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Abstract: An extensive literary review is carried out to determine the strategic and business advan-
tages, and difficulties that non-smart ports must face to develop sustainability. Based on a two-port
case study, the strategic text of the corporate missions of port administrators and operators is an-
alyzed and classified in order to understand to what extend economic, social and environmental
aspects are fulfilled. A conceptual model is designed for an information system based on indicators
that can determine the state or degree of sustainability in the critical operational activities of the
ports studied. A system is proposed that is based on a data warehouse core and a multidimensional
database, which can be implemented in the Relational On-Line Analytical Processing (ROLAP)
mode, allowing taking advantage of the good characteristics of relational databases without losing
the On-Line Analytical Processing (OLAP) approach. A discussion of the strategic feasibility of
implementing this conceptual model of case study monitoring and its long-term benefits is delivered.
The conclusions state that the development of this green technology requires cultural changes, public
policy initiatives and the incorporation of new actors. In addition, more research is needed in this
area to identify other relevant sustainable variables.

Keywords: decision making; multidimensional databases; OLAP; port system; sustainability

1. Introduction

Sustainability is identified as a key factor that improves competitiveness and mini-
mizes risks, in which long-term investment results are obtained [1]. Port sustainability
is understood as the state reached by a company or a port community as a whole, in
which said industry meets a set of requirements, covering three important areas such as
economic, social and environmental aspects. It implies the incorporation of strategies,
business models and operational aspects related to: the profitability of export and import
logistics activities, governance, legitimacy in the eyes of the communities interacting with
the port, the creation of fair jobs and ethics, the development of knowledge and education,
customer loyalty, ecological and environmental pressure due to pollution, etc. [2–4].

The main sustainable certification initiative is EcoPorts of the European Union, with
the objective of improving environmental management through collaboration and exchange
of knowledge between ports that are already certified, and the continuous improvement of
logistics processes [5].

1.1. Sustainability in Maritime Ports

For the port industry to incorporate sustainability as part of its objectives and strategic
actions in social, environmental and economic aspects, first it must facilitate collaboration
and possible alliances between the actors that build the port network. This network is
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composed by the companies that provide logistics services, workers’ unions, the inhabitants
and authorities of the city occupied by the port and the government [6,7]. It is important
for ports to effectively integrate sustainability in order to have less complex and stressful
links between the managing company with its terminals and the city, to build trust between
them and to integrate them as part of the urban system [8]. On the other hand, there are
cases in developed countries in which green or ecological environmental policies have been
proposed which complement port strategies, such as the cases of the ports of Vancouver,
Los Angeles and Rotterdam [9].

Incorporating sustainable policies as part of the port business is important, since with
them it is possible to optimally comply with strategic planning and improve important
aspects of the port industry such as those related to: stakeholder management, risk manage-
ment, profitability in investment projects, efficiency in the use of the facilities, management
of traffic congestion in the land transport network, greenhouse gas emissions from mar-
itime transport, climate changes, oil spills, deterioration of air, water and soil quality, noise
pollution, use of clean energy, social protests, logistical problems of supplying markets,
union strikes, job creation, habitability of areas near the port, the relations between the port
and the city it occupies, among others [9–13].

The implementation of sustainable actions generates competitive advantages for a
maritime port, since they improve the quality of the provision of services and differentiates
the port from the competition due to the provision of more efficient and effective support
to its internal and external clients[14]. Another important benefit to mention for a publicly
owned port is that the interventions made by the State, such as audits for environmental
problems, are reduced [15]. It must be considered that it is difficult to balance the three
aspects of sustainability, since having an ecological port requires a cultural change in all
the actors that build the port network and provide large investments, which may not be
reflected in short-term profitability [16].

Finally, there is evidence [17] that affirms that sustainability is a good practice for
both management and evaluation and that it contributes to efficient and effective decision-
making, which is being increasingly required by port authorities. To implement sustain-
ability it is necessary to comply with environmental regulations and use indicators that
measure energy and water consumption, air and water quality, environmental fines, invest-
ments and costs involved in the environmental area, CO2 emissions, quality of life of the
inhabitants, among other factors [18,19]. For effective management control, it is convenient
to implement an environmental monitoring system that contains a set of indicators able
to represent the situation of the port, and that objectively measure the performance of the
activities considered relevant for the execution of the logistics processes [20].

1.2. Monitoring Technologies

It is difficult to establish sustainability evaluation criteria since there are multiple
macro and microenvironment factors that affect it; despite this complexity, quantitative
indicators have been developed to evaluate their performance [21]. It should be noted
that there are few research cases that analyze new dimensions of sustainability or that
study quantitative systems. This lack of variables affects the quality of the information that
decision makers receive [22].

On the other hand, the adoption of technologies is an important tool to extract informa-
tion and knowledge through the monitoring of port logistics processes [23]. The constant
follow-up and monitoring of the indicators that reflect the “health status” of the sus-
tainability of a company or production system, requires not only the implementation of
operating procedures or protocols, but also the collection of timely, coherent and reliable
information on the state and evolution of the production processes [24,25]. For several
decades, computing has provided the tools and support necessary to store and manage
data to such an extent that the amount of information available has itself become another
problem [26]. Given that sustainability assessment represents a multidimensional problem,
it is necessary to provide tools that allow exploring this multidimensionality, for which
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analytical approaches such as On-Line Analytical Processing (OLAP) are very useful in
circumstances such as those described in this paragraph [27].

More and more automation and integration of data sources are required, which
support decision-making in green or smart ports [28]. The intelligent use of data can
generate a different business logic with novel economic models to improve planning and
control of productivity management [29].

1.3. OLAP and the Multidimensional Database

OLAP is an information modeling and organizational approach that emphasizes the
accessibility and ease of data processing, optimizes storage efficiency, the level of details
of transactions and the degree of standardization of stored data [30]. The central idea
comes from the 1960s, as a response to the need to perform analytical operations on the
information stored in the operational information systems, which were limited due to mul-
tiple conditions that did not allow the managers of the organizations to access information
when making decisions, in a timely and reliable manner [31]. OLAP provided the ability
to dynamically perform multidimensional analyses, freeing end users from a relevant
part of the complexity of making inquiries about computer systems, allowing them to
perform analytical and navigational activities, such as manipulation and transformation of
dimensions, analysis by periods of time; and providing them the ability to visualize subsets
of data, move between different levels of aggregation, as well as comparing dimensions in
a specific visualization area [32].

In OLAP, dimensions can be interpreted as points of view on problems or situations
where manipulation and analysis of sets of indicators is required. Each dimension also
provides a set of characteristics that allow the data to be classified, which added to the
rest of the dimensions constitute a coordinate system where the values of the indicators
(measurements) are functionally dependent on the values of the characteristics of such
dimensions. Thus, a system based on an Online Analytical Processing approach will contain
historical, summarized, and consolidated data obtained from the company’s operational
systems or from external sources. It will then be necessary to load and transfer data
from administrative information systems or external data sources to a special database
(multidimensional database) with added and refined information, which will facilitate
the analysis of the changing values that the indicators may present at that time or at
specific moments [33].

OLAP complements its semantic, organizational and structural approach with a basic
set of functionalities materialized in a set of fundamental operators called: Pivot, Roll-up,
Drill-down and Slice-Dicing, which are in practice the operational tools to perform not only
the calculation and dimensions but also the analytical and navigational activities [32,34].

In relation to multidimensional databases, these were born as a technological response
to implementing the OLAP approach [35]. Therefore, a Multidimensional Database (MDB)
is a set of data whose organization and storage method responds to or are inspired by
the OLAP approach. Since it is somewhat a technological approach more recent than
that of other consolidated database models, the idea of how a multidimensional database
is conceived has evolved over time. Basically, it can be said that an MDB is a set of
multidimensional variables that, although they may refer to different sets of indicators, are
related to each other because they share common points of view (dimensions).

As each multidimensional variable is structured in dimensions, each dimension in par-
ticular is characterized by a set of attributes that are in turn ordered according to a specific
order relationship. The structure formed by this set of attributes and the corresponding
order relationship is known as a hierarchy. The measures or indicators will be associated
with the structure through a function: h : DS ∼ SS where DS (Dimensional Space) is the
set of all possible coordinates that can be formed by crossing the dimensions, and SS (Scalar
Space) is the set of all possible values that the indicators or measures can take. In this
way, a multidimensional variable H corresponds to the set {x/x = (d, e), d ∈ DS, e ∈ SS,
and e = h(d)} [34].
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OLAP operators can be formally represented in multiple ways, some of them very
sophisticated and difficult for most people to interpret and use. A [36] different way of
defining the multidimensional data model and its operators is presented which, among
its different characteristics, greatly simplifies the representation, syntax and functionality
of OLAP operators, making the model much easier to understand and apply for different
types of users.

Another relevant aspect is that the model proposed in [37] also contemplates the
formal definition of the data classification mechanisms that are not entirely resolved by
the simple definition of dimensions, hierarchies and measures. Although these structures
constitute a formal basis to address the problem of data classification, it can be said that this
need is an undeclared operator that underlies all multidimensional operators, even more
so when many of the analytical activities require the transformation of domains, which
implies not only selecting attributes of the dimensions, but also transforming them into
new attributes, and such transformation requires an adequate conceptualization.

On the other hand, the Data Warehouse (DW), introduced in 1992, is the best-known
way of implementing multidimensional databases in the production field [38]. It is a work
environment supported by computer technology that, based on a combination of software
and direct access storage technology, allows the implementation of an integrated, time-
varying, non-volatile data collection, oriented to relevant topics for the management of an
organization or company, which helps in their decision-making processes [39]. The purpose
of the DW is the storage of homogeneous and reliable information. Its structure is ori-
ented to queries, where the information receives hierarchical treatment in an environment
differentiated from the operational systems [40].

For the implementation of a DW there are different alternatives where Multidimen-
sional OLAP, Hybrid OLAP, Desktop OLAP, and Relational On-Line Analytical Processing
(ROLAP) classically predominate, the latter being one of the most used because they take
advantage of the good features of relational systems in their ability to retrieve and process
data [41,42].

The ROLAP approach has been extensively studied and developed, and there are
widely spread methodologies that combine the multidimensional approach with the OLAP
approach [43]. The same has not happened with the tools oriented to the conceptual
modeling stage, which is characterized by not being conditioned to the characteristics of
the model underlying the implementation tool. In this area, the product of the logical
design process is commonly known as the star, snowflake, or constellation model.

OLAP and multidimensional databases are relevant for this work because they are
part of the most suitable means to implement the computer component of the support
system for monitoring the sustainability of Chilean ports.

1.4. Motivation

The motivation of this study is to know the main aspects that have been investigated
in seaports related to strategies, businesses and sustainability indicators. At the same time,
to determine the set of indicators and attributes that are decisive and useful to generate a
proposal for a conceptual model of data and information flow to be shared among the actors
that build the port system. The determination of said indicators will allow monitoring the
degree of sustainability of the ports of Valparaíso and San Antonio. The model will be
based on an information system supported by a multidimensional OLAP database that
will handle indicators of economic, social and environmental aspects.

It should be highlighted that the ports studied currently do not have a monitoring
system such as the one which is being proposed, so this research has the purpose of
identifying the current situation and showing the need for more research in this area, in
order to identify new sustainable variables and indicators that can transform the port into
a more competitive one.
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2. Sustainability in Chilean Ports
Sustainable Strategies

The European EcoPorts certification has begun to be implemented in Chilean public
ports. Currently, only the port of Antofagasta complies with this international standard [44].
EcoPorts requires transparency in information and control regarding environmental man-
agement, reduction of fuel consumption, ship emissions, etc. [45].

As for the other ports to be under the certification process, they have not yet reached
the so-called green stamps. The port of Valparaíso has implemented the the ISO 14,000 qual-
ity standard that evaluates environmental impacts; while the port of San Antonio signed
the Agreement for Clean Production in Waste Management in 2020 to measure the carbon
footprint specified on its indicators [46].

To identify what aspects of sustainability the ports of San Antonio and Valparaíso are
concerned with, Table 1 displays the strategic phrases extracted from their web pages or
memory documents. The strategic phrases classification is based on the dictionary created
for this study [7], which includes the economic, social and environmental aspects of the
macroenvironment of ports:

• Economic aspect (E): competitiveness, investment, infrastructure development, Gov-
ernance decisions, productivity, technical entry barriers due to free competition and
quality standards.

• Social aspect (S): social conflicts due to occupation of the city regulated by public
organizations, port/city integration, delivery of added value to the city.

• Environmental aspect (A): environmental norms and standards, social responsibility.

Table 1. Strategic phrases and macro-environment aspects of the ports.

Companies Strategic Phrases Memory
Document

Macro Environ-
ment Aspect

Port Administrator of
San Antonio

“To efficiently and sustainably manage infrastructure, creating
value for foreign trade, taking care of the urban environment and
the environment . . . to have active leadership in coordinating the
logistics chain and in the timely development of access roads”

[46] E, S, A

Port Administrator of
Valparaíso

“To guarantee sustainable development, . . . , coordinate maritime
and land operations, manage improvements . . . of infrastructure
. . . improve the competitive position of the port and generate
shared value for the territory”

[44] E, S, A

Central Port Terminal
“Port and logistics services of excellence, with a competent and
motivated team, adding value to our clients, taking care of people
and the environment”

[47] E, S, A

San Antonio Interna-
tional Terminal

“. . . Quality service, security, productivity and innovation
. . . improve the efficiency of the logistics chain and add value
to our clients, shareholders, collaborators and their families, pro-
moting community development and caring for the environment”

[48] E, S, A

Panul Port Terminal “To be the fundamental resource in the logistics chain of our
clients, providing an excellent and sustainable service” [49] E, S, A

South Pacific Terminal

“To be the best container port terminal in Latin America for the
development of our clients, collaborators and community. The
achievement of our objectives is based on a daily work for the
fulfillment of our values: Integrity, Excellence, Safety and Passion”

[50] E, S

Table 1 shows that despite the fact that almost all the administering companies that
operate the terminals of the Port Communities of Valparaíso and San Antonio include
the word “sustainability” in their strategies, they have not incorporated green seals. On
the other hand, it is noted that the greatest strategic concern of companies in the short
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and medium term is about the economic aspect since they state as their main objectives to
increase profitability and reduce the inefficiency in their logistics operations.

The critical factors to increase port competitiveness are identified in [6] and below:
improving waiting times for land and maritime transport, reducing inventory costs, reduc-
ing operating costs, loading/unloading costs, and making information, data processes and
communication more efficient.

When comparing the information in Table 1 with that of [7], it should be noted that
the missions of the Port Community have been modified in the last five years and that the
three aspects of the macroenvironment have been incorporated into the strategic phrases
(economic, social and environmental).

The problems and challenges are diverse, standing out the following:

1. The different existing information platforms lack any integration, preventing the
management, analysis and comparison of indicators at the level of each port and at
global level as a single system.

2. Lack of procedures and protocols for the information flow among the different com-
ponents of the port system, as well as with the State.

3. Greater lack of trust among the actors due to the absence of regulations that establish
duties and rights for companies, workers and the State.

4. Non-existence of a body or institution that supports, promotes and is concerned
with monitoring the degree of sustainability of the whole system, including ports
and companies.

5. Lack of an information system that allows managing and exchanging information
between the different port actors, as well as with the state.

6. Lack of an information system that allows each actor in the port system to manage
its information, share it, know its degree of sustainability, and compare it to that in
possession of other actors in the system.

This work constitutes a first step in the installation of a system that is capable of moni-
toring sustainable activities with interactive management, that increases the effectiveness
of the production processes involved, improves the performance of resources, process big
data, generates statistics and indicators that allow a clear visualization of the results and
an efficient and effective evaluation of the business [51]. Its final implementation requires
political/administrative agreements, economic resources, relatively long deadlines, an
interdisciplinary work team, and a work plan that involves different actors.

3. Hypothesis, Materials and Methods

The hypothesis supporting this work is based on the fact that all the necessary condi-
tions, for both the State and the Chilean port system, are currently available to establish the
foundations, requirements and regulatory framework for a National Port Sustainability
Monitoring System; including regulations and public policies that allow the management
of a fundamental core of indicators, aimed at measuring the degree of sustainability of
ports in particular and of the system in general. By integrating the information that is
currently dispersed on different systems and independent platforms, it can be managed by
an entity with a shared institutional framework between the State and private companies.
This system would favor knowledge regarding the level of sustainability of companies
to facilitate their self-assessment and identify their challenges, allowing them to compare
themselves with similar companies and enabling integration and collaboration among all
the actors in the system.

With the establishment of a National Port Sustainability Monitoring System, trans-
parency can be provided to the management of the port business, it can help to achieve the
levels of trust necessary to guarantee the continuity of the production processes, generate
a healthy relationship between the company and the workers, and it can be replicated in
similar port communities worldwide.

Consistent with this hypothesis, the following research objectives are raised:
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1. To carry out a study to identify strengths, weaknesses and risks related to the installa-
tion of port sustainability in the Chilean system.

2. To define the interaction mechanisms and the core of functionalities (at a macro level)
related to the administrative information systems and technological tools necessary
for the monitoring of port sustainability.

3. To design the conceptual and logic models of the multidimensional databases that
will allow the subsequent implementation of the required computer systems.

The methodology begins with an analysis of the context of the Chilean port system
and a study of other similar realities, documented in the technical and scientific literature.
In this analysis, the needs that must be satisfied to generate the mechanisms for control,
monitoring, comparison and exchange of information between the State and other actors
of the port system were identified. As a result, a fundamental set of indicators related
to the productive, environmental and labor spheres emerged, which reflect the degree of
sustainability of a company, a port and the system in general. Special care has been taken
to endow the system with a collaborative spirit between the State, the port system and,
in particular, each private company that intervenes in the process; as well as determining
specific aspects of the port system in order to establish the concept of port sustainability.

Based on the information gathered in the previous stages, the system was designed by
identifying its components, characteristics, and the interactions between its components.
State agencies, legal frameworks and regulatory mechanisms were incorporated. As a
result of the institutional responsibilities and operational activities that are developed and
established among the different components, a mixed, public/private body, called the
National Council of Port Sustainability, was introduced in the design. In a more specific
scope of the port system, public and private companies were introduced; the instances of in-
teraction among them were defined, as well as other organisms not necessarily productive,
but determining in the context, such as the Chilean Security Association (ACHS).

Having clarified the components of the system, the interactions between the actors,
and the flow of information, we proceeded to define the multidimensional database that
will be the foundation on which the computer tools destined to provide administrative
technological support to the National Sustainability Council will be built. The design of
the required multidimensional variables is presented in this document at a logical level, so
its implementation can be carried out in multiple environments, either using free software
tools or proprietary software.

The data sources shown in Table 2 are studied to design a set of indicators that are
applicable to the reality of the ports of Valparaíso and San Antonio, and that are feasible to
implement in an OLAP model.

Table 2. Digital repositories.

Repositories Characteristics of the Databases Website

National Information System for
Environmental Enforcement Environmental complaints https://portal.sma.gob.cl (accessed on

15 January 2021)

Centralized Government Data Portal Unique entry documents.
Single exit documents

https://datos.gob.cl (accessed on
15 January 2021)

Logistics observatory Marine transport https://www.observatoriologistico.cl
(accessed on 15 January 2021)

General Directorate of the Maritime
Territory and Merchant Marine

Work accidents.
Ship and cargo movement.

https://www.directemar.cl (accessed
on 15 January 2021)

Ministry of Health Work accidents https://deis.minsal.cl (accessed on
15 January 2021)

4. System for Monitoring the Sustainability of Chilean Ports

This document presents a conceptual proposal for a monitoring system with indica-
tors that measure the critical aspects of sustainability of the ports of Valparaíso and San

https://portal.sma.gob.cl
https://datos.gob.cl
https://www.observatoriologistico.cl
https://www.directemar.cl
https://deis.minsal.cl
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Antonio. Based on the collection of relevant information, the system comprises: (1) the
port community, made up of private companies that manage, operate and provide logistics
services to the port, (2) the ACHS that manages insurance for accidents at work and (3)
the Public Ministries that regulate and oversee the port business, in accordance with the
current legal framework.

4.1. Conceptual Modelling Proposal

The system consists of a set of standards, interaction procedures and computer tools
that can be installed in the work environment or ecosystem of any port system, designed
to implement the port sustainability approach and its maintenance over time. The various
components of the system can be classified into three areas: those related to the State, to
the port communities, and the National Commission for Port Sustainability.

The responsibility of the State is to provide the necessary institutional framework to
give legal support to the System; particularly, the generation of laws and regulations, the
coordination of public agencies related to the port community and the creation of the legal
framework for the Creation of the National Commission for Port Sustainability.

In the area of port communities, monitoring protocols to help decision-making are
established for the private companies system. The framework of regulations and public
policies will favor integration, coordination, and trust between workers, unions, and ports;
as well as the adequate coordination with the ACHS. The different actors that intervene in
this area assume the commitment to provide the information the system needs to measure
sustainable management with the use of indicators. This process is carried out through
the computer tools related to Business Intelligence that Extract, Transform and Load (ETL)
the data to transform it into information and knowledge [52]. The computer tools will be
available to public organizations linked to ports and private companies that are authorized
by law.

The third area, the National Port Sustainability Commission, is a mixed composition
entity (public and private), where representatives of the State, the port community and
the ACHS participate. This is the logistics forum where different problems arising from
the processes and how they affect sustainability goals are discussed, to generate solutions
that the State must legislate. The Commission is also in charge of ensuring the correct
functioning of the computer tools that allow the management of the indicators. These tools
will provide management reports that contribute to decision making.

The degree of compliance with sustainability is determined by the value achieved of a
basic set of measures, which reflect sensitive information for the decision-making of the
port business in the social, economic and environmental aspects. The indicators considered
in this proposal are:

• Average daily hours performed by activity type and load type.
• Average daily clients served by activity type and load type.
• Average profit by activity type and load type.
• Average expenses by activity type and load type.
• % of average profit by activity type and load type.
• % of average expenses by activity type and load type.
• Average of a certain accident type.
• Average number of workers involved in a certain accident type.
• Number of companies involved in a certain accident type.
• Number of ships (boats) involved in a certain accident type.
• Number of vehicles involved in a certain accident type.
• Average of fines issued for a certain accident type.
• Average amount paid in fines for a certain accident type.
• Average of inputs of a certain type used in the development of port operations.
• % of inputs used with respect to the total activities in the development of port operations.
• Number of clients benefited from the use of a certain type of resource.
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• Total emissions derived from combustion (for example, PTS, NOX , CO, SOX , NMVOC,
CH4, N2O, CO2).

• Noise generation Level.
• Total other greenhouse gas emissions (GHG).
• % Hazardous and non-hazardous spills.

Communication between the different actors will require the establishment of a pro-
tocol that regulates the time, magnitude and quality of the information that must be sent
to the system or from other systems (Figure 1). The system must be framed in the current
legislation, monitoring and reflecting the changes that may occur over time in this matter,
so that public policies can be updated.

The information is stored and managed in a multidimensional database, which will
allow analytical facilities to monitor the system.

State of ChileState of ChileState of Chile

Public organismsPublic organismsPublic organisms

Laws & 

regulations

Laws & 

regulations

Laws & 

regulations

Chilean Security 

Associations 

(ACHS)

Chilean Security 

Associations 

(ACHS)

Chilean Security 

Associations 

(ACHS)

Logistic 

companies

Logistic 

companies

Logistic 

companies

Port 

administration & 

terminals

Port 

administration & 

terminals

Port 

administration & 

terminals

National 

Commission for 

Port Sustainability

National 

Commission for 

Port Sustainability

National 

Commission for 

Port Sustainability

Port community

Sustainability 

indicator system

Sustainability 

indicator system

Sustainability 

indicator system

OLAPOLAPOLAP

Sustainability 

indicator system

OLAP
WorkersWorkersWorkers

Figure 1. Port system context.

4.2. System Operation

As shown in Figure 2, the installation of this system generates a new flow of infor-
mation for port actors. The architecture begins with the State and the ACHS, the former
approves the legal and regulatory structure and the latter, according to Law N◦ 16,744,
covers medical and economic benefits in the event of occupational accidents or occupa-
tional disease. Through the regulatory framework of the State, procedures are established
for the National Port Sustainability Commission, which interacts with the Port Community,
making decisions based on the sustainability indicators provided by the system.

In this new scenario, companies and the various components of the system begin to
adapt their protocols and procedures. It begins with the registration of activities necessary
for monitoring sustainability actions, through interfaces that feed a properly structured
ETL process, that will allow the multidimensional database of the information system
to be populated with all the required information. The system will offer the different
actors personalized reports online; so, they will be able to make preventive decisions in
an effective way, reducing the response times related to transportation, inventory, storage,
supply and administration that are so critical and expensive in the ports of Valparaíso and
San Antonio. Based on the strengths, weaknesses, opportunities or threats detected in
the environment, the National Port Sustainability Commission will generate proposals for
regulatory, procedural and protocol modifications, thus transforming itself into a system of
continuous improvement.
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Figure 2. Sustainable port architecture (abbreviations in the Figure: Extract, Transform and Load (ETL), Data Warehouse
(DW), On-Line Analytical Processing (OLAP)).

4.3. OLAP Subsystem and Multidimensional Database

An essential component of the proposed solution consists of the implementation
of one or more information systems destined to carry out multidimensional analysis
on the indicators selected in the Port Sustainability Monitoring System. Said systems
should be implemented in a web environment and be provided by the National Port
Sustainability Council. If necessary, depending on the nature of the activities carried out,
mobile applications for smartphones and tablets could also be implemented.

The main function of the multidimensional subsystem is to allow the analytical
process of the indicators considered in the system, since they will be contained in a single
multidimensional database. Not only analytical facilities will be guaranteed, but also the
coherence of the data, and that all users will have the same online updated information.

After the indicators have been analyzed and transformed into additive indicators,
considering the different perspectives or analysis of needs as required by the system, the
indicators are implemented in three different multidimensional variables, as shown in
Figure 3. The accident rate variable focuses on measuring indicators related to the accident
rate that is recorded in the operations of each port during the performance of different
types of activities. The consumption variable is focused on measuring indicators related
to the consumption of inputs or other types of resources during the daily activities of the
ports. The efficiency variable focuses on measuring indicators related to the efficiency of
each port in carrying out the different types of activities, considering a daily load type.
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Figure 3. Logic model for the multidimensional database.

4.4. Decomposition of Indicators into Additive Expressions

OLAP systems usually work by performing direct operations on multidimensional
variables, which are designed with maximum granularity in each of the attributes of the
hierarchies that make up each of the dimensions of the variables. However, many queries
require different levels of aggregation with higher summarizations; which implies that
many queries require significant processing efforts, obtaining temporary results that will
be discarded later. Since this practice can be very harmful to a system, where the queries
are frequently repeated and, in turn, involve considerable amounts of data; a new multidi-
mensional structure, called the Aggregate Fact Family (AFF) was introduced, consisting of
a pair made up of a certain multidimensional variable and a certain multiple aggregation
function. Its purpose is to avoid unnecessary computations by storing certain intermediate
results that are usually required in different queries. This is achieved by decomposing the
indicators, where possible, into additive functions that fulfill the additive property. For this
reason, the design of the database proposed in this work, in order to prepare the system for
a future implementation of AFF on the variables of the database, contemplates indicators
that are obtained directly from additive functions [36,37].

Section 4.1 shows the indicators to be used, where each and every one of them complies
with the additive property as defined in [37], which establishes that a function is additive if
“given two compatible sets ξ1 and ξ2, such that ξ1 ∩ ξ2 = φ, then f is additive if and only
if: f (ξ1 ∪ ξ2) = f (ξ1) + f (ξ2).

For the calculation of the indicators, a large amount of transactional data is required
which can be summarized and grouped into a multidimensional structure, allowing an
easy access from OLAP databases [53–55].
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In the case of this proposal, the database requires a total of four fact tables and seven
dimensions, which are sufficient to store all the necessary indicators. A great part of the
summarizations will be carried out in the ETL process since the database constitutes a
robust aggregate information source.

Table 3 corresponds to the so-called Kimball bus matrix [56], necessary for the be-
ginning of the implementation of the DW, which is useful as a guide, to prioritize the
development of thematic areas and identify the potential scope of its dimensions. This al-
lows displaying how the selected dimensions are related to sustainability processes.

Table 3. Matrix bus for the DW of port sustainability.

Processes
Dimension

Time Accident Activity Port Cargo Resource Product

Efficiency X X X X
Accident rate X X X X X
Consumption and emissions X X X X
Spills X X X X X

5. Discussion
5.1. Port Strategies

When studying the strategic phrases of the two public Chilean ports that have the
highest cargo movement [44,46–50,57] and comparing them with [6], it is observed that the
strategic port concern for sustainability has increased in the last 5 years, and that the ports
operate with some sustainable aspects. Currently, the Port Communities of Valparaíso and
San Antonio propose the following words in their missions:

• Economic (E): sustainability, industry, country development, trade, security.
• Social (S): collaborate, client, family.
• Environment (A): sustainability.

It should be noted that the strategic words have changed and that it is necessary to
incorporate more attributes related to the definition of sustainability that was raised in
Section 1. This is because it is required a long-term public policy that encourages a cultural
change; not only of the companies that operate and administer the ports, but rather the
actors that build the network.

On the other hand, as they are publicly owned ports concessioned to private compa-
nies, it is difficult to make high investments in infrastructure and technology that facilitate
the implementation of a green port. This is due to the fact that the companies are not au-
tonomous, since they depend on the approval of the annual budget of the Public Company
Systems Commission, after the resources are approved and a decree law is created [6].

Another important factor to consider is the technological development of the medium-
sized ports studied, which is at the initial stage. They are classified as Industry 3.0 with
some attributes of Industry 4.0, and some of their characteristics can be mentioned such
as: they are automated, they operate with technological systems and communications,
with the Internet of Things, clouds, social networks and large databases [58]. There
are important gaps when compared to green ports or industries 4.0, since they have an
advanced technological development and operate with artificial intelligence, blockchain,
big data and other disruptive technologies [27].

Due to all the mentioned reasons, this paper provides a conceptual proposal aimed
at generating the necessary conditions for efficient and transparent management and
monitoring, generating the necessary climate to promote trust among the actors of the
port system. It is noted that before selecting the sustainability indicators that are shown in
Section 4.1 and that are the basis of the proposed conceptual model, the data repositories
in Table 2 were reviewed to assess whether with the available data and variables it was
feasible to perform the modeling.
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Finally, installation requires adequate physical and technological port infrastructure
accompanied with effective public policies that follow the international standards.

5.2. Conceptual Validation of the System

Table 4 was created based on the information collected in documents [7,59–62] and a
bibliographic review. The relevant characteristics of the main actors that build the proposed
conceptual model are selected. The table presents a comparison between the current state
and a five-year scenario, with and without a National Port Sustainability Monitoring
System. The relevance of the projection lies in making a comparison between the second
and third column where the impact on the port system is predicted, if the OLAP model is
implemented and the State incorporates it into public policies.

Table 4. Comparison of two possible implementation scenarios of the OLAP model.

Current Situation
In Five or More Years

No System With System

State:

• There is a general regula-
tory framework that es-
tablishes environmental
protocols, labor laws and
statutory regulations for
public, concessioned and
private ports [63].

• Lack of an organism that
ensures sustainability in
the national port activity.
Concern about the envi-
ronmental impact of port
operations [4].

• Probable improvements in the regula-
tory framework [64].

• Probably more active participation in
international forums [64].

• Stability in labor laws that can poten-
tially allow the generation of conflicts
between companies, ports and work-
ers [65].

• Stability in the statutory regulations gov-
erning the different types of ports [66].

• Lack of an organism that ensures
sustainability in the national port
activity [64].

• A new regulatory framework that regulates port activity guarantee-
ing sustainability [67].

• Leadership in international forums as a result of the implementation
of a new regulatory framework that establishes goals and regulates
port activity to ensure sustainability [68].

• A new regulation between workers and companies that establishes
duties and rights of workers, operational stability for companies
and ports, as well as a better productive environment [4].

• Existence of the National Commission for Sustainability Assurance.
• Integrated computer system to measure sustainability in ports and

related companies.
• Computer system that provides data to support international com-

mitments on sustainability [69].

Enterprises:

• Regulatory framework
that establishes operat-
ing and statutory regula-
tions for companies not
necessarily linked to sus-
tainability criteria [70].

• Low prioritization of re-
medial actions regarding
the environmental impact
of port operations [71].

• Regulatory framework of operational
and statutory regulations for ports
with a probable greater emphasis on
sustainability criteria [72].

• Probable improvements in the regula-
tory framework related to the environ-
mental impact of port operations [16].

• Greater pressure from the State regard-
ing the environmental impact of port
operations [63].

• A new regulatory framework that ensures the sustainability of port
activity.

• Regulations establishing labor and environmental criteria that guar-
antee competitiveness under equal conditions [73].

• Very significant decrease in the environmental impact of port oper-
ations.

• Better relationship with workers, higher productivity and better
standards.

• Significantly better relationship between companies and ports with
the communities that host them [4].

• Integrated computer system that allows a company to share infor-
mation with the State, as well as to measure its degree of sustain-
ability and compare itself to the rest of them [74].

Maritime ports:

• Regulatory framework
that establishes opera-
tional and statutory reg-
ulations for ports, not
necessarily linked to sus-
tainability criteria [70].

• Little concern about the
environmental impact of
port operations [75].

• Regulatory framework of operational
and statutory regulations for ports
with a probable greater emphasis on
sustainability criteria [72].

• Probable improvements in the regula-
tory framework related to the environ-
mental impact of port operations [16].

• Greater pressure from the State regard-
ing the environmental impact of port
operations [63].

• Knowledge and implementation of the new regulatory framework
for port activities that require sustainability in their operations [64].

• Port activities are completely framed within the regulations that
guarantee an adequate relationship with the environment [4].

• Excellent relationship between the ports and the communities that
host them.

• Integrated computer system that allows a port to share information
with the State, as well as to measure its degree of sustainability and
compare itself to the rest of the ports [71] .
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Table 4. Cont.

Current Situation In Five or More Years

No System With System

Workers:

• Existence of a national
regulatory framework re-
lated to port labor activ-
ity [76].

• Stagnation in the national regula-
tory framework related to port labor
activity [76].

• Moderate risk of labor disputes
between companies, ports and
workers [65].

• Non-existence of instances for job
training in harmony with companies
and the state [77].

• Better safety standards in work activities [78].
• New regulations that ensure the welfare and safety of workers in

harmony with the productive goals of the companies [76].
• Clarity regarding the duties and rights of company workers [65].
• Very significant reduction in labor disputes with companies [65].
• Permanent training of workers [76]

6. Conclusions

This research identified the main characteristics that ports must have at the general
level so that they can be classified as sustainable or green ports. It is noted that there are
varying degrees of sustainability development in the port industry and that for a port to
be green, it is required to meet multiple aspects of the macro and micro environment that
regulate the impacts that are generated on port operations.

Implementing sustainability requires a cultural change from all private and public
actors that build the port network, in which there are trust and international commitments;
protocols, regulations and standards to be met. Also, new public policies and strategies are
needed that promote respect for the environment, the relationship with the inhabitants of
the city the port occupies, the use of technology, international trade, among others.

In this work the strategies of the Chilean ports of Valparaíso and San Antonio were
studied. It was noted that although they are not certified as EcoPorts, words related to the
social, economic and environmental aspects are being included in their corporate missions.
This shows that there is an interest in incorporating sustainability into port business, in
order to comply with the state’s strategic planning for 2030, with the National Clean
Production Program in energy efficiency, and with the International Convention for the
Prevention of Pollution from Ships [59,79].

A conceptual modelling is proposed consisting of a monitoring system that is useful
for decision-making and management control with sustainable indicators related to occu-
pational accidents, cargo movement and emissions. With regard to the viability of model
development, as shown in Figure 2, it is feasible to do so as it is based on freely available
databases that can feed and power the system. It can be concluded that it is an effective,
reliable and timely tool that allows monitoring the flow of data and that; if implemented, it
would allow the collection of information that contributes to the creation of new sustainable
initiatives to improve the Chilean port business. On the other hand, it could provide the
State with information needed to create new regulations and public policies. To be realized,
it must include a new player in the Chilean port system: the National Commission for
Port Sustainability. This entity will have the function of coordinating actions with public
services for the generation of laws and regulations.

Finally, it is necessary to continue with this investigation line, searching for new
variables and indicators to better define the degree of sustainability that a port possess,
and the gaps they must fulfill in order to achieve the “green port” status.
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