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Abstract: For centuries, ports have functioned as an economic engine, facilitating maritime transport,
offering prosperity and social development to the host communities. Ports are gateways for inter-
national trade playing a vital role in the world economy, but it is not excluded that port operations
can also have adverse effects on the environment. Air and water emissions, marine sediments, noise,
waste generation, loss and degradation of terrestrial habitats and changes to marine ecosystems are
just some of the leading environmental challenges with port’s operations. Environmental manage-
ment within port operations has been a rapidly growing trend, with many ports around the world
adopting different types of approaches and initiatives to improve ecological performance. Despite
that many ports around the world have implemented greening strategies for growth and sustainable
development, there are still many other ports that work less than they should do on environmental
aspects and on the generation of ‘green ports’. These latter have fallen behind in the development
of the theme. Therefore, the work reported here aims at analyzing what the best way to act should
be, even starting from the beginning for a port that is not very innovative, in order to pursue the
practical and theoretical levels of ‘green port’.

Keywords: green ports; shipping companies; ecology; discrete choice analysis

1. Introduction to Sustainability and Green Port Concept

Sustainability within maritime transport is linked to the notion of ensuring safe, ef-
ficient and reliable transport of goods, minimizing the effects on the environment and
maximizing resource efficiency. The sustainability of the port indicates the port strategies
and activities that meet the current and future needs of the ports and their stakeholders,
protecting and supporting human and natural resources. Research has defined a green
port as a product of a long-term strategy for the sustainable development of the port
infrastructure, with attention to minimizing greenhouse gas (GHG) emissions, [1]. This
publication also suggests that green ports work to balance economic demand with environ-
mental responsibility through research and innovation because the concept of sustainability
considers social, economic and environmental issues.

The concept of the green port is more restricted than the concept of sustainable
development. The most common definition of sustainable development is: “development
that meets the needs of the present without compromising the ability of future generations to meet
their needs” (Brundtland Report 1987 entitled “Our Common Future” published by the
United Nations World Commission on Environment and Development) [2]. Therefore, it
is also possible to speak of sustainable development in the port sector when principles
coexist that take into account current and future needs dedicated to maritime transport.
The maritime industry has been seen as significant support for economic development
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over the past 300 years, and the introduction of containerization has significantly altered
the connections between players in the freight transport chain. Consequently, ports around
the world are now growing at an exceptional rate, and their performance considers not
only their production and efficiency, but also their ecological performance. Many ports
around the world have pledged to be a sustainable port and have adopted green port
strategies. The adoption of green initiatives allows ports to establish their commitments
and responsibilities towards the environment and society. Ports that invest in improving
environmental performance have three potential reasons behind. These are:

• Obtaining or improving their social license to operate;
• Improving their corporate conscience;
• Increasing their competitive advantage (cost reduction, efficiency, etc.).

Most of these initiatives allowed observing that the adoption of environmental man-
agement programs and ecologic commercial strategies bring better environmental per-
formance and substantial competitiveness. Value-added services for environmental man-
agement can bring many benefits to port cities. Value-added services (e.g., industrial
development, coastal development and port facilities) and port activities have influencing
impacts on job creation and income, on port services and supply of goods; all together they
bring productivity, growth and economic attractiveness for ports.

Ports have been seen as platforms for the circulation and conversion of material and
energy flows, and as such, they can be seen as interesting laboratories for the implemen-
tation of the ‘industrial ecology’ concept. Industrial ecology refers to the optimization
of resource consumption and the correct management of by-products (waste) through
the intensification of interactions between the various stakeholders who are in a common
geographical area [3].

There are numerous challenges to be faced when undertaking the initiative to become
a green or sustainable port. The environmental, economic and social challenges that ports
encounter include the increase in maritime traffic volumes, the increasing size of ships, the
cost of upgrading port capacity, the volatile energy prices, the transition to alternative fuels
and stricter limits on sulphur emissions principally. The latter are stimulated strongly and
even imposed by the IMO regulations.

In addition, the impact on maritime operators also needs to be considered. Indeed,
in parallel to the heavy challenges, there is even increasing pressure from shippers, who
demand green supply chains, over and above any international regulations. There is also
port state control and local port fines given in case of non-compliance with local regulations.
The latter concerns very often noise pollution.

Moreover, ports must face three main challenges to try to implement environmental
management. These are:

• Search for interested parties/competent authorities involved;
• Lack of knowledge in the implementation of sound environmental management

practices;
• The cost of environmental management measures;

In this research, it is considered that green ports should be based on the balance
between environmental impact and economic interests, as well as embodying the concept
of sustainability. Economic and environmental benefits that should be considered are the
following:

• Not consider the environment as spending;
• Pay attention to environmental protection and eco-compatible development;
• Save resources and energy in the development process;
• Strengthen environmental management;
• Build ecologically civilized ports;
• Accelerate sustainable development of the harmonious natural-economic-social model.

Following up on the above practical considerations, the primary and most profound
ethical element that characterizes the construction of a green port is the harmony between
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man and nature. The inclusion of good environmental quality, economical and efficient
resources, good ecological at tributes and healthy environmental management are eco-
nomic efficiency, social civilization, sustainable port development and ecological port
development. The construction of green ports should be included in port construction and
coastal development planning and taken as part of port planning.

By applying the notion of building green ports in port planning, reasonable port
development policies can be proposed from the environment and resources point of view,
which can facilitate the distribution of productive forces and the rationalization of the
industrial structure. This can be done starting from the concept of pollution prevention and
control for the entire duration of the port planning process, then combining these control
measures with technological innovation, with the reform and renewal of the equipment,
with production efficiency obtaining the coordination of the environment and the economic
development of the port.

This paper will investigate where the primary needs for green port development lie,
given the preferences of port users. It will do so by applying a discrete choice survey and
analysis to a representative sample of global container shipping companies. This should
allow visualizing which green elements play the biggest role in these operators’ port choice
decision making.

The intent of this paper is to make a contribution in two areas, primarily the academic
and the working sectors of the maritime environment. In terms of academic perspective,
this paper is able to demonstrate an accurate understanding of container terminal manage-
ment explaining on which aspects to intervene based on the results obtained. A second
aim of this paper is to guide and sensitize those who work in the sector with regard to the
problems that arise and develop in relation to port ecology.

Research interest in the development of the green and sustainable port concept has
always evolved around the fundamental requirement of a consistent reduction of negative
environmental impacts in all their forms [1,4,5].

Today, ports need to improve their performance in this area, and therefore are con-
stantly working on more environmentally sustainable and efficient behaviors, investing a
significant number of resources [2,3]. This helps, first of all, not to compromise economic
growth, and secondly, provides a starting point for defining and then applying new man-
agerial tools able to assess, monitor and measure the effects of the green choices made by
the responsible entities [4–6].

The new increasingly environmentally sustainable behaviors implemented by seaports
lead to reflect on a fundamental point for this research: The growth of port competitiveness
from an ecological/environmental point of view, which deeply influences the effectiveness
and efficiency of the decision-making processes of maritime companies.

This article will therefore investigate the attractiveness of a seaport from a green point
of view, and thus, more detail on how and how much the environmental parameters of
such a port affect the berthing choice processes of shipping companies. Our research
question is which environmental factors (managerial and monitoring factors) are most
effective in influencing the decision-making processes and the subsequent decisions of a
container shipping company? Furthermore, what are, therefore, the selection criteria that
these companies use to satisfy their logistical interests? The next section details the method
and the concrete model applied. Section 3 prepares the experimental design. Section 4 sets
up the experiment. Section 5 presents the results. Finally, Section 6 draws conclusions.

2. Methodology and Model Used

Pursuing environmental strategies that lead to the creation of a green port is the basis
for solving of ecological problems in the world of maritime transport. The work that has
been done through the years has been to continually and innovatively research the various
criteria and attributes that most influence the concept of green ports.

To date, there seem to be multiple criteria of influence (which govern the concept of
port greening). It is therefore why, for the first time, this research, through an operational
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phase of Discrete Choice Analysis (DCA), aims to analyze the most important of these
criteria and to highlight the key ones for a container shipping company when deciding its
approach to a port.

A discrete choice experiment makes it possible to attribute an importance value (for
the most of economic importance) to each of the evaluation and definition criteria of the
phenomenon studied so that they can be compared with each other and their importance,
setting priorities [7].

Once the importance of these criteria has been established, it is possible to proceed
with the appropriate actions, and measures to improve them in every aspect. In order to
define the discrete choice analysis, it is essential to determine what the alternatives would
be in the survey (in the form of a questionnaire) that will be conducted to highlight the
criteria mentioned before. The topic will be addressed with more accuracy in the dedicated
section.

The alternatives that were taken into consideration in this Discrete Choice Analysis
were two generic ports (Port A and Port B) in which any container shipping company
could dock.

In order to better understand the steps of the followed approach, Figure 1 reports a
flow chart that collects the necessary phases for the development of the discrete choice
analysis.

Figure 1. Phases of the analysis development. Source: Own composition.

2.1. Discrete Choice Analysis Methodology (DCA)

The theory of discrete choice analysis is based on the behavior of choice by the
respondent, where the behavioral process in making choices is central. Furthermore, the
theory of discrete choice analysis is based on the theory of “random utility”, which states
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that not all the attributes that are added to the general utility of a good or service can be
observed by the analyst.

Therefore, a product or service overall utility can be perceived and therefore written
as a composition of observed attributes and unobserved utility sources. This is explained
by Equation (1) in which the utility associated with the choice of the j-th product/service is
defined, among the many alternatives available, relative to the i-th consumer:

Uij = Vij + εij (1)

where:

• Uij represents the latent utility that the nth consumer attributes to the i-th alternative
product selected;

• Vij represents that portion of directly observable utility, also called deterministic,
systemic or representative, determined by the individual characteristics of the n-
th consumer as well as by the characteristics of the attributes of the i-th selected
good/service;

• εij represents the part of stochastic utility that cannot be directly explained by the
researcher. The presence of the stochastic error implies that the real utility, from the
researcher’s point of view, remains unobservable.

All this is based on the so-called “Consumer Theory”, according to which it is possible
to break down the usefulness of a given product/service into many utilities related to the
individual characteristics or attributes of the product/service itself and on the “Random
Utility Theory”.

2.2. The Model

Discrete choice models are disaggregated demand models, which model discrete
choices. The individual or respondent chooses from a finite number of alternatives. In
general, “the probability that individuals choose a particular alternative is a function of their socioe-
conomic characteristics and the relative attractiveness (utility) of the alternative” [7]. Therefore,
any individual or any respondent:

• Knows all the alternatives available as a whole of choice;
• Evaluates each alternative based on its characteristics;
• Associates with each alternative a level of satisfaction that is measured through an

index of utility;
• Confirms the alternatives on the basis of the level of satisfaction received and always

chooses the most attractive alternative, that is the one that gives greater satisfaction.

Two viewpoints can be observed in a model of this type. The first viewpoint concerns
that of the individual and the second one that of the modeler. The individual has a perfect
knowledge of the landscape that is being judged and always chooses the alternative that
offers the maximum utility (i.e., perfect behavioral theory), keeping in mind that the
preferences of individuals are always consistent and transitive, i.e., they do not always
show rational behavior. On the other hand, the modeler shows a point of view of an element
that has absolutely no perfect information and therefore assumes that the usefulness of the
alternative made available is defined by two components:

• A systematic component (a function of measured attributes);
• A random part that contains the errors committed by the same modeler and the latent

aspects that underlie the choice (inertia, habit, aversion, etc.).

Multinomial Logit Model (MNL)

One of the simplest and most common discrete choice models is the multinomial logit
(MNL) model that was first introduced by McFadden in 1974 [7]. In this model, the relative
utility of an alternative in a choice situation can be written as follows in Equation (2):

Ujsn = x′jsnβ + ε jsn (2)
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where:

• Ujsn is the utility that a respondent n attributes to alternative j in situations of choice s;
• xjsn

′ is k x 1 vector containing the alternative attribute levels j in the choice set s for
the respondent n;

• β is k x 1 vector of parametric values (part-worths);
• εjsn is the Gumbel error term, which incorporates the unobserved sources of utility.
• Given the random utility model, under the assumption that the error terms are in-

dependently and identically Gumbel distributed, the MNL probability (pjsn) that a
respondent n chooses the profile j in the sets of choice s as Equation (3) demonstrates, is:

pjsn =
exp

(
x′jsnβ

)
∑

j
t=1 exp(x′tsnβ)

(3)

However, the MNL shows some shortcomings, of which the three most significant are:
(1) its inability to account for taste heterogeneity between respondents; (2) its inability to
account for the fact that respondents usually answer multiple-choice questions and there-
fore, correlations might be introduced; and (3) it assumes that the unobserved components
of the utility are independent and identically distributed [8]. To go in depth on this third
point, it has to be understood that the unobserved components of the utility function have
to be independent and identically distributed.

Furthermore, the ratio between the probabilities of two alternatives has to be indepen-
dent of the presence of additional alternatives (independent from irrelevant alternatives).
Therefore, when adding a third alternative to a set of two alternatives, this should not affect
the ratio of the probability of the two other alternatives.

3. Experimental Design: Definition of Alternative

This section prepares the experimental design for the analysis in the next sections, by
defining alternatives and attributes.

3.1. Alternatives

Before carrying out the research, a clarification has to be made concerning the alterna-
tives of the experiment. In general, it is necessary to define every possible alternative to
make the experiment as realistic as possible. However, very often, the alternatives can be
numerous, and so not all of them can be included in the experiment, but it is necessary to
reduce their number. The first option is to work with unlabeled alternatives in which the
alternatives are not defined by their real name but only by their attributes and attribute
levels [8]. The other option is to work with labeled alternatives in which the attribute levels
do not vary as much as in the unlabeled experiment if the choices are kept as realistic as
possible. In this study, it was decided to work with the unlabeled alternative (i.e., without
giving a specific name to the alternatives), so as to obtain a definition of the alternatives
based on the variation of the levels of the attributes that define them. However, in this case,
this tactic was not used to limit the alternatives but rather to generalize them.

In this way, it was possible to play with various combinations of variations of attributes,
and this has ensured the study carried out was more casual and probabilistic. The search for
the attributes and the levels that define them was fundamental to be able to then define the
alternatives, and it was decided to reduce them, as specified before, to only two elements.
So, in this research, a discrete analysis study based on the use of two distinct alternatives
was used, characterized by different attribute levels. Later, as will be seen, we will talk
about alternative A (Port A) and alternative B (Port B).

3.2. Attributes

A second step in specifying the model is the identification of the attributes (often also
referred to as factors or indicators) of the choice of the port and their levels to be used in
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the discrete choice analysis, obtained by detailed research of Port Sustainability Indicators
(PSI).

An Environmental Performance Indicator (EPI) is defined as an “information tool that
summarizes data on complex environmental issues to show the general state and trends of
these issues” [4].

These attributes are increasingly developed and used as management tools to ad-
dress environmental issues. The use of attributes in environmental issues is strongly
recommended due to several reasons, namely to:

• Monitor progress and provide an overview of trends and changes over time;
• Provide simplified data that not only clearly shows the performance of an individual

authority, but also evaluates the national and regional reference performances of the
sector;

• Assess the effectiveness of implemented policies, measuring progress towards envi-
ronmental objectives and providing a reference basis for future objectives.

• Have a key role in providing early warning information, which can serve as a signal if
the situation worsens, indicating the risk before severe damage occurs;

• Can be used as a powerful tool to raise public awareness of environmental issues.

Within the port sector, potential users of environmental attributes include workers
of the port authority, companies and industries that invest in the port (such as terminal
operators or maritime agencies), political decision-makers and civil society organizations.

The development and selection of environmental attributes have become a relatively
complex process due to their multifunctional nature. For example, they are expected to
reflect a wide range of environmental problems, show trends over time, anticipate changes
and influence management decisions. Consequently, the selection of environmental at-
tributes should be accompanied by a rigorous validation process.

Although several methods for selecting attributes have been suggested, according
to [5,6], there are two main approaches to selecting attributes: Top-down and bottom-up.
The top-down approach is based on the identification of attributes from the literature
review (e.g., publications, reports and standards) and the restriction to a final set of agreed
attributes. The bottom-up approach consists of compiling the final set of attributes from the
proposals of sector stakeholders based on their perception of the problems and meanings.
The methodology performed in this research combines both methods a little, relying mainly
on a top-down approach.

For this research, it was possible to create a grouping of a series of port greening at-
tributes, defined as port sustainability attributes. Initially, a number of attributes exceeding
fifteen was found and selected from an extensive literature review [9–23].

For the study addressed here, it is not appropriate to have an excessive number of
variables, because it could be not functional for the discrete choice analysis investigation.
Therefore, the number of attributes was reduced to an appropriate number. Then, the
most relevant and significant seven attributes of port sustainability and environmental
performance were established, after a broad literature review.

Each of them were divided into sub-attributes. The first range of attributes corresponds
to the actual indicator, the second range corresponds to the splitting of the indicator into
various elements (sub-attributes) that help to define it, and the third degree (here not
specified) of specification is a clear description of the influence and effects of what was
defined in the second degree.

To be precise, the list of attributes is shown in Table 1. (with the detail of second grade
specification).
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Table 1. Port environmental attributes and sub-attributes selected for this study.

Attribute—1st Degree Attribute–2nd Degree

Costs and Charges
(always present in this kind of analysis)

Cost of supplied services for goods
Port costs and fees

Cost of supplied fuel
Cost of supplied energy

General port charges

Air Pollution

Atmospheric contaminant emissions: CO, NOX,
SO, O, PM10

Atmospheric contaminant emissions: VOCs and
particles

Gas emissions with Greenhouse effects: CO2, N2O,
CH4

Odor pollution
Carbon footprint

Noise Pollution
(waterborne, airborne, structure borne)

Noise caused by land traffic and maritime traffic
Noise caused by container loading and unloading

machinery
Noise caused by civil works machinery

Underwater noise

Water Pollution
Port water quality

Accidental spills in port waters
Quality of spilled wastewater

Resource
Consumption

Electric energy consumption
Fuel consumption

Water consumption
Waste creation and disposal

Provision of LNG bunkering facilities

Port Capacity and Productivity

Supply at port berth
Availability of feeder facilities

Provision of services
Congestion (waiting time and delay)

Capacity to store and handle hazardous cargo
Capacity to manage a big volume of traffic

Restrictions on handling and restrictions in ports
Experience, readiness and availability of port

Quality of supplied services (quickness in
operations, availability of machinery as cranes, . . .

)

Port Environmental Improvement and
Development

Existence of a certified environmental
management system (EMS) under ISO, EMAS,

PERS standardization
Existence of environmental monitoring program

(EMP)
Existence of an environmental policy and

legislation
Presence of an environmental inventory of

significant aspects (SEA)
Targets for environmental improvement and port

development
Geographical advantages

Relation with communities and human settlements
Source: own composition.

The identified indicators will be used in the next section for setting up the experiment.
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4. Generation of the Experimental Design

This section sets up the experiment with attribute levels, experiment design and
questionnaire design.

4.1. Definition of Attributes’ Levels

The first step to proceed with the generation of the design was to define the attributes
levels. This step is essential to describe the design approach from a formal point of view. In
fact, we dealt with the specific characteristics of the generated design that presuppose the
knowledge of the levels of attributes. As described before, two alternatives were introduced
to develop a choice (Port A and Port B). Thanks to a solid elaboration on the methodology
to implement a discrete choice analysis experiment, the levels assigned to the attributes are
shown in Table 2.

Table 2. Attributes’ levels definition.

Cost and
charges

20% higher port
charges (+20%)

10% higher port
charges (+10%)

Equal port charges
compared with the

current situation in any
port the company docks

(EQUAL)

10% lower port
charges (−10%)

20% lower port
charges (−20%)

Air pollution

30% higher air
pollution, very high
density of emissions

allowed and no
attention in

preserving air quality
(+30%)

15% higher air
pollution, high

density of emissions
allowed and little

attention in
preserving air quality

(+15%)

Equal air pollution,
medium density of

emissions allowed; this
reflects the current
situation (EQUAL)

15% lower air
pollution, low

density of emissions
allowed and good

attention in
preserving air quality

(−15%)

30%lower air
pollution, very low

density of emissions
and much attention

in preserving air
quality (−30%)

Noise pollution
20% higher noise pollution, very

expansive degree of noise allowed and no
importance to avoid it (+20%)

Equal noise pollution,
medium degree of noise
pollution allowed, trying
to maintain the current

noise pollution threshold
(EQUAL)

20% lower noise pollution, low expansive
degree of noise allowed, trying to minimize it

(−20%)

Water pollution High restrictions on water pollution and much
attention in preserving water quality (GOOD)

Average restrictions on
water pollution, trying to
manage and maintain the

current situation
(MEDIUM)

Low restrictions on water pollution and not
much attention in preserving water quality

avoiding its degradation (BAD)

Resource
consumption

20% higher port
resource

consumption (+20%)

10% higher port
resource

consumption
(−10%)

Equal port resource
consumption compared

with the current situation
in any port the company

docks (EQUAL)

10% lower port
resource

consumption
(−10%)

20% lower port
resource

consumption
(−20%)

Port capacity
and productivity

20% higher port capacity and productivity,
with much attention in having a good degree

of productivity to get advantages and
enhancements (+20%)

Equal port capacity and
productivity, trying to

manage and maintain the
currently good degree of
capacity and productivity

(EQUAL)

20% lower port capacity and productivity, with
carelessness in having new advantages and
enhancements in capacity and productivity

(−20%)

Port
environmental
improvement

and
development

High degree of development and
improvement, with much attention to any

management aspect (EXTENDED)

Medium degree of
development and

improvement, with a
good level of attention to
any management aspect

(MEDIUM)

Low degree of development and improvement,
with no attention to all management aspects

(LIMITED)

Source: own composition.

4.2. Choice Experiment Design

Software produced by SAS Institute24, the JMP Pro 14 [24], was used for the design
generation. Once the attributes were selected, the first step was to proceed by inserting
them into the software, generating the first part of the chosen design as shown in Figure 2.
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Figure 2. JMP attributes and levels definition in choice design—source: JMP.

Once it completed, there is the actual generation of the design by specifying the
following features, as summarized in Figure 3:

• Number of attributes;
• Number of profiles for each choice or even number of alternatives for each choice;
• Number of choice sets or more improperly questions to be administered;
• Number of questionnaires or surveys to be generated;
• Expected number of respondents for each questionnaire or survey.

Thanks to this operation, all combinations of choice sets defined by attributes and
their assigned levels were achieved. The combinations generated by the software were
random combinations. This means that if one wanted to set the design more than once, the
same combinations might not always be generated, rather they would always be different.

Figure 3. JMP design generation final phase–Source: JMP.

It can be seen how the number of questions or the set of choice within the questionnaire
and the number of expected respondents is highlighted. It was decided, as a matter of
adaptation to the structure of the questionnaire and since the number of attributes is still
high, at 7, to establish 20 questions to be introduced in the questionnaire. At the same
time, 20 possible questionnaire respondents were established (it is not assumed that all 20
then are willing to answer). This number is the number of companies that will actually be
contacted. As shown, for the rest of the sections, two alternatives of choice were established
(Port A and Port B), only one questionnaire, and confirmation of seven attributes.

4.3. Questionnaire Design

After obtaining the random combinations of the available attribute levels, the next step
is to build the questionnaire. In order to receive good consideration from the companies
interviewed, much attention was paid to the formulation of the questionnaire structure. The
questionnaire, like any discrete analysis experiment, is based on a very specific question.

The question of focus in this research, the cornerstone of the questionnaire, is “how do
container shipping companies choose their ports for cargo operations, taking into account
port greening concept as much as possible?” The goal of the whole analysis, as already



Sustainability 2021, 13, 7010 11 of 19

known, is to show the implications of factors used in creating a good and functional concept
of ‘port greening’, which has a lot of influence and massive control on the willingness and
decision to choose which port to dock or not by a shipping company. The questionnaire
is composed of 21 questions. Twenty are already known as “choice set”, and the last one,
the twenty-first, is an open question. The first twenty-choice set had the same request at
its basis, directed to the interviewees. It is explicated as follows: “If you had to choose
between the following two worldwide generic ports (A or B), which one would you choose
in order to pursue a port greening concept as wide as possible?”.

Thanks to the alternation of random combinations of attributes (with variation of
their levels), every alternative (Port A or Port B) proposed a different “choice ID”. Every
interviewee had to read the questionnaire and upon their opinion, had to answer or
choose the most suitable alternative between Port A and Port B. It has been specified in
the description of the questionnaire presented to the interviewees that this twenty-first
question, being an open question, was optional. Unfortunately, as is possible to see later, in
this case, not everyone answered that question. As an example, in the Figure 4, the first
choice set of the questionnaire is shown. One can see that there is a choice set (set 1), with
two different choice IDs (1 and 2) and for each of them, there is a different combination of
the attribute levels that make up the whole choice set.

Figure 4. First choice set—source: JMP.

5. Data Collection and Results Analysis

This section discusses data collection and executes the discrete choice analyses, the
results of which are also presented subsequently.

5.1. Data Collection

The experiment of discrete analysis continued with a fundamental phase, which
is that of data collection. The questionnaire was administered to the selected shipping
companies in the period that went from 29 March to 24 May 2019, where the selected
shipping companies are among the most important maritime companies in the world. The
procedure with which these investigations were carried out was guided through some
steps. The first step was to contact the companies via email and to illustrate the project
situation in progress, with the request for their collaboration for the collection of data. The
second step was, of course, the expectation of their response to the request done. The
third step was the questionnaire administration to the partners who agreed to collaborate
with us. A total of 14 companies collaborated on this research project. We have spoken
to the higher-level managers of the different companies involved. The people we spoke
to, reported the company’s position on what we were asking, so confidence in the given
answers is very high. The interviews were conducted in three different ways, namely:

• The direct mode in person (going to the company offices);
• Semi-direct mode via phone or video call;
• Indirect mode via email.

Of the 14 shipping companies interviewed (shown below in the Table 3), 13 companies
explicitly requested that their response profiles were not to be made public, for privacy
reasons.
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Table 3. Container shipping companies interviewed.

Company Nationality of the Company

APM Maersk Denmark

MSC (Mediterranean Shipping Company) Switzerland

COSCO Group (China Ocean Shipping Company) China

CMA-CGM Group France

Hapag-Lloyd AG Germany

Ming Marine Transport Corporation China/Taiwan

HMM (Hyundai Merchant Marine) South Korea

OOCL Orient Overseas Container Lines Hong Kong

Arkas Container Transport Line Turkey

X-Press Feeders Group Singapore

Grimaldi Group Italy

StreamLines (Sea-trade BV) Scotland

ZIM (Integrated Shipping Services Ltd.) Israel

ONE (Ocean Network Express) Singapore/Japan
Source: own composition.

5.2. Results Analysis

The next phase after collecting the data obtained from the questionnaires submitted
to the various companies was to process all the data using JMP. Thanks to a Multinomial
Logit Model, that this software uses, a statistical analysis model of the collected data was
developed and generated. They were all conducted within a worktable called ‘Selection
Attempts’, and from that worktable, the next step of elaboration of the model was developed.
The procedure for the analysis of data in JMP is illustrated below step by step, in order to
show how the final formulation of the model has been obtained. In Figure 5, it is possible
to see how the analysis of the data starts.

Figure 5. “Choice Model” window: Pick Role Variables chosen to run the model and attributes
selection—source: JMP.

By clicking on the ‘Run Model’ box, the first interpretation of the data was finally
obtained. A first overview of the effects of the results are summarily shown in Figure 6. It
is called the ‘Effect Summary’. The Effect Summary report appears if the model contains
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more than one effect and if it can be calculated quickly. It lists the effects estimated by
the model and gives a plot of the Log-Worth (or FDR25 (False Discovery Rate) Log-Worth)
values for these effects. The ‘Effect Summary’ window contains the following columns, as
shown in Figure 6.

• Source—lists the model effects, sorted by ascending p-values;
• Log-Worth—shows the Log-Worth for each model effect, defined as −log10 (p-νalue).

This transformation adjusts p-values to provide an appropriate scale for graphing. A
value that exceeds 2 is significant at the 0.01 level (because, −log10 (0.01) = 2);

• FDR Log-Worth—shows the False Discovery Rate Log-Worth for each model effect,
defined as −log10 FDR p—νalue. This is the best statistic for plotting and assessing
significance. This is not fundamental in this analysis;

• Bar Chart—shows a bar chart of the Log-Worth (or FDR Log-Worth) values. The graph
has dashed vertical lines at integer values and a blue reference line at 2;

• p-Value—shows the p-value for each model effect. This is the p-value corresponding
to the significance test displayed in the Likelihood Ratio Tests report.

Figure 6. “Effect Summary” window—Source: JMP.

A second element found in the computed results is the ‘Parameter Estimates’ window
(Figure 7). The ‘Parameter Estimates’ report gives estimates and standard errors of the
coefficients of utility associated with the effects listed in the term column. The coefficients
associated with attributes are sometimes referred to as part-worths.

It is possible to note (by setting aside the value of the standard error as said) that
values appear with the positive sign and others with the negative sign. These are the β
parameters found in the utility formula:

Ujsn = x′jsnβ + ε jsn (4)

The software has computed the overall significance and the relative importance of the
seven attributes by means of likelihood ratio tests and present the parameter estimates or
marginal utility values of the attribute levels.

The third element found in the computed results is the ‘Likelihood Ratio Tests’ window,
shown in Figure 8.

According to Figure 8, reported directly from JMP, it is possible to observe the follow-
ing components:

• L-R ChiSquare—the value of the likelihood ratio ChiSquare statistic for a test of the
corresponding effect;

• DF—the degrees of freedom for the ChiSquare test;
• Prob>ChiSquare—the p-value for the ChiSquare test;
• Bar Graph—shows a bar chart of the L-R ChiSquare values.
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Figure 7. “Parameter Estimates” window—source: JMP.

Figure 8. “Likelihood Ratio Tests” window–Source: JMP.

5.3. Results Interpretation

These first aspects of the results obtained are of fundamental importance and constitute
future interpretations. Firstly, it is necessary to mention some theoretical considerations
that will help to make the necessary observations for further analysis of the results.

5.3.1. p-Values as Significative Values

The p-value, or calculated probability, is the probability of finding the observed effect.
Conventionally the 5%, 1% and 0.1% (p < 0.05, p < 0.01, p < 0.001) levels have been used.
These numbers can give a false sense of security. However, it is possible to try to optimize
all stages of the research to minimize sources of uncertainty.

When presenting p-values, some groups find it helpful to use the asterisk rating system
as well as quoting the p-value:
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5.3.2. Results’ Meaning

Having made these theoretical considerations, it is necessary to give an interpretation
of the results obtained.

Looking at the ‘Effect Summary’ window, you can see that some of the attributes in play
are very significant, based on the considerations expressed regarding the p-values. In this
analysis, it was decided to take into consideration the fact that a probability value must be
highly significant and have less than a thousand possibilities of being wrong and therefore
(p < 0.001). Keeping this hypothesis under observation, we can see that the attributes
that respect an index of probability values of this type and therefore are statistically very
significant are:
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The task ahead is to find a method to elaborate on the meaning of these parameters
and also give them a probabilistic meaning in order to make them statistically significant.
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It can be observed that among these three parameters, there are water pollution and
noise pollution. These two environmental monitoring parameters, which normally (in the
common logic) are two fundamental elements for the concept of sustainability and ecology,
in this ranking, play a marginal role.

This means that shipping companies involved in the research have set aside these
two aspects, preferring aspects that are more important and decisive for them, such as the
first three attributes of the ranking (air pollution, cost and charges and port capacity and
productivity).

The work to do has been to implement a model in which only these three attributes
were involved, thus establishing a new profile of effects, this time playing only with three
attributes and not with all seven. Then again, by running the model, the following results
are obtained (as reported in Figure 10):

Figure 10. “Effect Summary” window for the three attributes—source: JMP.

As can be seen from these first results, the resource consumption attribute acquires
particular importance.

This attribute stands out from the other two and provides a statistically significant
probability value, in fact, 0.00055, which is <0.001. Although not statistically significant,
the other two parameters remain in their values and, above all, are effectively relegated to
the last two positions of the established ranking.

It sounds strange, but according to the analysis, the companies involved do not give
any weight or importance to these two attributes (noise and water pollution).

A further iteration was carried out, now only for water and noise pollution, but the
result that emerges is that they continue to be not statistically significant. As is possible to
see from Figure 11, the p-values associated are higher than 0.001.

Figure 11. “Effect Summary” for noise and water pollution—source: Own composition from JMP.

It is, therefore, unnecessary to go in depth and just to accept the condition presented,
in which these two attributes cover a marginal role in the ranking, which is now definitely
established:

1. Air pollution;
2. Port capacity and productivity;
3. Cost and charges;
4. Port environmental improvement and development;
5. Resource consumption;
6. Noise pollution;
7. Water pollution.
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5.4. Implication for the Container Shipping Companies

From the analysis of the results obtained previously, it is noted that the main ele-
ments of influence for the ecology of a port are the factors of air pollution, port capacity,
productivity and the costs, and then gradually all the others.

Based on this observation, some implications for the companies interviewed are
highlighted.

Shipping companies tend to give high importance mainly to one factor: Air pollution.
The decisions of maritime transport managers are heavily influenced by this type of pa-
rameter. This happens because, currently, there are regulations (issued by international
organizations, e.g., IMO—International Maritime Organization) that, through strict limi-
tations and guidance, aim to reduce harmful emissions into the air (not only by shipping
companies, but by any type of transport) [11]. Moreover, there is increasing pressure by
shipping companies’ customers, the shippers. They more frequently request green supply
chains, including maritime shipping. That happens in turn under pressure by their (final)
customers and/or by financiers who are less, or not at all, willing to lend money to projects
and investments that are insufficiently green.

If these guidelines and limits were not respected and therefore violated, specific
administrative, financial and legal penalties would be applied. Therefore, great importance
is attributed to the observance of these policies [25–28].

In addition, to help limit harmful emissions into the air, in recent years, many solutions
and mitigation measures have been developed in the maritime transport sector.

These are technological, regulatory and operational solutions that not only help reduce
air pollution, but also provide benefits and advantages from other points of view.

In fact, just for instance, the use of alternative fuels, in addition to mitigating and reduc-
ing air pollution, can improve the performance of ships, as it can reduce the consumption
of resources and energy as well as the production of waste and exhaust products.

With respect to port capacity and productivity, it is clear that the importance of this
factor is highlighted by the increasing control that shipping companies try to gain over
non-shipping parts of the chain: Port terminals in the first place, but increasingly also
hinterland connections and inland terminals. They do so by acquiring stakes in port
terminals, setting up their own terminal subsidiaries, or setting up alliances with terminal
operators. Greening supply chains will imply that an attempt is made to shift hinterland
operations away from road to barge and rail. This requires different types of capacity at
port terminals than what currently often applies.

Finally, with respect to costs and charges, it is clear that port dues, but especially
charges asked by port terminal operators, matter. Whereas environmental expenses are
‘hidden’ costs in the chain, port dues and terminal charges are out-of-pocket costs, and
therefore immediately visible and felt. It is important that sufficient competition between
ports and terminals is maintained, so as to avoid monopoly rents being charged. At the
same time, shipping companies exert substantial market power on most routes, also in
their negotiations with port terminals. The costs of green port investments may further be
charged to the shipping companies, so there is a direct link between greening ports and
port dues and/or terminal charges.

6. Conclusions

In this research, a very sensitive topic has been addressed, which is of great importance
nowadays in the transport sector. All the results obtained from this study have highlighted
some very significant aspects of the subject.

Maritime transport has various effects on the environment, and the mitigation mea-
sures for these effects acquire considerable importance. These mitigation measures can be
summarized, according to this research in five guidelines, which serve to give a solid basis
and concrete support to those who intend to address the topic in future studies. It is, in
fact, a matter of keeping in mind that these mitigation and prevention measures can be
included in:
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• Regulations and enforcement;
• Innovative technological solutions and adaptations;
• Regional and international initiatives aimed at paying greater attention to the concept

of sustainability;
• Incentives and progress (technological, environmental and social);
• Awareness of the subjects involved in the study of these topics (awareness on the

subject, of those directly involved and of those who would be interested in it transver-
sally).

The regulations and the application were considered to be an essential management
solution to prevent the effects of maritime transport on the environment and to direct
the maritime industry towards sustainability. Over the years, we tend to use more and
more strict and direct regulations, strictly targeted to the various issues to be managed.
Alongside the regulations, the technological and innovative solutions of the management
systems find their place.

Encouragingly, the shipping industry is considered a leader in clean technology. This
is also accompanied by the aspect of regional, national and international environmental
initiatives in order to facilitate the formation of a sustainable and green maritime industry
as much as possible.

An important aspect worth considering is that for which there is a close economic
dependence between the sustainable development of ports and the economic growth of
a region or an entire country in which the port operates. Without going in-depth with
economic reflections, it is enough to simply mention how port development has been one
of the critical elements of the economic growth of some world powers.

The greater the sustainability policies of a country (especially in the transport sector),
the greater the chances of a flourishing economic development of the country itself. This is
because, with sustainability practices (ports in this case, but in general in all other cases)
we tend above all to rationalize the use of environmental resources. Consequently, a lower
expenditure of economic resources will be obtained in the long term, with social and
political benefits [29,30].

These conclusions also lead to further questions for subsequent studies. The most
relevant question that has been repeatedly considered during this research is where can the
boundaries of sustainable port development be given? Further, are there any limitations
or is there no possibility of indicating a point of arrival that tells us when a port and the
operations carried out there are considered sustainable at the maximum level? Furthermore,
what could be future developments regarding the reduction of harmful emissions into the
air from maritime transport? Will technological solutions such as new fuels (LSF—Low
Sulphur Fuels, LNG–Liquefied Natural Gas, biofuels, hydrogen fuel cells, etc.) work for
a long time, or are they only temporary solutions? Is it appropriate to already talk now
about the concept of zero emission shipping/vessel (ZEV)? Could this concept also be
easily extended to container ships dedicated to commercial transport? These questions are
the basis of future studies and future research on this topic.
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