
PME

I
J

International Journal of 
Production Management	
and Engineering

https://doi.org/10.4995/ijpme.2024.21090 

Received: 2024-01-24 Accepted: 2024-01-29

Advances and emerging research trends in maritime transport logistics: 
environment, port competitiveness and foreign trade

Paola Alzate  *a1, Gustavo A. Isaza  a2, Eliana M. Toro  b, Jorge A. Jaramillo-Garzón  a3 

a Faculty of Engineering, Universidad de Caldas, Calle 65 # 26-10, 170004, Manizales, Colombia.
b Faculty of Business Science, Universidad Tecnológica de Pereira, Cra. 27 #10-02, 660001, Pereira, Colombia,

*a1 paola.alzate4991@ucaldas.edu.co, a2 gustavo.isaza@ucaldas.edu.co, a3 jorge.jaramillo@ucaldas.edu.co; 
b elianam@utp.edu.co

Abstract:
The operations of international trade drive global economies, with maritime transport serving as a key pillar 
in market connectivity and acceleration. The opportunities presented by Industry 4.0 to connect supply chain 
actors through integrated logistics pose a challenge that fuels the number of studies in this area, with a particular 
interest in the transportation stage due to its responsibilities for efficiency. This study conducts a systematic 
literature review by analyzing scientometric aspects and identifying research trends related to maritime 
transportation logistics. The PRISMA methodology, graph theory, and bibliometric indicators such as indegree, 
betweenness, and outdegree were employed to process the information related to maritime transportation 
logistics from the Scopus and Web of Science databases spanning from 2000 to 2022. The gathered information 
and results were processed and analyzed using R-studio and Bibliometrix tools. The documents were classified 
as original, structural, and research trends, with the latter focused on topics related to the environment, port 
competitiveness, logistics optimization, and economics. The conclusions underscore the urgency of mitigating 
greenhouse gas emissions in maritime transport, optimizing port logistics processes, and addressing economic 
complexities to ensure sustainability and competitiveness in global trade. Finally, an agenda for future research 
in the field is presented.
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1.	 Introduction 

The logistics associated with maritime transportation 
and its related activities of planning, control, 
distribution, and supply chain management have 
generated competitive advantages and opportunities 
for profitability and efficiency among the involved 
stakeholders (Rojas et  al., 2021). The logistical 
processes in the sector are drivers of supply chain 
globalization and the various factors related 
to international trade conditions (Valionienė 
& Plačienė, 2020). These characteristics have 
positioned maritime transportation as the dominant 
mode compared to air and land transport (Sánchez, 

2020), accounting for over 90% of the total volume 
of trade (Lozano Arguello, 2021; Zhou, Stephen, 
et al., 2021).

As a global energy consumer, maritime 
transportation contributes to the negative impact 
of climate change, accounting for 2.7% of CO2 
emissions from the international shipping industry 
(Senčila & Jurgelāne-Kaldava, 2020; Coșofreț et al., 
2020). Despite the fact that the sectors with a greater 
environmental impact are land and air transportation 
rather than maritime (Lee et  al., 2019), maritime 
transportation has faced additional costs associated 
with greenhouse gas emissions and air pollution in 
order to mitigate its actions (Vierth & Merkel, 2020). 
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Furthermore, global policies have been implemented 
to promote sustainable activities for the development 
of nations and the conscious utilization of resources, 
such as the Sustainable Development Goals (SDGs) 
(Mincomercio, 2021).

In recent years, the study of maritime transportation 
has gained relevance among the scientific community 
and shipping companies due to the identified 
repercussions in economic and environmental 
areas (Mondello et  al., 2021). On the other hand, 
the complexity of the transit network and its 
variable behavior have required the incorporation 
and definition of factors to manage supply chains 
in the maritime transportation industry (Lin et  al., 
2020). Meanwhile, the conditions of the sector 
have presented significant challenges related to the 
importance of improving coordination, increasing 
flexibility in port dwell times, enhancing service 
levels, improving transportation infrastructure, 
implementing technological information systems, 
and developing efficient shipping routes and networks 
(Sumantri, 2020a). Additionally, other aspects 
arising from the Covid-19 pandemic have reshaped 
the previously considered logistical administration 
(Enriquez & Sáenz, 2021), leading maritime 
transportation services to operate under challenging 
dynamics involving scientific knowledge, political 
decisions, and societal acceptance and consent 
(Kleine-Kampmann et al., 2021).

The impact of maritime transportation logistics on 
global economies, as well as technological, social, 
and environmental aspects, has sparked interest in 
bibliographic studies from various perspectives. 
On one hand, elements involved in logistic 
system operations have been considered based 
on demand and service quality (Giannopoulos & 
Aifandopoulou-klimis, 2004). Another literature 
review identified the combined application of the 
Delphi method and multicriteria decision-making 
in maritime transportation research (Arof, 2015). 
Furthermore, the impact of innovation and the 
economy on environmental regulations applied 
to shipping in Northern Europe has been studied 
(Makkonen & Repka, 2016). Subsequently, the 
success and shortcomings of policies implemented 
over a 20-year period in the short-sea shipping 
industry in Europe were analyzed (Suárez-Alemán, 
2016). A systematic mapping of research related to 
green ports and maritime logistics was conducted, 
identifying research sources and those with potential 
for further study (Davarzani et al., 2016).

Subsequent studies performed systematic literature 
reviews with different objectives. One review 
aimed to identify technological mechanisms used in 
maritime cargo transportation (Bălan, 2018). Another 
review identified trends in innovation applied to the 
shipping industry in the maritime sector (Koukaki & 
Tei, 2020). Additionally, another approach analyzed 
scientific articles with environmental and economic 
impacts using life cycle assessment and costing 
methods in maritime transportation (Mondello et al., 
2021). Finally, a review was conducted on logistics 
studies related to simulation and optimization in 
maritime transportation (Zhou, Ma, et al., 2021).

Despite the unquestionable relevance of the topic, 
no studies have been identified thus far that conduct 
a systematic literature review that deeply analyzes 
studies from the last two decades with an evaluation 
of trends in maritime transportation logistics. To 
address this, bibliometric techniques are employed 
using publications registered in the Scopus and 
Web of Science databases from 2000 to 2022. Tools 
such as R-studio and the Tree of Sciences (ToS) are 
also utilized to analyze authors, countries, journals, 
institutions, and other key documents related to 
maritime transportation logistics (Josten et al., 2003).

This work is divided into four sections. The first 
section describes the methodology for obtaining and 
analyzing information. The second section presents 
the scientific mapping of the knowledge area. 
Subsequently, the third section focuses on network 
construction and the identification of research 
trends in maritime transportation logistics. Finally, 
the fourth section presents the conclusions and 
recommendations for future work.

2.	 Methods

Two stages, namely scientific mapping and network 
construction were carried out in the field of maritime 
transportation logistics. The first stage involved 
analyzing publications registered in the Scopus and 
Web of Science databases from 2000 to 2022 to 
conduct the bibliometric analysis. Subsequently, the 
network construction phase identified the original 
documents, structural documents, and research 
trends using the R-studio software and the Tree of 
Science theory.

The search equation incorporated the terms 
“maritime logistics” and “maritime transport”. The 
articles identified in the two analyzed databases 
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were processed in the R-studio software, resulting 
in a total of 627 non-duplicated documents and an 
overlap level of 71.33%.

The methodological framework for selecting the 
documents to be included in the analysis was 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA). This methodology 
serves as a guideline for identifying, selecting, 
evaluating, and synthesizing study documents 
(Page et  al., 2021). Figure 1 presents the inclusion 
and exclusion criteria considered, resulting in the 
identification of 78 studies for the development of 
this work. The inclusion documents were acquired 
following the methodology outlined in the “Network 
Construction” section, where graph theory and 
bibliometric indicators were applied to identify the 
supporting (roots), structuring (stem), and enhancing 
(leaves) documents shaping research trends in the 
study topic.

Figure 1. Consultation documents.

2.1.	 Scientific mapping

The bibliometric procedures recommended by 
Zupic and Cater (2015) for studying citations, word 
co-occurrence, co-citations, co-authorship, and 
bibliographic coupling were initially employed. The 
Scopus and Web of Science databases were chosen 
due to their global relevance (Pranckutė, 2021; Zhu 
& Liu, 2020) and their contributions to various fields 
of knowledge (Echchakoui, 2020). Additionally, 
the Bibliometrix tool (Aria & Cuccurullo, 2017) 
was implemented to facilitate the integration of 
bibliographic information from different databases. 
This tool has been widely used and validated in 
various studies (Acevedo et  al., 2020; Di Vaio 

et  al., 2021; Duque, Samboni, et  al., 2020; Duque, 
Trejos, et al., 2021; Landinez et al., 2019; Queiroz 
& Fosso Wamba, 2021; Secinaro et al., 2021; Tani 
et al., 2018).

2.2.	 Network construction
The citation network was constructed using graph 
theory to consider the typology and characteristics 
of the network, with references from the publications 
analyzed using the R-studio software (Wallis, 2007; 
S. Yang et  al., 2016). Subsequently, bibliometric 
indicators were identified, including Indegree, which 
quantifies the number of times a document has been 
referenced by others (Wallis, 2007); Betweenness, 
which measures the degree of intermediation and 
centrality of each element within a network (Freeman, 
1977); and Outdegree, which represents the number 
of times a particular node cites others or the number 
of connections of each document (Wallis, 2007). The 
identification of original and structural documents 
in the scientific network was based on the results 
of the Indegree and Betweenness indicators, while 
research trends were determined using the Outdegree 
indicator in the form of clusters. The proposed 
methodology has been validated in various studies 
in different areas of knowledge (Buitrago et  al., 
2020; Duque & Cervantes, 2019; Duque et al., 2021; 
Ramos et al., 2021; Duque et al., 2020; Duque et al., 
2021; Trejos-Salazar et  al., 2021; Rubaceti et  al., 
2022; Clavijo-Tapia et al., 2021; Torres et al., 2021; 
Alzate & Giraldo, 2023). Additionally, a cocitation 
map was created to visualize the subareas or research 
streams within the field of study, following the 
proposals of Gurzki and Woisetschläger (2017) and 
Zuschke (2020).

3.	 Results

3.1.	 Bibliometric results

The number of publications per year on maritime 
transport logistics, as recorded in the Scopus and 
Web of Science databases between 2000 and 2022, 
is presented in Figure 2. The increasing trend line 
highlights the interest of the scientific community in 
this field of study, which has been boosted in the last 
5  years with 50% of the publications falling within 
the study period. Overall, there has been an annual 
growth rate of 15.77%, and specifically, a growth rate 
of 12.12% between the year 2019 and the immediately 
following year, with the latter representing the highest 
peak among all the years analyzed.
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Figure 2. Annual publications.

The top 10 countries with the highest number 
of publications are highlighted in Table  1, with 
the United Kingdom, Spain, Poland, and China 
occupying the top positions, contributing to 
30.92% of the total documents in the field. Greece 
and Norway are also noteworthy, as they have a 
significant number of publications, accounting for a 
combined 8.66% of the publications. Additionally, 
three collaboration groups led by the United 
Kingdom, Germany, and China stand out, indicating 
collaboration among countries within these groups. 
However, collaboration between countries from 
different groups is also evident.

The main journals, based on the number of 
publications and H-index, are presented in Table 2. 
However, other indicators such as quartiles and the 
Scimago Journal Report (SJR) are also considered 
in the analysis. Maritime Policy and Management 
and Maritime Economics and Logistics, both from 
the United Kingdom, occupy the first and second 
positions, respectively, with contributions of 21 and 
14 documents. It is worth noting that the top-ranked 

journals are located in Quartile 1, with Sustainability 
Switzerland showing the best indicators. On the 
other hand, Marine Policy stands out as the journal 
with the highest H-index and SJR, despite its eighth 
position in terms of number of publications. In 
terms of countries, the United Kingdom and the 
Netherlands stand out for the number of journals 
publishing in the field.

The relevance of authors based on their involvement 
in publications related to maritime transport logistics 
is presented in Table 3, considering three aspects: 
number of publications, number of citations, and 
H-index. Gordon Wilmsmeier from the University of 
the Andes is the author with the highest number of 
publications, followed by Dong-wook Song from the 
World Maritime University. Harilaos N. Psaraftis, 
ranked 7th, has the highest number of citations 
(4671), and Adolf K.Y. Ng has the highest H-index. 
Regarding the authors’ affiliations, a diverse 
representation of countries is identified, with the 
10 authors on the list coming from different cities.

In terms of co-citations and collaboration among 
authors, Figure 3 presents the most prominent 
groups. The networks show strong participation of 
the authors presented in Table 3, of which the top 
three authors are leaders of the most representative 
author collaboration groups. The largest group 
involves Gordon Wilmsmeier, Jason Monios, and 
Adolf Ng, who are highly influential authors in the 
field of study. Additionally, Dond-wook Song and 
Kum Fai Yuen have significant involvement in the 
networks they lead, with Photis M. Panayides and 
Eonseogn Lee also being visible, both belonging to 
the top 10 authors. On the other hand, the citation 
network identifies three groups, two of which 
have thicker networks that suggest the degree of 

Table 1. Participation by country.

Country/Region Number of publications % participation Network of collaboration among countries
United Kingdom 50 8,83%
Spain 43 7,60%
Poland 42 7,42%
China 40 7,07%
Germany 39 6,89%
Italy 39 6,89%
United States 32 5,65%
Australia 31 5,48%
Greece 25 4,42%
Norway 24 4,24%
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co-citation among the authors in the network. It is 
worth noting that there are also co-citations between 
different groups, and in this section, new authors 
such as Notteboom and Wang make significant 
contributions.

3.2.	 Research trends in maritime transport 
logistics

The original studies that support the theme and 
indicate emerging research trends are presented in 
Figure 4. The most relevant topics related to the 

Table 2. Main journals in maritime transportation logistics.

No Source
No. of 
records

% 
participation

Quartile 
SJR

H-index 
(SJR)

SJR-
2020 Country

1 Maritime Policy and Management 21 4% Q1 57 1,05 United Kingdom
2 Maritime Economics and Logistics 14 2% Q1 54 0,67 United Kingdom
3 Sustainability Switzerland 13 2% Q1 85 0,61 Switzerland
4 Journal of Maritime Research 9 2% - 9 0 Spain
5 Journal of Coastal Research 8 1% Q3 90 0,25 United State

6 International Journal of Logistics Research 
and Applications 7 1% Q1 33 0,8 United Kingdom

7 Wmu Journal of Maritime Affairs 7 1% Q1 19 0,59 Germany
8 Marine Policy 6 1% Q1 95 1,36 United Kingdom
9 Transportation Research Procedia 6 1% - 40 0,66 Netherlands
10 Asian Journal of Shipping and Logistics 6 1% Q1 22 0,7 Netherlands

Table 3. Characteristics of the main authors.

No Author
# of 

publications
# of 

citations H-index Institution
1 Wilmsmeier, Gordon 10 1391 20 Universidad de Los Andes, Bogotá, Colombia
2 Song, Dong-wook 9 2790 23 World Maritime University, Malmo, Sweden

3 Yuen, Kum Fai 8 1981 25 Nanyang Technological University, Singapore City, 
Singapore

4 Monios, Jason 6 1303 20 KEDGE Business School, Talence, France
5 Ng, Adolf K.Y. 6 2786 34 St. John’s College, Winnipeg, Winnipeg, Canada
6 Panayides, Photis M. 6 2064 26 Cyprus University of Technology, Limassol, Cyprus
7 Psaraftis, Harilaos N. 6 4671 30 Technical University of Denmark, Lyngby, Denmark
8 Thai, V.V. 5 1723 26 RMIT University, Melbourne, Australia
9 Lee, Paul Tae Woo 5 1467 23 Zhejiang University, Hangzhou, China
10 Lee, Eonseong 5 121 5 Pusan National University, Busan, South Korea

Network of collaboration among authors Network of co-citation among authors

Figure 3. Network of collaboration and cocitation between authors.
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root of studies in maritime transport logistics are 
maritime economics (Panayides, 2006; Stopford, 
n.d.), transport networks (Bouman et  al., 2017), 
maritime ports (Robinson, 2002), supply chains 
(Carbone & De Martino, 2003), and primarily 
sustainability and the environment (Cariou, 2011; 
Corbett et  al., 2007; Lindstad & Eskeland, 2015; 
Psaraftis & Kontovas, 2013). The documents 
belonging to the trunk, which provide structure and 
link the original documents to research perspectives, 
have directed the theme towards energy efficiency 
(Acciaro & Wilmsmeier, 2015), sustainability and 
the environment (Davarzani et  al., 2016; Lister, 
2015; Psaraftis, 2016), economics (Acciaro, 2014; 
Parola et  al., 2015), and maritime administration 
policies (Panayides & Song, 2013). Meanwhile, the 
documents located in the leaves, corresponding to 
streams and research trends, have directed studies 

towards digitization and technology (Schaumburg 
et  al., 2020), intelligent transportation (Caliskan & 
Ozturkoglu, 2018), resource consumption (Işıklı 
et  al., 2020; Seithe et  al., 2020), supply chain 
integration (Shin et al., 2018; Yuen & Thai, 2017), 
and primarily network design (Castillo Hidalgo 
& Zohra Mohamed-Chérif, 2017; Lakhal, 2017; 
Palmieri et  al., 2019; Wibisono & Jittamai, 2017) 
and sustainability, the environment, and climate 
change (Bagoulla & Guillotreau, 2020; Carral et al., 
2020; Farkas et al., 2021; Halim et al., 2018; Monios 
& Wilmsmeier, 2020; Poulsen et al., 2018; Psaraftis 
& Kontovas, 2020; Romera, 2017; H. Yang & Ma, 
2019; Zis et al., 2020; Zis & Psaraftis, 2022).

The research trends related to maritime transport 
logistics have mainly focused on 4 major groups 
(Table 4). The first group is called “Environmental 

Figure 4. Knowledge tree in maritime transport logistics.
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Impacts of Maritime Transport,” as indicated by the 
words suggesting a relationship between shipping 
operations and fuel emissions, resource consumption, 
and other sustainability aspects. Group  2, “Supply 
Chain and International Shipping,” integrates 
distribution logistics activities with competitiveness, 
service, and port strategies. Group 3, “Port Networks 
and Vehicle Routing,” involves the distribution 
network activities with cargo terminals, management, 
and route design. Finally, Cluster 4, “Economic 
Aspects of International Trade,” considers logistics 

operations, efficiency associated with network 
activities, and the economic implications of maritime 
transport.

Trend 1. Environmental Impacts of Maritime 
Transport

The most relevant cluster in terms of the number 
of publications is related to greenhouse gas (GHG) 
emissions from maritime transport. Research in this 
area has focused on understanding the causes of GHG 
emissions and developing strategies to minimize 

Table 4. Research trends in maritime transportation logistics.

Research trend & References

1. Environmental Impacts of Maritime Transport 

Wang et al. (2021); Bouman et al. (2017); Faber et al. 
(2009); Psaraftis & Kontovas (2020); Ampah et  al. 
(2021); Gil-Lopez & Verdu-Vazquez (2021); Viana et al. 
(2014); Bach et al. (2020); Farkas et al. (2021) and Zis 
& Psaraftis (2022)

2. �Port networks and optimization of logistics 
processes 

Song & Panayides (2012b); Huybrechts et al. (2002); 
Sumantri (2020b); Carbone & De Martino (2003); 
Belyaev et  al. (2020); Song & Panayides (2012a); 
Porter (2011); Evangelista & Morvillo (1999); Lin 
et al. (2020) and Jia & Yang (2020)

3. Port Competitiveness in the Supply Chain 

 

Bierwirth & Meisel (2015); Zhou, Ma, et  al. (2021); 
Fagerholt et al. (2010); Wang & Meng, (2012); Romero 
et al. (2013); Meng & Wang (2011); Tagawa et al. (2021); 
Moscoso-López et al. (2021); Imai et al. (1997) and Chen 
et al. (2022).

4. Economic aspects of foreign trade 

Button & Nijkamp (1997); Wilmsmeier (2016); 
Wilmsmeier et  al. (2006); Sánchez et  al. (2003); 
Martínez-Zarzoso & Nowak-Lehmann (2007); Jacks 
& Stuermer (2021); Rojon et  al. (2021); Sugrue & 
Adriaens (2022); Chang et  al. (2020) and Lei & 
Bachmann (2020).
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these emissions in order to achieve the goals set by 
the International Maritime Organization (IMO) for 
2030 and 2050, which are related to reducing carbon 
intensity in ships.

Maritime transport is the main player in international 
trade, with a fleet of over 90,000 vessels worldwide, 
and an average annual increase in operations of 
3.12% (Wang et al., 2021). This mode of transport 
is responsible for 3.3% of global CO2 emissions and 
6.1% of the total emissions in the European Union. 
GHG emissions from maritime transport reached 
1,056 million tonnes of CO2 in 2018, accounting for 
more than 2.89% of the global total (Wang et  al., 
2021). Despite the inclusive initiatives and policies 
aimed at reducing emissions, it is projected that 
they will continue to grow disproportionately, with 
efficiency and competitiveness being among the 
main drivers. Furthermore, it is estimated that by 
2050, emissions could increase by 150% to 250% 
due to the tripling of international trade (Bouman 
et al., 2017; Faber et al., 2009).

The urgency of addressing GHG emissions and 
exploring decarbonization options in maritime 
transport has led to studies on the IMO’s strategies 
and the need to incorporate new alternatives to 
reduce CO2 emissions by 40% in 2030 and 50% 
in 2050 (Psaraftis & Kontovas, 2020). One of the 
potential solutions is the use of clean marine fuels 
such as liquefied natural gas, methanol, ammonia, 
and hydrogen (Ampah et  al., 2021). Other studies 
have examined the implications of ships in Spanish 
ports, finding that the use of natural gas can achieve 
fuel savings of over 20% compared to traditional 
fossil fuels while significantly reducing CO2, NOx, 
and SOx emissions (Gil-Lopez & Verdu-Vazquez, 
2021). In general, issues such as GHG emissions 
reported in coastal areas of European countries, 
which are related to air quality, the atmosphere, and 
public health, highlight the need to continue existing 
measures and pay attention to the primary particles 
emitted by ships (Viana et al., 2014).

On the other hand, other strategies have been proposed 
and developed to mitigate the environmental impact 
of maritime transport. These include the use of 
electric batteries and hydrogen, which has been 
applied in coastal transport in Norway, suggesting 
it as a viable alternative for the future (Bach et al., 
2020). Another study conducted an analysis of 
the results and potential benefits of applying low-
friction anti-fouling coatings on ships, finding that 
it is possible to achieve potential energy savings 

and reduce CO2 emissions into the atmosphere 
(Farkas et  al., 2021). Another strategy involved 
analyzing the consequences of reducing power and 
speed in container ships on GHG emissions, with 
a focus primarily on perishable food exports from 
South America to China. The results highlighted a 
significant reduction in emissions, increased ship 
efficiency, and no adverse effects on the quality of 
perishable goods (Zis & Psaraftis, 2022).

Trend 2. Port Competitiveness in the Supply Chain

The highlighted elements in this perspective consider 
aspects related to logistics and the entities involved 
in it, supply chain management, business activities 
and decisions, and port operations. Companies 
organize their processes in order to optimize their 
logistics work and gain a competitive advantage over 
others. Meanwhile, ports play a significant role in 
international trade and seek to improve performance 
and overcome industry-specific challenges.

Globalization and the growing development of 
industries have a significant influence on the demand 
for maritime transport and logistics in the supply 
chain. Maritime transport is the primary mode of 
transportation for goods, accounting for over 90% of 
global commercial cargo movement. Therefore, the 
role played by maritime transport and ports in the 
global economy is influential and of interest for study 
(Song & Panayides, 2012b). One of the most notable 
elements of international trade is port activity, which 
facilitates the circulation of thousands of tons of 
various goods and connects different parts of the 
world through globalization. As a result, maritime 
ports have become logistics centers and industrial 
hubs that need to be certified and at the forefront 
of technical, computer, and technological updates 
to be recognized as key nodes in maritime transit 
(Huybrechts et al., 2002).

Despite the significant efforts made by ports to be 
globally competitive, challenges related to supply 
chain integration still persist as a central aspect of 
business transformation and economic growth. 
Various studies have focused on identifying and 
seeking alternatives to address specific issues. 
For example, the Indonesian port logistics system 
faces challenges in the transit of goods related to 
regulations on import and export of special goods, 
third-party logistics, port infrastructure, adoption 
of new technologies, and connectivity in maritime 
routes. The solution to this problem could involve 
coordination and cooperation among institutions 

Int. J. Prod. Manag. Eng. (2024) 12(1), 1-18 Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

Alzate et al. 

8

http://creativecommons.org/licenses/by-nc-nd/4.0/


to facilitate paperwork and logistics procedures, 
improving the flexibility of waiting times at each 
port, investing in infrastructure, and ultimately 
developing new routes and transport networks 
(Sumantri, 2020b). Another studied approach has 
been the capacity of ports to integrate into all phases 
of the logistics process. The port of Le Havre in the 
Renault supply chain was used as an example, where 
business data were collected from port personnel, 
logistics staff, and external authorities. The study 
concluded that ports still lack significantly advanced 
research and knowledge in terms of business 
economics (Carbone & De Martino, 2003). This 
situation affects port efficiency, considering that 
maritime ports, as global connectors, contribute 
to international competitiveness based on their 
economic development and utilization of their 
geographical position (Belyaev et al., 2020).

The logistics of maritime transportation, considered 
one of the main factors providing competitive 
advantages to economies, has driven research to 
identify activities and areas that will enable it to stay 
at the forefront, increase its relevance, and improve 
operations management. After an exhaustive data 
review, it was concluded that the most relevant 
thematic areas are those related to ecological and 
sustainable issues, maritime transport networks, 
and ports as key players in the entire logistics 
process. These aspects should consider security and 
operational aspects that facilitate the supply chain 
(Song & Panayides, 2012a). Regarding competitive 
advantages, each of the factors that should be 
considered for a company or organization to excel 
over others were analyzed, identifying the importance 
of relationships with suppliers, customers, and, most 
importantly, being rigorous and careful in each phase 
of the logistics process and supply chain to enhance 
processes sustainably and profitably (Porter, 2011).

In light of the above, companies must explore 
methods or ways that allow them to obtain strategic 
leverage through alliances between shipping 
companies, carriers, freight forwarders, and other 
entities in the logistics chain, providing value and 
integration to the supply chain. However, these 
activities have been primarily observed in the 
maritime phase for space utilization and not in 
aspects such as shared use of human resources and 
marketing activities (Evangelista & Morvillo, 1999). 
Other studies have identified deficiencies in logistics 
networks, such as in Taiwan, where interviews with 
professionals in the maritime network revealed gaps 
that affect and influence the network, including weak 

links between the port and cargo owners, cultural 
and political norms, and container flow (Lin et  al., 
2020). Furthermore, another research in the field 
proposed identifying key points to achieve flexibility 
in maritime logistics through the collection and 
classification of background information based on 
importance and the identification of these points in 
logistical challenges (Jia & Yang, 2020).

Trend 3. Port networks and optimization of logistics 
processes

The efforts made by various entities involved 
in international trade processes enable the 
smooth functioning and development of logistics 
management and goal achievement. In this regard, 
the main aspects addressed in Perspective 2 are 
entirely related to the efforts made by researchers 
to automate processes, improve, facilitate, schedule, 
and efficiently allocate all aspects to be considered 
in logistics networks, particularly in ports and 
their surroundings. It is worth noting that by 2015, 
there were still not enough advancements in topics 
related to port arrivals, berthing, and algorithm 
assignment and modification (Bierwirth & Meisel, 
2015). Although significant contributions have been 
made since then, the field currently requires further 
exploration.

Operational actors in maritime logistics, as well as 
researchers, constantly face changes and challenges 
resulting from new technologies, specifically Industry 
4.0. Optimization in maritime logistics is one of the 
extensive fields of study in this area, aiming to bring 
new solutions and automate common processes in the 
logistics management of international trade (Zhou, 
Ma, et  al., 2021). The efforts made are diverse; 
however, the focus remains on process improvement 
through activities such as the incorporation of new 
methodologies, techniques, and/or procedures that 
facilitate decision-making and strategic planning. 
Furthermore, validation in real-world applications is 
crucial. For instance, applied research in a Norwegian 
shipping company employed stochastic aspects 
to effectively configure port planning considering 
contract sizes and contractual conditions (Fagerholt 
et al., 2010).

Significant progress has been identified in the 
literature on operational research and its application 
in ports since 2009. Some of the efforts related to 
the improvement and development of the logistics 
process involved the creation of a program to design 
itineraries for regular liner vessel arrivals, considering 
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uncertainties at sea and in the port, along with vessel 
speed. The implementation of a mixed integer non-
linear programming model led to the conclusion that 
it can be beneficial for vessels to occasionally violate 
maximum allowed schedules in terms of reducing 
costs by reducing average speed and fuel cost savings 
(Wang & Meng, 2012). Subsequently, another study 
presented a methodology to address ship routing 
problems, travel times, and constraint management 
that arise during maritime transportation, resulting in 
meeting customer requirements in terms of delivery 
times (Romero et al., 2013).

Among the challenges of operations research, 
reducing delivery times and fuel levels while 
increasing operational efficiency are key. To address 
these challenges, a practical problem was proposed 
to determine the optimal combination of container 
ship deployment frequency and navigation speed. 
The method used was the e-optimal algorithm based 
on branch and bound, which yielded an optimal 
and efficient solution for practical problems related 
to fuel consumption, time, and service frequency 
(Meng & Wang, 2011). Another study utilized a 
mixed integer programming model to solve an 
optimization problem between shipping companies 
and cargo owners. Four factors were considered in 
problem resolution: cargo demand, fuel price, ship 
size, and time value. The results of this study can 
assist port management personnel in implementing 
precautionary measures against potential changes 
in networks, depending on which of the four 
aforementioned factors are affected (Tagawa et  al., 
2021).

Other studies, problem formulations, model 
creations, and research aimed at improving, 
strategizing, and optimizing maritime logistics 
include the following: a problem of forecasting 
perishable food cargo flows at the port of Algeciras, 
Spain was presented. Machine learning methods 
were employed, analyzing data from 2010 to 2017 
to provide predictions as accurately as possible, 
using statistical and machine learning approaches. 
Results included a prediction accuracy of over 13% 
for fresh fruits and 11% for vegetables (Moscoso-
López et  al., 2021). Furthermore, two assignment 
problems focused on optimizing time reduction in 
ports and maritime transportation were presented. 
An Asian port berth assignment problem aimed at 
reducing port stay times and dissatisfaction in terms 
of berth order. An algorithm called BAP was used to 
find the optimal assignment that minimizes the total 
sum of times, enabling informed decision-making 

by port operators for more optimal port operations 
(Imai et  al., 1997). Additionally, an optimal multi-
objective time slot assignment model for maritime 
transportation was developed, using the NSGA-II 
algorithm. The obtained methods can assist carriers 
in solving their assignment problems and provide 
assistance in regular container line maritime logistics 
(Chen et al., 2022).

Trend 4. Economic aspects of foreign trade

Maritime transportation is directly linked to variables 
such as port infrastructure, service efficiency, types 
of goods, and geographical aspects, among others. 
These variables collectively define freight costs, 
which is the most relevant topic in perspective 4. 
Similarly, a country’s economy is closely related to 
maritime transportation, as it is the primary mode 
of global goods transportation. Therefore, price 
fluctuations in maritime transportation can have 
beneficial or detrimental effects depending on the 
case and the territory in which they occur.

The liberalization and globalization of markets 
have generated constant changes and movements, 
particularly in supply and demand. Maritime 
transportation is proposed as a method of economic 
integration that promotes development and 
competitiveness through agreements between 
economic networks. However, inherent problems 
exist, and this article recommends political solutions 
that can foster development and provide appropriate 
responses to various conditions (Button & Nijkamp, 
1997). Based on the above, it is understood that 
maritime transportation is a key pillar of global 
economies. Analyzing the main factors that drive 
maritime transportation prices, with a focus on Latin 
America, is of interest. The aim is to suggest both 
political and port measures that can contribute to 
regional development and increased competitiveness 
(Wilmsmeier, 2016).

Several factors that affect maritime transportation 
prices are mentioned in various documents. Analyses 
were conducted on different port characteristics 
and their impact on price variations, such as 
operational efficiency, port infrastructure, and 
interport connectivity. It is concluded that if ports 
have significant advancements, development, and 
efficiency, their prices will increase when offering 
services. Therefore, faster and more reliable services 
are more beneficial in terms of service provision 
but not in terms of pricing (Wilmsmeier et  al., 
2006). Furthermore, the variables with the greatest 
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impact on price fluctuations in maritime and river 
transportation were identified, with a focus on 
Latin American ports and their impact according to 
their level of efficiency. This information was used 
to construct a cost model for maritime and river 
transportation, primarily based on port efficiency. It 
was concluded that port efficiency is directly related 
to maritime and river freight costs, considering other 
variables that directly impact prices, such as product 
type, insurance costs, and product price (Sánchez 
et al., 2003).

As a result of another research, the determinants 
impacting maritime and land transportation freight 
prices for exports from Spain to Turkey and Poland 
were analyzed independently. Variables such as 
unit values, distance traveled, service quality and 
structure, among others, were taken into account. 
The results obtained showed that the actual 
distance is not a determining indicator of maritime 
transportation freight costs. Instead, service 
efficiency and quality have a greater impact. In the 
case of land transportation, geographical distance 
is more important (Martínez-Zarzoso & Nowak-
Lehmann, 2007).

Furthermore, factors influencing long-term maritime 
transportation costs were identified by analyzing 
documents from 1850 to 2020. The main factors 
that modify prices include supply and demand, 
types of goods, origin and destination, geographic 
determinants, among others (Jacks & Stuermer, 2021). 
Another literature review defined the relationship 
between maritime carbon pricing and transportation 
costs. Determinants of maritime transportation costs, 
such as geography, infrastructure, current politics, 
goods to be transported, and economic development, 
were analyzed. It was concluded that maritime carbon 
pricing would directly affect developing countries, as 
they lack the necessary capacity to adapt to changes 
due to inequalities and technological development 
disadvantages (Rojon et al., 2021).

The transportation industry is closely linked to 
international trade, meaning that the maritime 
transportation economy is directly influenced by the 
volume of global commercial transactions. While 
maritime transportation generates significant capital, 
millions of dollars are also wasted in its logistical 
processes. For instance, delays in dredging operations 
at several U.S. ports have caused economic losses 
due to waiting times, leading to inefficiency and 
logistic delays. Political solutions have been sought, 
but the only conclusion reached is that dredging 

prices have increased by more than 250% in the 
past 30 years, creating inefficiencies and imbalances 
between intended savings and actual expenses. To 
address this, a model was created to understand the 
ports’ needs based on demand, enabling beneficial 
financing decisions (Sugrue & Adriaens, 2022).

On another note, the analysis of different economic 
blocs and their relationship and impact on maritime 
transportation revealed that economic blocs generate 
economic networks that are highly beneficial for 
maritime transportation (Chang et al., 2020). Finally, 
another study determined the relationship between 
port efficiency and maritime transportation costs, 
considering dock utilization, labor time, and vessel 
docking time. All these aspects collectively influence 
service efficiency and provision, directly relating to 
the value of maritime transportation freight (Lei & 
Bachmann, 2020).

4.	 Conclusions and future work

In terms of scientometric analysis, publications 
related to maritime transportation logistics have 
shown a growing trend of 15.77% annually, 
particularly since 2018 when it surpassed the general 
trend line. The countries with the highest number of 
documents were the United Kingdom, Spain, and 
Poland, demonstrating collaborative work within 
the same network that includes other significant 
countries in the field such as Italy and Belgium. 
Regarding journal relevance, 70% of the publications 
in the top 10 are classified in Q1, with Europe 
leading in participation. Among the authors, Gordon 
Wilmsmeier, affiliated with Colombia, stands out 
for having the highest number of publications (10); 
Harilaos Psaraftis from Denmark has the highest 
number of citations (4671); and Adolf Ng from 
Canada has the highest H-index (34).

Network analysis using graph theory and 
bibliometric indicators highlight the study themes 
of the originating documents, including supply 
chains, transportation networks, and sustainability 
in operations, primarily. In terms of structure, there 
is a focus on natural resources and the economy. 
The research trends have been grouped into four 
main areas, which are the environmental impact of 
maritime transportation, process optimization in 
response to industry 4.0, port competitiveness in the 
supply chain, and the economic aspects of foreign 
trade.
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The previously outlined research trends establish 
future themes to provide continuity to proposed 
investigations (Table 5). Emphasizing the critical 
importance of sustainability, logistics efficiency, 
and economic aspects in the maritime transport 
context, these trends suggest specific areas for 
research. The proposals encompass exploring 
sustainable technologies, crafting regulations for 
fuel transitions, understanding the effects of strategic 
planning, addressing optimization challenges based 
on meteorological conditions, studying medium-
term demand variability, and examining measures 
for port efficiency. Each proposed theme reflects 
critical areas deserving substantial attention due to 
their impact on the sustainability, efficiency, and 
economic dimensions of this pivotal industry.

In environmental terms, research on sustainable 
and alternative technologies garners global interest, 
particularly in embracing cleaner and more efficient 
solutions to mitigate environmental impact and 
enhance industrial competitiveness. Spearheading 
this effort, the establishment and execution of 
regulatory policies would serve as a guiding beacon, 
supporting the maritime industry’s transition towards 
sustainable practices.

On the strategic planning front, studies wield 
significant potential to reshape port management 
and maritime routes. Delving into aspects such as 
medium-term demand variability opens doors to 
more precise and efficient planning, easing resource 

management and enhancing adaptability to demand 
fluctuations. Similarly, addressing optimization 
challenges tied to meteorological conditions 
contributes to the safety and efficiency of maritime 
transport when facing adverse weather conditions.

Lastly, the economic lens on international trade, 
coupled with the current data-centric landscape, 
poses a challenge in devising strategies to handle 
vast volumes of data. Specifically, delving into 
efficiency measures at ports could pave the way 
for smoother international trade, grounded in well-
informed decisions and economic equilibrium within 
the maritime sector.
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