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Abstract

The commercial and industrial growth of the urban areas with consequent specialization of the
maritime and land traffic deeply modified in the last centuries the spatial and functional relationship
between port and city. Ports became a complex of functions and interactions with the city sharing its
commercial, recreational, tourist, cultural, urban spaces and places for leisure. In addition to goods
heavy traffic, the new port configuration also attracts important flows of people linked to the cruise
sector, passenger traffic and tourism. This mix of activities, while inducing a great potential for
transformation and strong changes on the urban economy, generates several externalities on the urban
mobility system, such as congestion, accessibility, security and safety issues.

The objective of this paper is to propose a framework for actions and measures to foster
sustainability in ports. International best practices for passenger and freight port transport have been
analysed with a focus on advantages and disadvantages of already implemented procedures, both in
the short and in the long term. Most performing measures have been included in the framework, which
classify them according to the three pillars of sustainability and the Avoid-Shift-Improve approach.

The paper clearly defines the key elements needed to be taken into account when demonstrating
efficiency of port systems. The methodology can be considered suitable in order to support decision
making processes of port management entities and local policy makers regarding the assessment of
different alternatives in the short and in the long period.
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1. Introduction

In the last years, with the recent increase of maritime international trade and goods
flows, ports have diversified and qualified their operations in order to support the
growth of local businesses. They have become the engine of economic growth in
coastal cities, changing their role in the economic system from simple landings to
commercial centres and generating several thousands of jobs directly connected with
the port operation (Kotowska, 2016, Ignaccolo et al., 2018, 2020a). The activities of
such industrial and logistics centres also contribute significantly to pollution in
coastal urban areas (Marine Insight, 2011), to the point that environmental issues are
continuously emerging and becoming a competitive factor among ports (Sislian et
al., 2016). Maritime transport is in fact a contributor to global CO2 emissions - almost
tripled between 1925 and 2002 (OECD, 2010) - and to SOx and NOx emissions
(Dore, 2006, Doudnikoff, Lacoste, 2014; De Meyer et. al., 2008; Hongisto, 2014).
The externalities to which port cities are exposed are not only due to operations in
the harbour, but also to the increase of road transport caused by handling operations
in the hinterland (Viana et. al., 2014). This includes the traffic connected with
production and consumption of goods (Lindholm & Behrends, 2012) and the traffic
generated by the transhipment operations in the port, both characterized by delivery
trucks flows (Rodrigue et al., 2006). Besides, maritime trades are expected to grow
in the following years, and forecasts show that, without a significant environmental
improvement, maritime emissions are expected to further increase (Smith et al.,
2014).

Port Authorities are responsible for managing the landside and seaside of ports, so
they can play, together with operating companies, a proactive role in promoting the
protection of the environment and the sustainable development of ports. They must
govern in an innovative way according to the economic and environmental principles
of sustainability, adjusting the operations within the port to the new requirements,
while promoting regional economic impact of the ports; they should contribute to the
development of sectors such as the tourist and cultural reception, thanks to the great
potential of transformation of city areas located close to ports (Ignaccolo et al.,
2019a). Moreover, Port Authorities must act as community managers, finding the
compromise among the several port stakeholders to improve collaboration and port
performance (Verhoeven, 2010; Acciaro et al., 2014a). Furthermore, if one single
port authority can address planning and operation of several ports, optimization and
performance can be increased through an effective division of tasks.

The objective of this paper is to investigate approaches and strategies to foster port
sustainable development, aiming at pursuing of economic prosperity, environmental
quality and social responsibility (Panayides, 2006). Port critical issues have been
identified and strategies have been selected from best practice analysis. The
identified port actions promoting sustainability have been framed according to an A-
S-1 (Avoid Shift Improve) approach (Deutsche GIZ, 2015). The constructed
framework is aimed at supporting port management bodies and local administrators
in the search for solutions that ensure the efficiency of port activities but which
guarantee port sustainability.
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2. The A-S-I approach and its relationship with sustainability paradigm

The term ‘sustainable development’ first gained a major prominence in the report
Our Common Future, published by the World Commission on Environment and
Development, which is also commonly known as the Brundtland Report. Its
definition is still widely used today: “Sustainable development is a development that
meets the needs of the present without compromising the ability of future generations
to meet their own needs”’ (Brundtland, 1987).

The methodology used in this study is based on the concept of sustainability, which
is articulated in its three economic, social and environmental aspects, as shown in
Figure 1 (WCED, 1987). The strategy of the EU for sustainable development is based
on the principle that the economic, social and environmental effects of all policies
should be examined in a coordinated way and taken into account in decision making
(European Commission, 2001). This recognizes that in the long term, economic
growth, social cohesion and environmental protection must go hand in hand (Wolff,
2004). Transport systems in a sustainable society need to fulfil the principles just
defined above. A sustainable transport system then contributes economic growth and
social equity without systematically increasing concentrations of substances in the
atmosphere and degrading nature (Behrends et al., 2008). In particular, in the case of
port sustainability, the economic perspective should grant returns on investment,
efficiency and maximization of port companies’ performance while the social scope
should be a direct contribution to employment in port related activities and the
assurance of the liveability of the surrounding areas (Sislian et al., 2016); moreover
port authorities should ensure a sustainable environmental performance and
management regarding noise pollution, air quality, dredging operations and disposal
(UNCTAD, 2009).

Bearable

\V Environment Vicble Economic

Fig. 1. Sustainability paradigm (WCED, 1987)
Source: WCED, 1987
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Inspired by the principles of sustainability, in this paper the A-S-I (Avoid/Reduce,
Shift/Maintain, Improve) approach (Figure 2) has been declined into some actions
and measures to be implemented in port areas, seeking to achieve significant air
pollution reduction, congestion reduction, with the final aim to contribute to the
creation of a more liveable city.

A-5-1 APPROACH

AVOID / REDUCE SHIFT / MAINTAIN IMPROVE

- B

2 ol Improve the energy
[ Reduce or avoid ] | Sty m.alntam dine ] [ efficiency of transport

the need to travel of mcf)rriee:;;nr:“r‘\’rgs:taﬂy modes and vehicle
3 technology

Fig. 2. A-S-1 approach (Deutsche GIZ, 2015)
Source: Deutsche GIZ, 2015
Several actions can be implemented in port areas in the framework of the A-S-I
approach
Avoid — Actions aimed at reducing the demand as far as possible;
e Shift — Actions and measures aimed at the improvement of trip efficiency;
e Improve — Actions and measures focusing on vehicle and fuel efficiency as well
as on the optimization of transport infrastructure.

3. A framework for the application of A-S-I approach to port systems

3.1. Framework construction

The construction of the framework has followed the following steps:
e Analysis of critical issues within the port context

e Analysis of related best practices

e Strategies to be included in the A-S-I framework

3.2. Analysis of critical issues within the port context

The main challenges that port managers have to face are due to recent technological
innovations in the industrial world and the globalization of trade, which led to a
strong need for expansion port areas and specialization of tailored services.
Meanwhile, port areas have often become public spaces shared by citizens enjoying
the waterfront of their cities and a strong need on possible integration has emerged
in port cities. This relationship is often heavily penalized by the presence of physical,
visual or infrastructural barriers (walls, road or railway infrastructures), with the
consequent lack of connection with the sea front; moreover, the transport system and
traffic flows along the external port perimeters further hinder this relationship, often
generating e traffic flows of goods and people sharing the same infrastructures and
public spaces. Due to these reasons, a search for solutions to improve the coexistence
and sharing of spaces between ports and cities that support the administrations of the
two entities is needed.

Based on these premises, main port-related critical issues have been classified in
relation with the three sustainability pillars (Table 1).
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Table 1: Port-related critical issues classification.

Critical issues Sustainability dimension
C1. Port internal logistics system Economic; Environmental
C2. Freight accessibility Environmental; Social
C3. Application of innovative technologies and ICT Economic; Environmental
C4. Port environmental management systems Environmental
C5. Stakeholder engagement in planning processes Social
C6. Integration between city and port planning Environmental; Social
C7. Pedestrian and bicycle accessibility Economic; Social

Source: own elaboration
3.3. Analysis of best practices

Three decades ago, ports were generally regarded as homogeneous entities that
competed with each other at different operational levels. In the course of the 1990s,
however, the “port product” increasingly came to be seen as a set of interlinking
functions, with the port as such serving as one of the links in the overall logistic chain
(Musso et al., 2013). Following, a comprehensive list of current practices, that could
be labelled as good, have been identified, with the aim to examine the best practices
that are necessary in any ‘ideal port’ from a sustainable perspective.

The practices might refer to different stages that can be linked to decision-making
processes related to port or city planning and involve multiple actors both from public
and private sector. In fact, even if the decisions regarding the planning of areas and
activities are ultimately the responsibility of the port authority (and in some cases of
city policy makers), there are several stakeholders in the port sector having their own
interests and objectives, sometimes not coherent with sustainability strategy.
Shippers are firms that produce and organize freight movements to explore the
potential economic benefit from the price differences between different regions.
Carriers are firms (i.e. transportation companies or third Party Logistics Service
Providers) that operate transportation facilities and provide transportation services.
Carriers are divided into ocean carriers, land carriers and port terminal operators
according to the physical freight transportation network. Typically, shippers choose
a carrier or a sequence of carriers to deliver their products. Port Authorities determine
the regulation and provision of transportation infrastructure by investigating the
behaviour of carriers and shippers and expecting resulting effects, while their
decisions bring about the carriers and shippers’ reactions (Lee and Park, 2016).

In addition to internal stakeholders (the same port authority, its employees,
unions, shareholders, board members) and local policy makers/legislators, actors of
the decision making process include both external and community stakeholders:
transport and terminal operators, forwarding and shipping agencies and industrial
companies among the firsts; community groups, civil society organizations and the
press among the seconds (Notteboom and Winkelmans, 2002). External stakeholders
are among the main players in the port economic process, capable of changing the
port’s role in the global market; while some community stakeholders may become
aware of their relationship to the port when an unfavourable event draws their
attention (Wagner, 2017). These considerations also make one understand the
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importance of the time factor of the implemented actions: while actions with a short-
term time horizon can have rapid positive impacts while actions with a short-term
time horizon can have rapid positive impacts (with small investments and few
changes in the state of affairs), long-term impact actions must be illustrated in all
their benefits to the stakeholders, in order to guarantee a more conscious acceptance
of measures that foresee a greater use of economic resources and modifications of
the current structures. Best practices have been selected based on the participation in
successfully European Project or high positions placement in international port
rankings. The main sources of analysis of best practices were:

- The European project PORTA, PORTs as a gateway for Access inner regions
(PORTA project outline);

- The European project PORT INTEGRATION, Multi-modal Innovation for
Sustainable Maritime & Hinterland Transport Structures (PORT
INTEGRATION project outline);

- The 2018 edition of Lloyd’s List’s One Hundred Container Ports (Lloyd's List
2018).

Further information on selected ports have been retrieved from the following

sources:

- Reports and statistics from institutional websites;

- Studies and scientific publications on innovative elements and procedures.

To take due account of the complex and heterogeneous nature of ports, the selected
best practices were classified according exogenous and endogenous variables. As it
possible to see in Table 2, the two exogenous considered variables are represented
by the country and location specification of ports, because successful ports belong to
successful chains and this means that the competitiveness of individual ports depends
not only on their own strengths, but also on those of other links in the chain.

There are examples of ports located at open sea and accessible to the largest sea-
going vessels that nonetheless lose some of their competitive edge due to, for
example, inadequate hinterland connections (Musso et al., 2013). One endogenous
variable taken into consideration for the classification of selected ports was their
throughput, which is a standard measure for the productivity of seaports, measured
by twenty-foot equivalent units (TEU) handled over a period of time, generally
corresponding to a year. Moreover, according to the classification of critical issues
reported in Table 1, a set of strategic variables was identified and, for each of these
port best practices, one or more strategic variables were highlighted (see Table 2).

Starting from identified critical points, some evidences of port best practices have
been denoted, identifying seven clusters of strategies to face these issues (Table 3).
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Table 2: Identification of Port best practices

Port Country Location  Throughput  Strategic variable Source of

2017 information

Shanghai China  Yangtze Delta 40,233  Capacity; Productivity =~ IAPH, 2017

Huetal., 2011

Singapore Singapore Malacca Strait 33,666  Capacity; Productivity IAPH, 2017
PSA Singapore.
MPA Singapore,

2017.
Rotterdam Netherlands North sea 13,734 System integration; IAPH, 2017
Tech./Env. innovations; Port of Rotterdam,

Prices; Cooperation 2018
Honk Hong  China Pearl River 20,770 Technological IAPH, 2017
Delta innovation BTM Asia Pacific,
2014.
HKMPB.
Antwerp  Antwerp North sea 10,451 System integration IAPH, 2017
Port of Antwerp,
2017
Marseilles  France  Gulf of Lion 1,251 Cooperation Flemish Port
Commission

Marseilles fos. Port
of Marseilles, 2016

Amsterdam Netherlands Markermeer 0,515 Env. innovations; Flemish Port
Prices;, Cooperation; Commission
Requalification Port of

Amsterdam, 2017.
Koper Slovenia Gulf of Trieste 0,487 System integration Portseurope, 2018a
Trupac and Twrdy,
2010
ESPO, 2016
Gijon Spain  Cantabrian Sea 0,076 Integrated planning Flemish Port
Commission
Puerto de Gijon,
2017
Barcelona  Spain Balearic 3 Integrated planning Flemish Port
Commission
Puerto de
Barcelona, 2017
Malaga Spain Alboran Sea 0,296 Infrastructure Puerto de Malaga,
2017
Alicante Spain  Mediterranean 0,160 Infrastructure Portseurope, 2018b
Sea Puerto de Alicante,
2017

Source: own elaboration
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Table 3: Port best practices’ classification.

Critical Port best practices Strategies
issues
Cl. Shanghai - Singapore S1.1 Optimum use of space;
S1.2 Facilities and equipment for routing improvement;
S1.3 Efficient gate assignment and processing system.

C2. Koper - Antwerp - Rotterdam  S2.1 Infrastructure utilization to minimize congestion
S2.2 Reduction in road transport

C3. Honk Hong - Rotterdam S3 Pre-custom clearance of international freight

C4. Amsterdam -Rotterdam S4.1 Reducing the number of trips performed by gasoline
vessels;

S4.2 Use of CNG, bio-Diesel, hydrogen fuel and production
of renewable energy
S4.3 Introduction of charges and taxes

Cs. Amsterdam - Rotterdam S5.1 Collaboration among ports’ actors;
S5.2 Information campaign
Cé6. Amsterdam — Gijon - S6.1 Inclusive planning policy related to land use conflict;
Barcelona city—port plan integration
S6.2 Waterfront requalification
C7. Malaga -Alicante S7 Safety measures for no motorized traffic

Source: Own elaboration.

Best practice for CI. Port of Shanghai is the first in the top fifty global container
ports, followed by the port of Singapore!. They perform the important role of Aub,
where containers from one-liner service are transferred to another one for on-carriage
to their final destination. This huge quantity of goods needs wide storage and
handling spaces and an optimized organization of operations in order to guarantee an
efficient ship and cargo movement; moreover, in the case of ro-ro traffic, to minimize
environmental externalities related to heavy vehicles, facilities and equipment can be
used to enhance vehicle routing inside the port and in the neighbouring areas (Calabro
et al. 2020), also making use of technological support, such as sensors for traffic
detection (Torrisi et al., 2016). Such ports handle a variety of freight traffic and there
are multiple ways to measure port efficiency. In recent years a measure of active
container-ports is their throughput, measured in TEUs/year.

Best practice for C2. A good accessibility to hinterland is fundamental, since most
businesses and consumers are located outside the port area. Goods can be moved both
via truck or rail from their origin to their destination. This means that freight
movement requires an intermodal network, characterized by the integration of
different transport modes, including the infrastructure and the connections or transfer
points between the modes, often referred to as intermodal connectors. Service
disruption or insufficient capacity anywhere in the network could result in shipment
delays and increased cost (World Shipping Council, 2019). Port of Koper is a best
practice for road accessibility, presenting a high number of road accesses in respect
of its perimeter. This represents an indicator for improved traffic flow in the area
adjacent to the port because a greater number of accesses reduces the phenomenon
of congestion. In addition, the port area can be related to the amount of the port
commercial activity: so a great number of accesses proportionate to this area has an
impact on freight traffic volumes on road connections to the port. Similar
consideration can be made as far as the traffic of goods by rail is concerned,
examining the number of intermodal terminals and tons of goods by rail. Ports of
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Antwerp and Rotterdam have a good level of connection to the TEN-T network
(Trans-European Networks - Transport), which guarantees a direct link to the major
European cities through all transport modes .

Best practice for C3. In order to improve traffic performances, definitely the
application of innovative technologies can be a fundamental support (Torrisi et al.,
2018a, 2018b). Information and communication technologies (ICT) are systems
required for the port connectivity. Companies participating in the port community
develop appropriate strategies to achieve a proper choice for the integration of special
technologies and intelligent transport systems (ITS) in order to optimize their
performances. In fact, the ever-increasing demand for sea transport, effectively
involves enhancing the attention to systems capable of “intelligently” addressing the
mobility problems in their entirety (Torrisi et al., 2018c¢), by allowing more effective
and efficient overall performance of the system (Torrisi et al., 2017a, 2017b).
According to Chinese ITS development experience, attitudes and policies of the
government are important for ITS technologies innovation and industrialization, and
a well-designed framework and planning with their own need is important premises
for the ITS development for a country. Indeed, in the Chinese context, it has just
started a large-scale construction of road infrastructure, and ITS was considered as a
future and expensive tool box. Port of Hong Kong represents a best practice in this
context. In the European scenario, Port of Rotterdam can be considered thanks to the
high degree of computerized customs procedures.

Best practice for C4. In the context of maximizing port efficiency, also through the
use and application of new technologies, surely an important aspect to be taken into
consideration is the issue of environmental pollution (Giuffre et al. 2017). Ships
produce carbon dioxide emissions that contribute to global climate change like all
modes of transportation that use fossil fuels, besides producing other pollutants that
contribute to the problem. Moreover, the ship's waste, the noise pollution caused by
the vessels and the erosion of the coast in adjacent areas to the port infrastructure are
relevant hardest questions. Specialist regulations, conventions and guidelines
underpin each operation which may have an impact on environmental aspects
including emissions to air, soil and sediments, discharges to water, noise, waste
production, changes in terrestrial habitats and marine ecosystems, odour, resource
consumption and port development on land or sea. Typical of many industries, ports
adopted a combination of awareness training and tougher regulation to bridge a gap
between environmental aspirations and practice (Dinwoodie et al., 2012). In this
direction, port of Amsterdam has carried on an optimization of port spaces in order
to limit the visual intrusion, reducing navigation risks related to maritime traffic and
the number of vessels carrying hazardous goods. Port of Rotterdam has implemented
port environmental management systems for water cleaning and for energy
production from renewable sources (i.e. Off Shore wind turbines and photovoltaic
panels).

Best practice for C5. In most cases port authorities are responsible of port
development and the master plan is a medium-long term plan which establishes the
strategic planning of the port. It provides a clear vision regarding how the port will
be developed considering the time horizon and showing the potential of the
surrounding community. Nowadays, the elaboration of a port masterplan is
customary. Giving the opportunity to stakeholders to express their opinions and
expectations is a key part of the process (Cascetta, 2013; Le Pira, 2018, Ignaccolo et
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al., 2019b). For this reason, during the elaboration of the master plan, port authorities
should involve key stakeholders: representatives of public administration, citizens,
non-governmental organizations (ONG); employees' representative, etc. It is possible
to identify different levels of participation: implementation of actions, co-production,
choice of alternatives, or information. Ports of Amsterdam and Rotterdam can be
considered best practices from the point of view of stakeholder engagement in
planning processes with a high degree of participation through the establishment of
thematic meetings and information campaigns.

Best practice for C6. Another obstacle to a more inclusive planning policy may be
related to land use conflict between the public interest of the Port Authority and
Municipality and the private interest of port operators. Therefore, the need for a city—
port plan integration is outlined as a central planning issue so as to combine the
economic development of the port with social, cultural and ecological themes. In this
context, it is fundamental to involve all stakeholders in a participation process which
could take advantage of the spatial information provided by each actor based on their
own data and planning wishes (Giuffrida et al., 2019)

Port of Amsterdam has implemented visible actions constituted by a delocalization
of traffic process in favour of the development of areas for multi-purpose recreational
centres. The city of Barcelona is characterized by numerous connections by road and
by rail, which make the port a key hub for the economy of the entire Mediterranean.
In order to promote a port-city integration, commercial activities have been
transferred to other sites to decrease the intense vehicular traffic in the bordering
areas. In this way, the port has been transformed an intermodal node and a waterfront
requalification was promoted through the construction of multi-purpose recreational
centres, structures dedicated to cultural events and exhibitions areas.

Best practice for C7. The interaction between operations related to freight traffic
and recreational activities inside the port pose important safety issues for non-
motorized users, who often share spaces with heavy industry activities. In this
context, it is fundamental the creation of large spaces, pedestrian and cycle paths
(Ignaccolo et al., 2018, Ignaccolo et al., 2020b) and several interventions to improve
the accessibility of the port and the safety of no motorized users. Accessibility can
also be considered a good indicator of social inclusion (Giuffrida et al, 2017, 2018),
which allows to evaluate the port also from the point of view of the redevelopment
of public spaces. Port of Malaga has realized the pedestrianization of some areas and
the construction of recreational centres to improve port-city integration. Furthermore,
part of the city's cycle network makes the port easily accessible and to incentive the
pedestrian access to the port area, attractive facilities and a pedestrian promenade
have been planned. Port of Alicante has also a good accessibility because it is easily
reachable by pedestrians and cyclists coming from the railway station near to the city
centre through tree-lined avenues which connect the two services. In addition,
Alicante's bus station is located inside the port and it daily receives a large number
of passengers from the different provinces of Spain.

In Table 4 the allocation of the selected strategies to proper stakeholder is
presented, providing also the decision-making body and a stakeholder classification
in the four groups presented in section 3.3: (i) internal, (ii) external, (iii) legislation
and public policy and (iv) community stakeholders.

10
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Table 4: Classification of strategies according to time horizon and involved
stakeholders.

Reference

Strategy body Time Horizon Stakeholders
S1.1. Optimum use of space Port Shfl),?ﬁq/hd Internal and external
S1.2. Facﬂ.1t1es. and equipment for Port Short/Mid Internal and external
routing improvement Term
S1.3. Efficient g'ate assignment and Port Short/Mid Internal and external
processing system Term
e . Internal, external,
S2.1 Infrqstrycture utlhlzatlon to Port/City Mid/Long legislation and public
minimize congestion Term .
policy
S2.2 Reduction in road transport City Mid/Long ALL
Term
$3.1 Pre-custom clearance of Short/Mid Internal, external,
. . . Port legislation and public
international freight Term .
policy
S4.1. Reducing the number of trips Port Mid/Long Internal and external
performed by gasoline vessels Term
S4.2. Use of CNG, bio-Diesel, Mid/Lon
hydrogen fuel and production of Port Term J Internal and external
renewable energy
S4.3. Introduction of charges and Port/City Short/Mid Internal and external
taxes Term
S5.1. Collaboration among ports Port/City Mid/Long ALL
actors Term
S5.2. Information campaign Port/City Short/Mid ALL
Term
S6.1. Inclusive planning policies .
related to city—port integration Port/City Mid/Long ALL
Term
S6.2. Waterfront requalification ~ Port/City Ml,l(,igfn(ing ALL
S7.1 Safety measures for no Port/Cit Short/Mid  Internal and legislation
motorized traffic Y Term and public policy

Source: Own elaboration.

3.4. Strategies inclusion in the framework
Based on the analysis of the presented best practices, intervention strategies have
been grouped according to the critical issue and a set of indicators has been
formulated to assess their impacts, coupled with the three different approaches of the
A-S-I scheme, as proposed in Table 4.

e Avoid: Economic Measures (Introduction of charges and taxes), Environmental
Measures (Reducing the number of trips performed by diesel oil vessels),
Administrative measures (Pre-custom clearance of international freight;
Collaboration among ports’ actors)

e Shift: Reassignment of traffic to other ports (Infrastructure utilization to
minimize congestion); Reassignment of traffic to other transport systems
(Reduction in road transport); Provide services in different areas and promote
them (Optimum use of space; Information campaign)

e Improve: Vessels technologies (Use of CNG, bio-Diesel, hydrogen fuel and
production of renewable energy); Terminal project and operations (Efficient gate

11
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assignment and processing system; Improvement of existing structures (Facilities
and equipment for routing improvement; Inclusive planning policy related to
city-port integration); Improvement of port infrastructure fruition (Waterfront
requalification; Safety measures for no motorized traffic)

Table 5: Strategies, A-S-1 dimension, impacts and proposed indicators.

Strategy dirﬁéi;gon Impact Proposed Indicators
S1.1. Optimum use of space  Shift Economic I.1.1. TEUs/square metres
S1.2. Facilities and I.1.3. Contaminants and emissions
equipment for routing Improve  Environmental related to internal heavy traffic flows
improvement
S1.3. Efficient gate
assignment and processing Improve  Economic I.1.3. Throughput (TEUs/year)
system
S2.1 Infrastructure utilization . . 1.2.1 Number of road accesses to port
S . Shift Environmental .
to minimize congestion perimeter and port area
S2.2 Reduction in road 1.2.2(i) Tons of goods by rail;
transport Shift Environmental 1.2.2(ii) Number of intermodal
terminals and railway connections
S3.1 Pre-custom clearance of Avoid Economic 1.3.1 Tons of international goods
international freight cleared before the arrival
S4.1. Reducing the number of
trips performed by gasoline  Avoid Environmental 1.4.1 Tons of fossil fuel consumption
vessels
S4.2. Use of CNG, bio- 1.4.2(i) Number of vessels equipped

with clean engines
1.4.2(ii) Renewable energy

Diesel, hydrogen fuel and

. Improve  Environmental
production of renewable P

energy production in MW

$4.3. Introduction of charges Avoid Economic 1.4.3 Revenues/tons of goods
and taxes

S5.1. Collaboration among 1.5.1 Level of community

involvement (among:
implementation, coproduction,
choice, information)

S5.2. Information campaign  Shift Social 1.5.2 Number of campaigns/year
S6.1. Inclusive planning
policies related to city—port

rts’ act . .
ports-actors Avoid Social

1.6.1 Urbanization in the surrounding

- . Improve  Economic areas (United Nations, 2014)

integration

S6.2. Waterfront 1.6.2(i) Area of multi-purpose

requalification Improve  Social recreational centres/Port area
1.6.2(ii) Length of walls/fences
separating port from city

S7.1 Safety measures for no 1.7.1(i) Cycle path length

motorized traffic Improve  Social 1.7.1(ii) Pedestrian accessible

area/Port area

Source: Own elaboration.

The resulting strategies can be framed into a matrix which contains measures
according to their sustainability dimension and type of approach in A-S-I scheme

(Fig.3).

12
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Reducing the number Reduction in
of trips performed by road transport.
ENVIRONMENTAL gasoline vessels Infrastructure utilization

to minimize congestion

Introduction of charges

ECONOMIC and taxes. Optimum use of
Pre-custom clearance space
of international freight
SOCIAL Collaboration

among ports’ actors

AVOID SHIFT IMPROVE

Fig. 3. Framework for classification of port sustainability measures according to type

of strategy.
Source: Own elaboration.

Such framework can be used to help decision makers in the choice of measures to
solve criticalities in port management and implement specific strategies to promote
sustainability in port environment; in addition, the indicators relating to each measure
can be used to make a first assessment of the port's sustainability performances.

4. Conclusion

Nowadays ports can be considered crucial nodes for economic development of
regions, being a main hub for freight handling and acting as facilitators of
international trade. The recent increase in goods movement produced conflict
elements between ports and their cities and the related economic, social and
environmental externalities are generating new port’s sustainability issues.

In this study a framework for the selection of measures to improve ports’
performances through good practices identification is proposed. Main criticalities
have been identified, with a focus on port’s logistic, accessibility, use of new
technologies, environmental matters, planning and policies and attention to no-
motorized users’ safety. Best practices from European projects and international
rankings have been analysed and adopted measures and actions have been grouped
in seven clusters of strategies, classified according to the A-S-I approach and the
three sustainability dimensions. Starting from the strategies’ definition, a set of
corresponding indicators has been drafted in order to assess and monitor their
impacts.

Finally, strategies have been framed into an A-S-I/Sustainability matrix, which can
be applied as a first-stage tool to aid decision makers in the management and
assessment of ports. Further research could focus on detailed definition of the
measures and indicators tailored on specific case-study application, and the
evaluation of the introduction of a third dimension of the matrix related to the time
horizon of application of the actions.
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