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Abstract

Despite the millenary tradition of the city, the current port of Venice was built only about a hundred of years ago and located in a
suburb named Marghera. The lack of an updated regulatory plan and of suitable inland transport connections have made it difficult
to increase commercial traffic after the crisis of the chemical industry, although a strong growth in the luxury cruise industry. Only
the construction of new infrastructures (both land and sea side) and the recovery of many abandoned areas have given a new
impetus to the port.

However, the reduction in maritime traffic caused by the COVID-19 pandemic has led to a drastic decline in commercial
movements and cruises, with the risk of a total economic collapse. The recent approval of the National Recovery and Resilience
Plan, that identifies ports as strategic infrastructures, and the approval of the “Strategic Development Plan” aimed at establishing
the “Simplified Logistics Zone of the Port of Venice and Rodigino” by the Veneto Region, have directed new investments towards
the port of Venice. Furthermore, the growing awareness of the weakness of the lagoon ecosystem, the need to preserve Venice and
the impossibility of enlarging the port areas have led to the need for new infrastructures that still allow the use of the current port.
This article will mainly evaluate the technical-economic feasibility of new docking points outside the Venice lagoon that can be
used by passenger ships of gross tonnage over 40,000 tons and by transoceanic container ships. Measures to improve the
accessibility of the current seaport and dry port through new road and rail infrastructures will also be examined and evaluated.
Indications are given regarding the necessary regeneration of the current sea- and dry-port and interventions aimed at ensuring
greater environmental sustainability, such as cold ironing and electric mobility.
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1. Introduction

Maritime trade and shipping have experienced an exponential growth in recent years, also thanks to technological
developments and the increasing size of container ships. Although the Covid-19 pandemic has recently led to a decline
in ship movements, maritime trade remains an important pillar of the economy of many countries. Maintaining the
competitiveness and efficiency of seaports, planning future strategies, and improving seaport logistics are the basic
activities for the growth of a country overlooking the sea.

Today seaport is a set of entities with different dimensions (logistics, trade, manufacturing, transport, shipping,
tourism, etc.): it is part of a complex supply chains system, which includes connections with the hinterland (Musso et
al., 2013). The growth in international trade, the increase in ship capacity and the growing number of containers to
manage can led to different issues, such as too many activities concentrated in a small space, lack of free spaces, road
network congestion in the seaport and the nearby city, and environmental problems which cause the seaport crisis. To
solve these problems and maintain competitiveness the authorities can improve the infrastructures in two main ways:
the first one is the extension/improvement of the seaport (inland or on the sea) while the second one is the improvement
of the accessibility with the hinterland.

Some authors (Kro$nicka, 2019; Pachakis et al., 2017; de Jong et al., 2012) identified two main solutions for the
seaport improvement to harbor the increasing vessel sizes. The first is the movement of the port towards deeper water
along the coast trough the construction of an artificial peninsulas on the seacoast or river mouth. Example of port
extension (land reclamation) into the sea are Jebel Ali (Dubai), Rotterdam (The Netherlands), Gdansk (Poland),
Bremen (Germany), Helsinki (Finland), Antwerp (Belgium) and recently Trieste (Italy). The second solution is the
open water port (or “off-shore port”) concept: this minimize the impacts on coastal processes but have a strong impact
on development of maritime areas, as it is an artificial island, built reclaiming the land. Some examples are Yangshan
(China), Kobe (Japan) and Hadera (Israel). Often both these solutions do not provide sufficient shelter from waves
and breakwaters need to be erected to provide artificial calm conditions. In all cases, before carrying out the port design
it is important to study the local coastal system, including morphological processes.

Since a large part of the European market takes place in the hinterland, the need to improve the relationship between
seaport and hinterland and the need to help accommodate larger flows between seaports and their hinterland required
to set an intermediary terminal inland (i.e., a dry port). The key factors for the development of a dry port are the
geographical characteristics of the area, the modes of transport available, the accessibility/connectivity and the
integration with the supply chain (Nguyen et al., 2021; Roso et al., 2009). Rodrigue and Notteboom (2012) indicate
that the most significant logistics cost is the transportation one, underlining the importance of an accessible location.
A direct corridor to the seaport through the dry port confers a high level of accessibility due to the low cost of
distribution (Gonzalez-Aregall and Bergqvist, 2019). Although the sea- and dry port connection is often made using
road transport, Lupi et al. (2018) underline the convenience of intermodal transport (even over a short distances) to
eliminate the pre-haulage and related operations. The use of shuttle services consisting of trains with a scheduled and
fixed composition, with high transport capacities and following the same route, guarantee a railway service with a
lower cost and less time for terminal operations with respect to a road transport service.

Italy is one of the countries that handles most of the containers coming from the sea in the Mediterranean area (11.3
million TEU in 2021). Although in Italy the number of ports is very high, only 7 port system authorities! have handled
500,000 or more TEU in 2021. The greatest limit of Italian ports is represented by the draft: the average of the main
European ports is 18 meters while in Italy the average is about 12.3 meters. The increase in ship size requires most
Italian ports to improve the handling infrastructure, increase storage capacity and expand terminals. The condition of
many Italian ports is critical as they are located near cities that limit their expansion. The Covid-19 pandemic has
highlighted the weakness of Italian ports and logistics systems in container transport which reveal system inertia,
limited inclusion in the global network of maritime connections and the dependence of traffic on the immediate
surrounding hinterland, due to the inadequate size of the port, the insufficient financial resources, and the poor

! The Italian Legislative Decree n. 169/2016 established 15 Port System Authorities for planning, coordination, and regulation of the port system
each in its own reference territory.
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competitiveness. Some authorities proposed significant improvements to port infrastructure but many of these projects
are not yet realized mainly due to the lack of adequate funding. The recently National Recovery and Resilience Plan
(PNRR) (2021) identifies ports as strategic infrastructures and represent an adequate funding form in response to the
many unrealized projects, for the enhancement of regional networks and the development of ports, logistics and
maritime transport.

The modernization and regeneration of the Venice seaport is a necessary action to allow it to be more competitive
at a national level and more cooperating with North Adriatic Port Association (NAPA)? to create a solid North Adriatic
region of influence. The funds made available by the PNRR can be considered a valid solution to undertake the
necessary modernization activities. With this background, the Authors will evaluate the technical-economic feasibility
of four possible future scenarios of sea- and dry ports in the Venice hinterland and new rail connections between them
to give valuable help to decision makers. The assessment will be performed using the Multicriteria Analysis (MCA)
with Analytic Hierarchy Process (AHP) and the scenario planning approach. Indications will be given regarding the
improvement for the current seaport and dry port according the PNRR addresses and aimed at ensuring greater
environmental sustainability, such as cold ironing.

2. Methodology

The location of one or more ports is a multi-objective problem since it involves very different factors (economy,
environment, accessibility, territory, etc.). According to some researchers (Parola et al., 2017; Musso et al., 2013) the
key factors are many, including (sea and dry) port competitiveness, port and transport infrastructures performance,
logistical and accessibility factors. The growing contestability of the port hinterland gives priority to competitiveness
factors beyond port borders, such as internal connectivity and land transport infrastructures (Rodrigue and Notteboom,
2012). The specific trends that are shaping the recent development of the port sector are: the growing economies of
scale in shipping, the increase in cooperation between nearby ports and the pressure imposed by green and
sustainability challenges.

To evaluate the best solution for sea/dry ports in Veneto region, the Authors use the MCA with the AHP and the
scenario planning approach (Fig. 1a). MCA is an instrument to helps decision maker to follow a more rational and
efficient process by considering a variety of alternatives to carefully evaluate the “best” decision with multiple criteria
and conflicting objectives (Awad-Nufiez et al., 2016). MCA include economic and non-economic variables, using both
quantitative and qualitative measurements. The objective of the MCA is subdivided in different criteria and they, in
turn, are divided into sub-criteria. Each identified criterion is assigned a weight representing its importance in
comparison with other criteria in the same group and at the same level. From the literature there are many methods to
identify the weight, but no significant differences in results were found and many researchers recommend should pick
the more advantageous and proper method for each specific evaluation. The AHP method was used to obtain the
criteria weight. This method helps capture both the subjective and objective aspects of a decision by reducing complex
decisions to a series of pairwise comparisons (Carrarese et al., 2022; Nguyen et al., 2021; Pasetto et al., 2020;
Nazemzadeh and Vanelslander, 2015). All weights and preference scores are pooled into the multi-criteria analysis to
obtain the ranking of each alternative. The sensitivity analysis is applied afterward to examine how the final solution
may change when we adjust the weight of a factor. The scenario planning approach is a method (O’Brien and
Meadows, 2013) to develop and test possible future scenarios to make decision in an uncertain context, ensuring in
this way a systematic and as much as possible quantitative analysis.

The Authors have analysed the port-hinterland settings consisting of seaports’ characteristics to which the dry ports
connect, the characteristics of the hinterland which dry ports aim to serve and the physical transport corridors
connecting the hinterland and the seaports. After that the Authors have defined four possible scenarios using the last
approach and they have applied to each of them the AHP method to perform the MCA. The process followed to identify
the best solution is illustrated in Fig. 1a. The objective of the MCA is the definition of the best setting and position of

2 The cooperation and coordination agreement between the ports of Rijeka (Croatia), Koper (Slovenia), Trieste (Italy), Venice (Italy) and
Ravenna (Italy).
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sea- and dry port of Venice. The criterion categories are environmental, economic, transport infrastructures,
accessibility, location, port infrastructures and performances factors. The Authors considered sea/dry port
infrastructures and its performance (draft, berths, terminal characteristics, capacity, railway connections), transport
infrastructures and its performance (road, railway and airport infrastructure, railway terminal length and inland
waterways), accessibility over sea and land side, geographical location, costs of transport services between the sea and

the dry ports (Fig. 1b).
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Fig. 1 (a) Process to identify the best solution (source: Authors); (b) criteria and subcriteria for the Multicriteria Analysis (source: Authors).
3. Evaluation of the best solution for Venice seaport and Venetian dry port

The relocation of the seaport to Marghera was planned towards the end of the 19th century as it was impossible for
the city of Venice to accommodate other port or industrial activities. It was decided to move the port to an area, called
“Bottenighi”, mainly composed of sandbanks of the Venice Lagoon which allowed for future expansion and was
naturally protected by the lagoon itself (Pilastro, 2017). Since its foundation (1917), the port and the industrial area
recorded the greatest growth in the 1970s. With the crisis in the chemical industry, the area began a phase of decline
that was marked by the closure of many industrial plants. This crisis also brought to light the presence of widespread
pollution of soils and groundwater, the genesis of which is mainly due to the advancement of the coastline using
processing waste (from the first industrial area) as “landfill”. At the end of the 20th century, construction of
antipollution cut-off walls (Paris et al., 2010) and numerous land reclamation began to preserve the lagoon
environment.

The Venice seaport currently consists of the Porto Marghera area (approximately 14,5 km? of logistic, commercial,
and industrial activities), the Venice area (0,3 km? of passenger activities for cruise ships, hydrofoils and yachts), the
Ro-Ro terminal of Fusina (0,4 km? for semi-trailer transhipment) and the Chioggia seaport (5,3 km? of fishing
activities). Porto Marghera is the heart of the seaport and borders to the north with the ordinary railway line and the
urban area of Mestre, to the west with the urban area of Marghera, to the south with a protected area and to the east
with the Venice lagoon. Main Porto Marghera infrastructures are: 12 km of active quays, maximum draft of 11.5 m,
40 km of roads and 135 km of railways.

Considering the total annual throughput, Venice seaport today handles around 24 million tonnes of cargo (liquid,
dry bulk and general cargo) and around 500,000 TEUs. Venice is among the 9 ports with the most movements in Italy.
Looking at the NAPA, Venice ranks third behind Trieste and Koper. The containers handled in Venice seaport come
from or go exclusively to Veneto region or North Italian factories (North Adriatic Sea Port Authority, 2022). Panaro
et al. (2022) shown that almost the 30% of Venetian manufacturing companies use Venice seaport for their traffic and
almost the 95% of these companies prefer the road transport (for cost and quality of service).
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Among the ports of the high Adriatic Sea, Venice also has a high tourist flow through cruise ships. Before the
pandemic it was about 1.5 million tourists a year, but today this flow has decreased due to the ban on the passage of
ships within the city of Venice and the difficulty in identifying other suitable piers for mooring cruise ships. However,
the tourism sector is important in economic growth of a country, and a passenger terminal strong connected and close
to the city centre is more advantageous.

The Venice seaport has a good connection with the hinterland through many types of transport infrastructures. The
inland waterways allow a direct connection with Mantua and Cremona through a container barge service. From the
railway point of view Porto Marghera has a very extensive and capillary network that connects all the terminals to the
internal railway station (called “Marghera Scalo™). This station is in the northern area of the seaport, and it has recently
been modernized in terms of track lengths, number of tracks and technological systems, bringing it near to European
standards (railway terminals with more than 10 tracks with a maximum length of about 700 m). The main problems
are the single-track connection between the seaport and the national network and the single-track connection between
the north and south of the seaport. The last one has a considerable length (11 km) and serves many companies making
difficult a service with a high frequency (also due to the low speed of the trains and their high length). Recent studies
(Pasetto et al., 2020, Pasetto and Giacomello, 2019) have shown that it is necessary to build a second station (in the
south seaport area) for better access and a reduction in exit times from the seaport itself. This station would also serve
anew container terminal (area of 900,000 m?, berth of 1400 m) in the former Montesyndial factory area. Such a railway
hub would be equipped to allow direct transhipment via rail-mounted gantry cranes extending over the railway tracks.

Therefore, starting from the need to grow the Venice seaport, the authors outlined the four future scenarios,
hypothesizing that the presence of a dry port in the hinterland is necessary to move some activities from the seaport,
optimizing wares transfer to the seaport and therefore to the ships.

The closest Venetian dry ports are Padua and Rovigo, the first at about 34 km and the second at about 80 km from
the Venice seaport. All the sea- and dry ports considered in this study are “Core Node” of Trans-European Transport
Network (TEN-T) for Mediterranean and Baltic-Adriatic Corridors (EU Regulation 1316/2013 and 1315/2013) and
have a good accessibility to the main transport networks (both highway, railway, and airport networks).

3.1. Scenarios definition and best solution identification

The recent approval of the PNRR, that identifies ports as strategic infrastructures, and the approval of the “Strategic
Development Plan” aimed at establishing the “Simplified Logistics Zone of the Port of Venice and Rodigino” by the
Veneto Region, have directed new investments towards the port of Venice. Furthermore, the growing awareness of
the weakness of the lagoon ecosystem, the need to preserve Venice and the impossibility of enlarging the port areas
have led to the need for new port and transport infrastructures. Starting from the study area identified with the
hinterland of the seaport in Fig. 2a, the Authors defined different types of infrastructures and different scenarios for
evaluating the best solution for the port of Venice. Four future scenarios were considered: 1) the first one wherein the
main Venice seaport remains Porto Marghera, enlarged only by the construction of Montesyndial terminal and the
connections between seaport and inland destinations take place mainly by railway; 2) the second one wherein the main
Venice seaport become the open seaport 1 (Fig. 2b), connected through barge link with the Montesyndial terminal,
and the main dry ports become Marghera and Padua interport with a direct railway connection through shuttle trains
from Marghera and Padua (and vice versa); 3) the third one wherein the main Venice seaport become the open seaport
2 (Fig. 3b) and the main dry port become Padua interport with a new direct railway connection (Fig. 3a) by shuttle
trains from Chioggia area and Padua (and vice versa); 4) the fourth one wherein the main Venice seaport become the
open seaport 2 (Fig. 3b) and the main dry port become Rovigo interport with a direct railway connection through
shuttle trains from Chioggia area and Rovigo (and vice versa) using the existing railway line Chioggia-Rovigo. The
railway lines used in the scenarios n. 1 and 2 are the existing one from Padua and Mestre and a new one, as described
by Pasetto et al. (2020) and Pasetto and Giacomello (2019), that would directly link Padua interport with former
Montesyndial factory area.

The need to use the existing dry ports together with the open seaports is linked to the limited space of the deep-sea
terminal facility, the existing seaport capacity problems, and the long distances from the existing (involving high
costs). Moreover, the scenarios n. 2, 3 and 4 promote a port-city integration transferring the commercial activities to
other sites to decrease the intense vehicular traffic in the bordering areas (reduction of air pollution and noise).
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Fig. 2 (a) Area of study (source: Authors); (b) Open seaport 1 (source: Pachakis et al., 2017).

The open seaport 1 (Fig. 2b) consists of an infrastructure (oil and container terminals) for transoceanic ships (up to
three 20,000 TEUs container ships at the same time). The platform is planned to extend the Venice port capacity and
strengthen NAPA’s role as European gateway. Surface of the terminals is about 330,000 m2. It is positioned 13 km off
the Venice lagoon, where the sea depth is 20 meters, and it is protected by a breakwater 4 km long. The project costs

2.1 billion of euro. Particular attention will be given to the sea environment in the phase project to reduce the effective
1mpact on the system (Pachakis et al 2017).
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Fig. 3 (a) New railway line design from “Open seaport 2” to Padua dry port (source: Authors); (b) Open seaport 2 (source: Italian Ministry of
Ecological Transition).

The open seaport 2 (Fig. 3b) is an infrastructure for large container ships located on the sea (depth of at least 17 m)
just off the Venice Lagoon, near Chioggia city, and 2.3 km away from the coast. This open seaport will consist of a
3.84 km long breakwater, a container terminal with a 1350 m long quay capable of simultaneously hosting two
container ships with capacities up to 18,000 TEUs. The project of the new terminal involves the construction of a 2.3
km maritime bridge that would connect the terminal with the existing road and railway infrastructures and with dry
ports in the surrounding area, as well as the possibility of creating a connection by river with barge service. The
estimated cost is 1.5 billion of euro.

The new railway layout presented in Fig. 3a connects the station of the Padua dry port with the station in the open
seaport 2. The layout starts from the Padua central station, pass through railway station of Piove di Sacco, using the
stretch of the existing Adria-Mestre railway line between Piove di Sacco and Pontelongo, and arrives to the existing
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Chioggia railway station. A railway junction on Brondolo station (about 4 km before the Chioggia station) allow the
trains to move to the open seaport 2. The project involves another station in the layout to consider the touristic attraction
of the local beach resorts (i.e., Sottomarina town). The new railway line costs about 350 million of euro.

The Padua dry port, with a total area of 2 million m?, is composed mainly by container terminal, logistics areas
(about 40,000 m?), executive offices, controlled temperature rooms, automated gates, specific areas for semi-trailers,
maintenance and customs areas. The container terminal moved 360,000 TEUs in 2020 (over an intermodal terminal
area of 350,000 m? which has a capacity of 750,000 TEU/year) and have 8 railway tracks of 750 m length connecting
the dry port to the Italian national network. The operations are carried out by 5 rail-mounted gantry cranes. The dry
port can rely on a very close connections and high accessibility carrying out a service with high frequency and
capillarity in the neighboring area.

The Rovigo dry port is located about 40 km south of Padua at the intersection of the Bologna - Padua and Verona
- Chioggia railway lines. The dry port features 60,000 m? of facilities and areas with rail track (connected with the
Italian national network). The activities consist in the intermodal (road-rail-barge) handling process of containers,
semi-trailers and bulk goods. The operations are carried out by wheeled cranes. There is an area intended for the
storage of empty containers.

Comparing the four scenarios, the MCA provides the following values: 21% for the first scenario, 26% for the
second one, 22% for the third one and 18% for the fourth one. The result indicates that the second scenario is the best
solution. The existing seaport would upgraded and continue to be used, crossing the lagoon with smaller boats than
the current ones. The fourth scenario is more unfavorable since it involves the use the Rovigo dry port, that is too small
actually and not good connected to the surrounding area as the Padua dry port. The sensitivity analysis confirms the
second scenario as the best solution demonstrating that the chosen solution is not subjected to a variation.

Although the construction of an artificial island in the Adriatic Sea off the coast has a higher cost rather than a
traditional seaport, the creation of an offshore port can allow greater cooperation between the ports belonging to the
NAPA. The offshore seaport could also be shared and used by other port authorities as a strategic infrastructure for
greater cooperation between ports, although there is a strong regionalization between them which leads to intense
competition even within dry ports. Moreover, dedicating an area to loading/unloading activities this solution allows to
adequately moor container vessels with the higher size with respect to the fist scenario, where inside the lagoon, with
limited spaces, a large ship would require prolonged stops for the goods unloading and greater use of the docks.

The relocation of the port hub outside the lagoon would lead to a lower need for spaces in Porto Marghera and
would be focus the attention to the mending of the urban landscape between the seaport and the city and the
preservation of the lagoon environment (minor excavation of canals and lower maintenance costs). Lastly, shuttle train
service with a low price would counteract the formation of congested transport networks near Porto Marghera.

4. Conclusions

This study is a first attempt to help the authorities/organizations (i.e., the port authority) to identify the possible
way to re-arrange the Venice port system. The Authors compare four different future scenarios: the first one, where
the Venice existing seaport (enlarged with Montesyndial terminal) and Padua dry port are connected with the existing
(Mestre-Padua) and a new (Montesyndial-Padua) rail infrastructures; the second, where the open seaport 1 is connected
with Porto Marghera through barges and with Padua dry port through railway; the third, where the open seaport 2 is
connected with Padua dry port through a new railway line (Chioggia-Padua); the fourth, where the open seaport 2 is
connected with Rovigo dry port through the existing railway line (Chioggia-Rovigo). After collecting data of the actual
Venetian area and made the assumptions for each scenario, the Authors performed the MCA with the AHP, and the
scenario planning approaches. The results indicate that the best solution is the open seaport 1 linked with Montesyndial
terminal through a barge service and the Padua dry port through a railway (shuttle train service).

A dry port generates greater benefits for the whole society because help to reduce logistical distances for customers
in the most distant economic zones, improve the cooperation of seaports with large regions through dedicated
connections and attract heavy traffic by creating high-capacity intermodal connections on long-distance with seaports.
Moreover, a dry port would allow the traffic congestion elimination near the seaport, in its gates and the neighboring
city and would benefit the environment and the quality of life. However, the implementation of a dry port requires a
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rethinking of strategies by the authorities in charge (port authority), together with city government, relevant
stakeholders, and others authority/organization.

The re-thinking of the Venice seaport would allow to increase the maritime trade for the city and the neighboring
cities (especially Padua, Treviso, Rovigo) and to increase the cooperation with other ports (particularly with the NAPA
ports). This is consistent with the modernization, the improvement and the development of the seaports indicated by
the PNRR. Indeed, this plan gives fundings for the new infrastructures’ construction (sea and land side) and to facilitate
inter-modality (building new railway connections and hubs). The new infrastructures allow also to implement new
advanced mooring techniques and cold ironing systems (considered in the MCA) to reduce/eliminate ship polluting
emissions. The use of green technologies improves the port's image towards the market and attracts companies that
share a green orientation. Furthermore, the focus on environmental sustainability, given the symbiotic relationship
between port and city, leads to planning strategies that contribute to port-city relations characterized by stability and
consensus.
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