numbers of handling movements needed to load a
container on a shuttle or block train. No rehandles in the yard
are needed.

movements

ns, nb Average number of containers loaded onto a block or a
shuttle train.

containers

D Number of rail operating days. days

R
Number of rail slots available per day on the rail line
(round trips).

TB
TOT

Total time needed to perform a rail conventional cycle with block
trains, i.e., from the port to an inland terminal and back,
including all the operations to be performed at nodes (port and
inland terminal).

minutes
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Table 3. Cont.

Variable and Parameters Description Unit

Bmax, Smax Number of maximum block/shuttle trains (round trips). trains

Breq, Sreq
Number of block/shuttle trains (round trips) required to be
performed on a daily basis.

trains

Be f f

Se f f
Number of effective daily block/shuttle trains (round trips). trains

TS
TOT Time needed to perform a rail shuttle trip. minutes

Number of Block Trains

Equation (1) provides the total time TB
TOT :

TB
TOT = tL × λ

b
× cb + tS + tc + tp,i + tS + tU × cb + tL × λ

b
× cb + tS + tc + tS + tp,i + tU × cb (1)

Considering 24 h per day, the number of maximum block trains Bmax that can be

ideally performed in a day are given by (2).

Bmax =

⌊

24 × 60

tB
TOT

⌋

(2)

The number of block trains needed, Breq, is given by (3).

Breq =
V × ρ

2 × nb × D
(3)

Therefore, the number of effective daily block trains Be f f that can be performed from

the port to the inland terminal is provided by (4).

Be f f = min
(

Bmax; Breq; R
)

(4)

Number of Shuttle Trains

Unlike conventional intermodal transport with block trains, shuttle rail operations

connecting a port and a dry port, all terminal activities at both nodes are performed in

parallel rather than sequentially. The total time TS
TOT is given by the following:

TS
TOT = tp,d × 2 (5)

Considering 24 h per day, the number of maximum shuttle trains Smax that can be

ideally performed in a day is given by the following:

Smax =

⌊

24 × 60

tS
TOT

⌋

(6)

The number of required daily shuttle trains (round trips) Sreq needed to handle the

total container volumes forwarded inland by rail is calculated as follows.

Sreq =
V × ρ

2 × ns × D
(7)
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Accordingly, the number of effective daily shuttle trains (round trips) Se f f that can

actually be operated between the port and the inland terminal is given by the following:

Seff = min
(

Smax; Sreq; R
)

(8)

It should be noted that, when the number of wagons per train is the same for both

shuttle and block train configurations, the number of shuttle trains required to meet the

same rail demand is always lower than that of blocked trains.

4.4. PHASE 3—Economic Analysis

To be effective, a port–dry port system must also be economically viable. This sec-

tion evaluates the conditions under which such a system is economically competitive,

by comparing it with conventional rail and road connections between the port and its

hinterland.

Figure 11 presents a comparison of four possible transport alternatives for an import

container, where the cost is borne by a generic shipper or freight forwarder:

• Case 1: Intermodal transport with block trains (O-B-D);

• Case 2: Port–dry port shuttling followed by a rail leg (O-A-B-D);

• Case 3: All road transport (O-D);

• Case 4: Port–dry port shuttling followed by a road leg (O-A-D).

Figure 11. Comparison of three transport alternatives: all road (O-D), conventional block trains

(O-B-D), shuttle trains with forwarding by road (O-A-D), and shuttle trains with forwarding by

rail (O-A-B-D).

The additional mathematical notation required is provided in Table 4.
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Table 4. Mathematical notation used—part 2.

Variable and Parameters Description Unit

CH

Cost of handling a container in a terminal (port, dry port or
inland terminal). This cost may refer to different operations:
container rehandles in the yard, loading on a train or
unloading from a train, loading a truck.

EUR/cntr

CSH
p

Cost of shunting a train from a port to the electric rail line or
vice versa.

EUR/train

CSH
d

Cost of shunting a train from a dry port to the electric rail
line or vice versa.

EUR/train

CT
p,d

Cost of transporting a shuttle train from the port to the dry
port or vice versa (shuttling). This cost depends on the
distance to be covered and the number of locomotives used.

EUR/train

CT
p, in

Cost of transporting a block train from the port to an inland
terminal or vice versa. This cost depends on the distance to
be covered and on the number of locomotives used.

EUR/train

CT
d, in

Cost of transporting a train from the dry port to an inland
terminal or vice versa. This cost depends on the distance to
be covered and the number of locomotives used.

EUR/train

CCU
p , CCU

d

Cost of performing customs inspection in a port or dry
port facility.

EUR/cntr

CST
p , CST

d

Daily cost of storing a container in a port or dry
port terminal.

EUR/cntr × day

ρB
p , ρS

p
Average numbers of days a container is stored at a port in
case of using block/shuttle trains.

days

ρd, ρin
Average numbers of days a container is stored at a dry port
or inland terminal.

days

CLM Cost of last mile transport by truck (i.e., from the inland
terminal to the final destination in the catchment area).

EUR/cntr

CTR
The cost of transporting a container from port to the final
destination by truck. This cost depends on the distance to be
covered and road unitary cost.

EUR/cntr

4.4.1. Forwarding by Rail

When containers are forwarded from the port by rail, Case 1 and Case 2 should be

compared to identify the most cost-effective solution (see Figure 11).

The total cost, CTOT
C1 , of forwarding a container from the port to the inland destination

in Case 1—Intermodal transport with block trains (O-B-D), is given by the following:

CTOT
C1 = C

ST

p × ρB
p + CH

×λ
s+CCU

p +
CSH

p + CT
p, in + CSH

in

nb
+ CH+CST

in × ρ
S

in+ CH+CLM (9)

The total cost CTOT
C2 of forwarding a container from the port to the inland destination

in Case 2—Port–dry port shuttling and further leg by rail (O-A-B-D), is given by Equation (10):

CTOT
C2 = CST

p × ρ
S

p
+ CH

×λ
B+

CSH
p + CT

p, d + CSH
d

ns
+ CH + C

CU
d + CST

d × ρ
S

d+ CH +
CSH

d + CT
d, in + CSH

in

nb
+ CH+CH+CLM (10)

When rail transport is used, the port–dry port system is economical convenient if the

total cost of transporting a container from the port to its final destination via a shuttle train
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between the port and dry port, followed by a conventional train (Case 2: O-A-B-D) is lower

than that of a conventional block train (Case 1: O-B-D), i.e., if inequality (11) is verified.

CTOT
C2 < CTOT

C1 (11)

that is:

CST
p × ρ

S

p
+ CH× λ

B+
CSH

p +CT
p, d+CSH

d

ns + CH + C
CU
d + CST

d × ρ
S

d
+ CH +

CSH
d +CT

d, in+CSH
in

nb + CH+CH+CLM ≤CST
p × ρB

p + CH×

λ
s+CCU

p +
CSH

p +CT
p, in+CSH

in

nb + CH+CST
in × ρ

S

in
+ CH+CLM

If Equation (11) is satisfied, no external intervention is required: both the private

operators involved and the system as a whole (i.e., primarily the port system and the local

community) benefit from the use of a dry port and from forwarding goods by rail from the

dry port. In this case, the benefit translates into higher profits for operators (through lower

costs and improved efficiency) and reduced negative externalities for the overall system

(such as lower congestion and environmental impact).

If the two terms of Equation (11) are equal, there is no direct advantage or disadvantage

for final customers (typically shippers or freight forwarders) in adopting the dry port

solution; however, the system as a whole still gains a net benefit.

Conversely, if Equation (11) is not satisfied, the use of a dry port is not economically

convenient for final customers, even though it still provides system-wide benefits. In such

a case, the market requires financial support—an incentive equal to or greater than the

difference (CTOT
C2 − CTOT

C1 ).

4.4.2. Forwarding by Road

When containers are forwarded from the port by road, Case 3 and Case 4 should be

compared to determine the most cost-effective option (see Figure 11).

The total cost, CTOT
C3 , of forwarding a container from the port to the inland destination

in Case 3—All road transport (O-D), is given by Equation (12).

CTOT
C3 = C

ST

p × ρB
p + CH

× λ
s+CCU

p +CTR (12)

The total cost CTOT
C4 of forwarding a container from the port to the inland destination

in Case 4—Port–dry port shuttling and further leg by road (O-A-D), is given by Equation (13):

CTOT
C4 = CST

p × ρ
S

p
+ CH

× λ
B+

CSH
p + CT

p, d + CSH
d

ns
+ CH + C

CU
d + CST

d × ρ
S

d+ CH + CLM (13)

For the dry port solution to be more convenient than all road transport, the following

inequality must hold:

CTOT
C4 < CTOT

C3 (14)

that is:

CST
p × ρ

S

p
+ CH

× λ
B+

CSH
p + CT

p, d + CSH
d

ns
+ CH + C

CU
d + CST

d × ρ
S

d+ CH + CLM
≤CST

p × ρB
p + CH

× λ
s+CCU

p +CTR

If Equation (14) is satisfied, the port–dry port system operates without the need for

public support, and both the private operators involved and the system as a whole benefit—

the former through higher profits and greater efficiency, and the latter through a reduction

in negative externalities (e.g., congestion and environmental impacts).

If Equation (14) holds as an equality, there is no direct advantage or disadvantage

for private operators in adopting the dry port solution; however, the overall system still

experiences a net benefit. Conversely, if case Equation (14) is not satisfied, the market
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requires financial aid—an incentive equal to ( C TOT
C4 − CTOT

C3 )—for the port–dry port system

to remain economically viable.

Synthesis of the Method

This section has set out a process-centred feasibility method that connects three layers

in a single causal chain: process analysis and reengineering, operational cycle design,

and unit economics. Starting from AS-IS/TO-BE mapping, we quantify the time drivers

associated with stack strategy, re-handles, documentation, and customs timing, and we

translate these into resource usage through time-driven costing consistent with TDABC

principles. The resulting process times and cost rates inform the sizing and operational

scheduling of a dedicated port–dry port shuttle. Feasibility is then assessed by comparing

unit cost and cycle time against all-road and conventional block-train baselines. Adoption

is recommended when the redesigned configuration delivers lower or comparable costs

and times; robustness is checked through sensitivity on capacity cost rates and utilisation,

ensuring that conclusions do not hinge on knife-edge parameters.

5. Case Study: Port of Genoa—Dry Port of Rivalta Scrivia

In this section, the methodology described in Section 4 is applied to the case study of

Genoa Port—Rivalta Scrivia dry port in Italy.

5.1. A Dry Port for the Port of Genoa

Italian ports contribute approximately 2.6% of the national GDP, handling around

500 million tonnes of cargo per year [27]. Among them, the port of Genoa, located in

northwestern Italy, plays a leading role in the national maritime sector, accounting in

2023 for 10% of total tonnage and 21% of total container throughput handled by Italian

ports [27].With a diversified traffic mix—including liquid bulk, dry bulk, ro-ro and container

traffic—and a throughput of 49.6 million tonnes in 2021, the port of Genoa stands as Italy’s

most important seaport, serving the country’s key industrial regions: 26% in Lombardy,

18% in Triveneto, 15% in Emilia-Romagna, 8% in Piedmont, and 3% in Liguria [28]. Within

the port, the PSA Genoa Prà container terminal is the largest gateway container terminal in

Italy and among the largest in the Mediterranean basin, handling 1.45 million TEU in 2021

(Table 5).

Table 5. PSA Genoa Prà terminal traffic volumes, year 2021 [28].

20’ 40’
Total

Container
TEU

Unloading
Full 119,652 188,321 307,973 496,294

Empty 19,960 110,779 130,739 241,518
TOT 139,612 299,100 438,712 737,812

Loading
Full 105,711 253,120 358,831 611,951

Empty 23,585 40,617 64,202 104,819
TOT 129,296 293,737 423,033 716,770

Tot. Full 225,363 441,441 666,804 1,108,245
Tot. Empty 43,545 151,396 194,941 346,337

TOT 268,908 592,837 861,745 1,454,582

To validate the methodology proposed in Section 4, the PSA Genoa Prà container

terminal was chosen. Although it is not a port but a terminal, it can be functionally regarded

as an independent port, given its dedicated highway junction and direct rail connections.

Like many Italian ports and terminals, the PSA Genoa Prà terminal faces major inefficiencies

arising from non-optimised processes, increased traffic, limited available space due to land
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morphology, and proximity to a dense urban area. One potential solution to mitigate these

issues is the implementation of a shuttle rail service linking the terminal with an inland

location, aimed at rapidly freeing up port areas and improving overall efficiency.

The Rivalta Scrivia dry port, located approximately 70 km from the port of Genoa,

beyond the Apennine mountain range (see Figure 12), is formally authorised by the Italian

Customs Authority. It enables the consolidation of large cargo volumes, serving as both

an origin and destination node for goods, and thus allowing medium- and long-distance

rail forwarding from the dry port. Moreover, Rivalta hosts Italy’s first Fast Customs

Corridor [5], further enhancing its suitability as a strategic dry port for Genoa. This

configuration supports the goal of increasing the share of rail transport from the Port

of Genoa—currently around 14%—by improving the efficiency of inland flows. Finally,

the dry port of Rivalta Scrivia lies along the “Terzo Valico” high-speed/high-capacity

railway line, part of the Rhine–Alpine Corridor within the Trans-European Transport

Network (TEN-T). Scheduled for completion in 2026, this infrastructure will enable the

operation of 2000–2200-ton trains, further strengthening the port–dry port connection and

its competitiveness.

Figure 12. Location of PSA Genoa Prà container terminal and Rivalta Scrivia dry port.

The method presented in Section 4 was applied to the case study of Genoa Port–Rivalta

Scrivia dry port.

Data and information collection for this case study were collected primarily from the

following sources:

- The authors’ direct professional experience in the field (one of the authors previously

served as general manager of Rivalta Scrivia dry port);

- Official databases of the port of Genoa (provided by the Port Authority of the Western

Ligurian Sea) and of the Rivalta Scrivia dry port (provided by Rivalta Terminal Europa,

the company managing the facility);

- In-depth interviews with industry experts—including representatives from the Port

Authority, Multimodal Transport Operator, shipping lines, terminal operators, and

the customs authority—were conducted to validate the case-study results.
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Step 1 of the methodology—corresponding to the analysis and reengineering of logis-

tics processes—is presented in Figures 8–10. The output of this step consists of the times

and cost parameters associated with each process.

The application of steps 2 and 3 of the methodology is presented in the following sections.

5.2. Case Study—Operating Cycles Analysis (Phase 2)

The operating cycles for the Genoa Port–Rivalta Scrivia dry port connection were

defined for both block trains and shuttle trains configurations. Figure 13 illustrates a

comparison between the two operating cycles.

Figure 13. Case study: operational cycle using block trains (left) and shuttle trains (right).

Assume that, at 0:00 h, a block train departs from the port. The travel time to the

dry port is 1.5 h, so the train arrives at 1:30 a.m. Upon arrival, shunting operations

are performed (1:30–1:45 a.m.), after which the train is moved to the dry port rail yard

(requiring an additional 15 min). At the dry port, the train is unloaded and reloaded using

terminal equipment—typically reach stackers or RMG cranes. Once loading operations

are completed, further shunting and technical inspections are carried out (including brake

tests and load checks). The electric locomotive is then coupled, and by 4:00 p.m., the train

is ready to depart for the return trip to Genoa. After another 1.5 h journey, the train arrives

at the Port of Genoa at 5:30 p.m., where similar operations are repeated. In the example

illustrated in Figure 13, the complete block train cycle takes approximately 8 h, allowing

for only one round trip (outbound and return) within the considered time window.

In the case of shuttle train operations, three wagon fleets and one locomotive are

employed, enabling two round trips (i.e., two outbound and two return journeys) within

10 h(see Figure 13).When using six wagon fleets and two locomotives, the total cycle time

is further reduced to approximately 2 h, allowing up to 12 shuttle train movements within

a 24 hour period. Upon completion of the “Terzo Valico” high-speed/high-capacity rail

line, the interval between consecutive shuttle cycles will increase, resulting either in a

less constrained system or, alternatively, in the possibility of operating more trains while

maintaining the same frequency—thereby enhancing overall capacity and throughput.

5.3. Case Study—Economic Analysis (Phase 3)

This section presents the results of applying the economic models described in

Section 4.3 to the Port of Genoa–Rivalta Scrivia dry port case study, considering three

inland destinations in Italy—Milan, Padua, and Udine. For each destination, four transport

alternatives were evaluated (see Figure 14):



Appl. Sci. 2025, 15, 11715 23 of 32

1. Conventional rail transport using block trains;

2. Shuttle trains followed by an additional rail leg;

3. All-road transport;

4. Shuttle trains followed by an additional road leg.

Figure 14. Case study Genoa Port–Rivalta Scrivia dry port cases analysed. Green lines: Milan

destination; Yellow lines: Padua destination; Red lines: Udine destination.

It is assumed that a block train and a shuttle train consist, on average, of 11 and

35 wagons (containers), respectively, with different train loading factors, based on the input

data presented in Table 6, Table 7 reports the results of the economic analysis described in

Section 4.3, applied to the three destinations.

Table 6. Data used for the analysis. Source of data: Italian industry experts.

Parameter Value

Average dwell time [days] when using dry port 1

Average dwell time [days] when NOT using dry port 7

Free port time [days] 4

Average number of rehandles needed when using dry port 0

Average number of rehandles needed when NOT using dry port 1.5

Average number of wagons per shuttle train 11

Average number of containers per wagon 25

Average number of wagons per block train 35

% of filling of a block train 0.7

Average number of storage days at dry port [days] 4

Free dry port time [days] 6

Average number of storage days at inland terminal [days] 7

Free inland terminal time [days] 8

For the Genoa–Milan connection, the most convenient alternative is Option #4, which

involves using shuttle trains from Genoa to the Rivalta Scrivia dry port, followed by road
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transport to the final destination. This configuration results in a total cost of EUR 642 per

container (considering a 20’ container). The use of conventional block trains presents a

slightly higher cost, equal to EUR 731 per container. In contrast, all-road transport, under

free-flow traffic conditions, would cost approximately EUR 540 per container (calculated

as 274 km × EUR 2/km). However, the frequent congestion along the Genoa–Milan

corridor significantly increases travel times, thereby reducing the number of daily trips and

profit margins for road hauliers, while also increasing fuel consumption. As a result, the

effective truck cost can rise to around EUR 750 per container. Finally, the shuttle–block train

combination does not represent a viable alternative for such a short distance, as shunting

operations have a disproportionate impact on total costs.

For the Genoa–Padua connection, the preferred alternative is rail transport using

a shuttle train from the Port of Genoa to the Rivalta Scrivia dry port, followed by a

conventional block train to the final destination, with a total cost of EUR 735 per container.

This option is closely followed by intermodal transport using a conventional block train

directly from Genoa to the Padua freight village, and a final road leg, with a total cost of

EUR 756 per container. Provided that there is sufficient cargo volume, and, despite the

lower operational flexibility of rail compared to road transport, the rail-based solution

remains preferable. This outcome confirms the general principle that economies of scale in

rail transport become significant beyond distances of approximately 400–500 km.

The results for the Genoa–Udine connection are analogous to those obtained for the

Genoa–Padua case. The most cost-effective alternative is the shuttle train connection

between Genoa and the Rivalta Scrivia dry port, followed by a conventional rail leg to

Udine, with a total cost of EUR 785 per container. The conventional intermodal alternative is

nearly equivalent in cost (EUR 819 per container). However, in practice, there is insufficient

traffic volume from Genoa to form a complete train to Udine, as indicated in Table 6, where

the average train load factor is around 70%, and sometimes even lower depending on the

rail line.

Thus, the rail option becomes economically viable only by leveraging Rivalta Scrivia’s

hub function through the use of shuttle trains. Consequently, the competitiveness between

conventional block trains and shuttle train systems using a dry port as an inland hub

depends primarily on the train load factor. For economic sustainability, it is essential

that the inland node (whether a dry port or a freight village) be located within a traffic-

generating environment.

In summary, the economic analysis applied to the case study demonstrates that the

shuttle train + dry port model is more advantageous than either road transport or conven-

tional block train operations only for specific destinations. This outcome depends not only

on distance, but also on operational processes, traffic volumes, and commercial factors.

The comparison of transit times, provided in Table 8, shows that full intermodal

block-train solutions are not always the fastest option, as they suffer from additional

handling, storage, and shunting operations at both port and inland terminals. Conversely,

hybrid configurations in which containers are quickly shuttled to a dry port and then

dispatched by road systematically emerge as the most time-efficient across all corridors,

even outperforming pure road transport. This confirms that the main temporal bottleneck

is not the road leg itself, but the dwell time inside the maritime terminal. As a result, dry

ports act not only as rail facilitators but also as time compressors, enabling faster cargo

release independently of the final transport mode.
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Table 7. Comparative economic analysis of four transport alternatives for three case studies (Genoa–Milan, Genoa–Padua, Genoa–Udine). Source of data: Italian

experts in the field.

Case 1

Genoa-Milan (Treviglio)
(Through Rivalta Scrivia Dry Port and/or Milano

Smistamento Rail Station)

Case 2

Genoa-Padua (Piove di Sacco)
(Through Rivalta Scrivia Dry Port and/or Padua

Freight Village)

Case 3

Genoa-Udine
(through Rivalta Scrivia Dry Port and/or

Pordenone Freight Village)

CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4

COST ITEM

MEA-
SURE-
MENT
UNIT

UNI-
TARY

VALUE

Inter-
modal
with
Block
Trains

Port-Dry
Port

Shuttling
and

Further
Leg by

Rail

All Road

Port-Dry
Port

Shuttling
and

Further
Leg by
Road

Inter-
modal
with
Block
Trains

Port-Dry
Port

Shuttling
and

Further
Leg by

Rail

All Road

Port-Dry
Port

Shuttling
and

Further
Leg by
Road

Inter-
modal
with
Block
Trains

Port-Dry
Port

Shuttling
and

Further
Leg by

Rail

All Road

Port-Dry
Port

Shuttling
and

Further
Leg by
Road

1 Storage at port
[€/day x

cntr]
20 40 60 0 40 0 60 0 40 0 60 0

2

Port handling
(rehandles and
loading on rail
wagon/truck)

[€/cntr] 40 100 100 40 100 40 100 40 100 40 100 40

3
Customs

clearance at port
[€/cntr] 215 215 215 215 215 215

4 Shunting at port [€/train] 650 650 650 650 650 650 650 650

5
Rail leg (with
shuttle trains)
port-dry port

[€/train] 1100 1100 1100 1100 1100

6
Shunting at dry

port
[€/train] 300 300 300 300 300

7

Dry port
handling

(unloading and
loading on

wagon/truck,
rehandles)

[€/cntr] 35 70 70 70 70 70

8
Storage at dry

port
[€/cntr] 20 0 0 0 0 0

9
Customs

clearance at dry
port

[€/cntr] 177 177 177 177 177

10
Shunting at dry

port
[€/train]

n
ot

ap
pl

ic
ab

le

300 300
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Table 7. Cont.

Case 1

Genoa-Milan (Treviglio)
(Through Rivalta Scrivia Dry Port and/or Milano

Smistamento Rail Station)

Case 2

Genoa-Padua (Piove di Sacco)
(Through Rivalta Scrivia Dry Port and/or Padua

Freight Village)

Case 3

Genoa-Udine
(through Rivalta Scrivia Dry Port and/or

Pordenone Freight Village)

CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4

COST ITEM

MEA-
SURE-
MENT
UNIT

UNI-
TARY

VALUE

Inter-
modal
with
Block
Trains

Port-Dry
Port

Shuttling
and

Further
Leg by

Rail

All Road

Port-Dry
Port

Shuttling
and

Further
Leg by
Road

Inter-
modal
with
Block
Trains

Port-Dry
Port

Shuttling
and

Further
Leg by

Rail

All Road

Port-Dry
Port

Shuttling
and

Further
Leg by
Road

Inter-
modal
with
Block
Trains

Port-Dry
Port

Shuttling
and

Further
Leg by

Rail

All Road

Port-Dry
Port

Shuttling
and

Further
Leg by
Road

11

Rail leg (with
block trains)

port/dry
port-inland

terminal

[€/train] 2500 4000 2700 4800 3500

12
Shunting at

inland terminal
[€/train] 300 300 300 300 300

13
Storage at

inland terminal
[€/cntr] 15 0 0 0

14

Inland terminal
handling

(rehandles and
loading on

truck)

[€/cntr] 35 70 0 70 70 0 70 70 0

16 Road transport [€/cntr] 250 750 280 250 250 1100 840 300 300 1450 1200

Total cost per cntr [€/cntr] 731

n
ot

ap
pl

ic
ab

le

1125 642 756 735 1475 1202 819 785 1825 1562
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Table 8. Comparative time analysis of 4 transport alternatives for three case studies (Genoa–Milan, Genoa–Padua, Genoa–Udine). Source of data: Italian experts in

the field.

Case 1

Genoa-Milan (Treviglio)
(Through Rivalta Scrivia Dry Port and/or Milano

Smistamento Rail Station)

Case 2

Genoa-Padua (Piove di Sacco)
(Through Rivalta Scrivia Dry Port and/or Padua Freight

Village)

Case 3

Genoa-Udine
(Through Rivalta Scrivia Dry Port and/or Pordenone

Freight Village)

CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4

TIME ITEM [days]
Intermodal
with Block

Trains

Port-Dry
Port

Shuttling
and Further
Leg by Rail

All Road

Port-Dry
Port

Shuttling
and Further

Leg by
Road

Intermodal
with Block

Trains

Port-Dry
Port

Shuttling
and Further
Leg by Rail

All Road

Port-Dry
Port

Shuttling
and Further

Leg by
Road

Intermodal
with Block

Trains

Port-Dry
Port

Shuttling
and Further
Leg by Rail

All Road

Port-Dry
Port

Shuttling
and Further

Leg by
Road

1 Storage at port 3 3 1 3 1 3 1 3 1 3 1

2

Port handling
(rehandles and
loading on rail
wagon/truck)

0.2 0.05 0.1 0.2 0.1 0.05 0.1 0.2 0.1 0.05 0.1

3
Customs clearance at

port (included in
storage at port)

- - - - - -

4 Shunting at port 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3

5
Rail leg (with shuttle
trains) port-dry port

0.07 0.07 0.07 0.07 0.07

6 Shunting at dry port 0.2 0.2 0.2 0.2 0.2

7

Dry port handling
(unloading and

loading on wagon/
truck, rehandles)

0.1 0.1 0.1 0.1 0.1

8 Storage at dry port 1 1 1 1 1

9
Customs clearance at
dry port (included in
storage at dry port)

- - - - -

10 Shunting at dry port 0.2 0.2

11
Rail leg (with block

trains) port/dry
port-inland terminal

0.07 0.2 0.2 0.35 0.35

12
Shunting at inland

terminal
0.2 0.2 0.2 0.2 0.2

13
Storage at inland

terminal
1

n
ot

ap
pl

ic
ab

le

1 1
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Table 8. Cont.

Case 1

Genoa-Milan (Treviglio)
(Through Rivalta Scrivia Dry Port and/or Milano

Smistamento Rail Station)

Case 2

Genoa-Padua (Piove di Sacco)
(Through Rivalta Scrivia Dry Port and/or Padua Freight

Village)

Case 3

Genoa-Udine
(Through Rivalta Scrivia Dry Port and/or Pordenone

Freight Village)

CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4 CASE 1 CASE 2 CASE 3 CASE 4

TIME ITEM [days]
Intermodal
with Block

Trains

Port-Dry
Port

Shuttling
and Further
Leg by Rail

All Road

Port-Dry
Port

Shuttling
and Further

Leg by
Road

Intermodal
with Block

Trains

Port-Dry
Port

Shuttling
and Further
Leg by Rail

All Road

Port-Dry
Port

Shuttling
and Further

Leg by
Road

Intermodal
with Block

Trains

Port-Dry
Port

Shuttling
and Further
Leg by Rail

All Road

Port-Dry
Port

Shuttling
and Further

Leg by
Road

14
Inland terminal

handling (rehandles
and loading on truck)

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

16 Road transport 0.03 0.12 0.12 0.04 0.04 0.18 0.04 0.03 0.03 0.28 0.03

Total cost per cntr [€/cntr] 5.00 n
ot

ap
pl

ic
ab

le

3.17 3.09 5.14 3.61 3.23 3.01 5.28 3.75 3.33 3.00
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The empirical analysis clearly highlights the importance of conducting a detailed,

case-specific assessment. The best infrastructural and logistical solution must be defined

based on an in-depth analysis of market characteristics and the context-specific factors that

influence the overall performance of the port–dry port system.

Synthesis of Case Study Results

Applied to the Port of Genoa–Rivalta Scrivia system, the method shows that process

redesign materially shapes operational feasibility. Consolidating flows to a single inland

destination and relocating customs clearance to the dry port stabilises yard operations

and compresses re-handles and dwell times. Under these conditions, the port–dry port

configuration becomes time- and cost-competitive for relevant inland ranges when con-

trasted with all-road and conventional block-train alternatives, and the relative ranking

of scenarios remains stable under plausible variations in capacity cost rates and resource

utilisation. The case thus illustrates that feasibility is not a function of distance alone, but

of how processes are organised and governed.

6. Policy and Managerial Implications

The results obtained in the previous sections highlight several important manage-

rial and policy implications for enhancing the efficiency and sustainability of port–dry

port systems.

Policy Implications

• Infrastructure investments: Policymakers—including port authorities and rail infrastruc-

ture managers—should promote investments that facilitate the use of rail transport

between ports and inland areas. This includes increasing the availability of rail slots

and adopting technological solutions that ensure efficient and reliable cargo movement

by rail.

• Local economic impact: For a dry port to operate effectively, customs clearance should

be performed inland. This relocation can stimulate economic growth in inland areas,

but may also cause resistance among port-based customs brokers who fear job dis-

placement. It is therefore essential to manage this transition by demonstrating that

such a shift enhances port efficiency and competitiveness, enabling ports to handle

larger cargo volumes.

• State aid and incentives: Public authorities (mainly regional and national governments)

should consider financial support for port–dry port systems that are not yet econom-

ically viable but can (i) deliver significant environmental and social benefits for the

region and the national logistics network and, (ii) enable the performance of longer,

fully loaded trains from inland hubs where freight volumes are typically higher than

in seaports, thereby increasing the competitiveness and profitability of rail transport.

• Regulation and protocols: Customs and port authorities should establish clear regulations

and operational protocols to support inspections carried out outside port areas.

• Promotion: Policymakers should actively promote the adoption of port–dry port sys-

tems, highlighting their potential for freight consolidation and logistics optimisation.

Managerial implications

• Processes and technology: Terminal managers, both at ports and inland facilities, should

focus on redesigning operational processes to support effective port–dry port systems.

If tracking technologies are adopted, trucking companies should invest in real-time

monitoring systems to ensure visibility and coordination along the corridor.
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• Training: Port and dry port managers should invest in employee training programs

to help staff adapt to new operational procedures and technological innovations,

ensuring smoother transitions and more resilient logistics operations.

7. Conclusions

This paper reframed the feasibility of a port–dry port system from a distance/location

view to a process-centred logic that links process analysis and reengineering to operational

cycle design and unit economics. Applied to the Genoa–Rivalta Scrivia system, the method

shows that how processes are organised and governed—rather than distance per se—

determines time, cost, and reliability outcomes.

The analysis identifies two primary sources of inefficiency: the interaction between

multiple inland destinations and yard stacking, which inflates re-handles and destabilises

operations, and the timing/rigidity of customs clearance, which couples train departures

to document availability and undermines rail reliability. Mapping AS-IS/TO-BE processes

quantifies these mechanisms and makes their economic consequences explicit through

time-driven costing.

Feasibility improves materially when flows are consolidated to a single inland destina-

tion served by a shuttle train and when customs clearance is relocated to the dry port under

an appropriate regulatory arrangement. Under these process conditions, the port–dry

port configuration becomes time- and cost-competitive against all-road and conventional

block-train baselines for relevant hinterland ranges, with robustness confirmed by sensi-

tivity to capacity cost rates and utilisation. For terminal operators and port authorities,

the priorities are to adopt single-destination stacking for shuttle-bound flows, decouple

clearance from quay-side timing via off-port schemes, and synchronise yard procedures

and rail paths. For policymakers, predictable rail capacity, customs frameworks that enable

off-port processing, and data-sharing among actors are key enablers to unlock benefits

at scale.

The evidence rests on a single case study; external validity should be tested across

multiple ports, governance settings, and demand profiles. Costing is time-driven and

process-based but does not allocate full corporate overheads (as in a complete ABC) across

multi-actor boundaries; future work will incorporate TDABC with harmonised accounting

data to examine overhead sensitivity. Scenario design assumes deterministic operations;

extending to stochastic/disruption-aware models (e.g., weather, labour, berth conflicts) and

dynamic train scheduling would strengthen realism. Environmental and safety impacts

were discussed qualitatively; integrating well-to-wake emissions, local externalities and

near-miss/safety metrics into the process–cycle–economics chain would provide a fuller

assessment. Finally, a before–after evaluation of implemented process changes would offer

causal validation beyond simulated scenarios.

In sum, this study demonstrates that dry-port feasibility is a process outcome. By

making process drivers measurable and linking them to cycle design and unit economics,

the approach provides a transparent decision basis for managers and policy makers while

opening a tractable path for multi-case, stochastic, and TDABC-enhanced research.
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