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Innovation and digitalization in port enterprises

Federica Marroni

1. Introduction?

Port infrastructure, and the authorities that are called upon to manage
it, constitute a fundamental element that assists the port system. The
port system constitutes a central factor in the economic and social de-
velopment of any country, it contributes to the creation of not only eco-
nomic and social value but also to the determination of transnational
networks useful in strengthening exchanges of all kinds.

Ports contribute to economic development and employment in port
cities even if can have negative impacts on the environment (Vega-
Munoz, 2021). In recent years, people have become more aware of the
need for environmental protection. Making port activities in harmony
with the sustainability of sea resources is an important goal in terms of
sustainable development. The port community, including port author-
ities and locals, prioritizes environmental sustainability due to the neg-
ative impacts of transportation and port activities that often go unno-
ticed in business strategies (Acciaro, 2014). The transport sector is
facing growing pressure from various stakeholders, including govern-
ments, customers, and environmentalists. Infrastructure stress, con-
gestion, accidents, and pollution (such as air, noise, and debris) are

1 Federica Marroni is a PhD Student, PhD Program in Business Administration,
XXXVII Cycle, L.R. 13/2008, Sapienza University of Rome. This work was carried
out as part of the Research Project scholarship titled "Economia del mare tra turismo
e food" funded by the Lazio Region and Consorzio Industriale del Lazio.
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contributing to this pressure. This pressure is also being felt in the port
sector, where there is a push for internalizing external costs to promote
eco-awareness, boost resource efficiency, and ensure fair competition
among transport company chains (Acciaro, 2014).

While the 17 Sustainable Development Goals (SDGs) serve as interna-
tional standards for sustainability, the level of initiative adoption varies by
country. Among the reasons that highlight these differences are certainly
geographical, political, economic, and regulatory contexts and more. In ad-
dition to these internal factors, there is one related to governance.

Research on green ports is still in its infancy despite the increasing
orientation towards sustainability in port governance. Many aspects
require further investigation (Munim et al., 2020; Davarzani et al., 2016;
Bergqvist & Monios, 2018). Seaports are under pressure to balance eco-
nomic objectives with sustainability due to the significant impact of the
maritime sector on the economy, society, trade, and the environment.
(Valenza et al., 2023, Lozano et al., 2019).

Seaports have taken up corporate sustainability practices to ensure the
protection of the environment and the well-being of their employees. These
practices include sustainability reporting, which provides information on pol-
lution, biodiversity protection, energy consumption, waste management,
health, and safety. Studies by Valenza et al. (2023) and Ashrafi et al. (2019)
highlight the importance of such practices in promoting sustainable develop-
ment. Drobetz et al. (2014) also emphasized the need for seaports to prioritize
sustainability in their operations. Transparency and communication of sus-
tainability report information, and beyond, certainly can be enhanced by the
presence of technological innovations within port enterprises or rather the
port system. The introduction of technological innovation, in addition to fos-
tering sustainable economic integration and growth of the economic system,
can also bring productivity benefits to the ports themselves.

The process of digitization is crucial not only for ports but also for the
regions and countries that rely heavily on the port ecosystems. By studying
the digitalization level of ports, we can discover the best ways to enhance
safety, security, and visibility during the digital transformation. This can
help to attract both passengers and freight flows, which can have a positive
impact not only on ports but also on the sustainable development of coastal
regions. (Paulauskas et al., 2021). Although the support and presence of
technological innovation within the port system could improve the perfor-
mance of operations subordinate to port activity, some authors (Inkinen,
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Helminen, & Saarikoski, 2021), point out that it is important to note that the
incorporation of digitization in port strategies may not be readily apparent
or given due consideration. This gap prompted the Author to analyze the
extent to which previous literature has followed this social and organiza-
tional evolution and how research in this area has developed.

Using the structured literature review (SLR) (Paoloni & Demartini, 2016)
and following the protocol's suggestions, this article aims to address the fol-
lowing research questions: RQ1. How is research in the literature develop-
ing the topic of port enterprises and their sustainable development?; RQ2.
What are the main foci of analysis in the extant literature?; RQ3. What are
the possible future research areas?

Answering these questions, the paper seeks to emphasize the sustaina-
ble governance of port enterprises since they have an important responsi-
bility in this context, given that, much of the global threats to environmental
damage are thought to stem from economic activity and the way it is con-
ducted. The results of this contribution are directed to academics, practition-
ers and decision-makers.

The rest of this document is structured in the following manner:
Section 2. aims to describe the methodology used to conduct this anal-
ysis, and Section 3. discusses the generalization of the results obtained
from the structured literature review (SLR). Section 4. deals with the
discussion of the results and provides concluding remarks. While Sec-
tion 5. includes future perspectives. The final section details the theo-
retical implications and limitations of the study.

2. Research methodology

The methodology used is a structured literature review (SLR), for a
rigorous and structured mapping of the critical literature central to and
underlying the research we are conducting. (Tranfield et al., 2003),
which allows for highlighting the most significant research related to
a given topic (Saunders et al., 2009).

To carry out SLR, we used the Scopus platform as a source for searching
and obtaining scientific articles. As the analytical framework for conducting
an SLR advises, several keywords were identified, which made it possible
to identify documents related to the subject matter of this paper.

Keywords used on Scopus were: "port" and "sustainability” or "gov-
ernance" or "digitization". The authors limited the search to "Paper
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title," "Abstract" and "Keywords" to prevent documents not related to
the objective of the research from being extracted. This search pro-
duced 2,632 document results. Then filters were applied to narrow the
subject area into "Business Management and Accounting" and "Eco-
nomics, Econometrics and Finance," excluding irrelevant areas outside
the scope of port business and sustainability, so that 554 articles were
obtained. To make the search more concentrated, an additional filter
was applied about document type: "Article," "Book," and "Book Chap-
ter," so that 460 documents were obtained.

Finally, the search was limited to scientific articles written in English.
Therefore, the results obtained and analyzed are 446. To further improve
the analysis, duplicates were removed, resulting in the final analysis of 424
documents. Referring to the analytical framework used to conduct this SLR,
the process used to identify eligible research is depicted in Figure 1.

Papers extracted from SCOPUS research “Port” AND / Record excluded (“'_2'078) \
“Sustainability” OR “Governance” OR “Digitalization”. because papers belonging to the
following areas: Social Sciences,
(n. 2,632) Environmental Science,
IDENTIFICATION . .
— Engineering, Energy, Computer
( h Science, Earth and Planeta;
Total number of papers identified 4 Ty
Sciences, Agricultural and
(n. 2,632) Biological Sciences, Decision
\ J Sciences, Arts and Humanities,
Mathematics, Materials Science,
Limit to “Business, Management and Medicine, Physics and
Accounting” and “Economics, Econometrics and Astronomy, Chemical
Finance” areas. Engineering, Multidisciplinary,
Biochemistry, Genetics and
(n. 554) . .
\_ J Molecular Biology, Chemistry,
- Psychology, Health Professions,
( Total ber of dentified Pharmacology, Toxicology and
otal number of papers identifie Pharmaceutics, Nursing/
(n.554) Immunology and Microbiology,
Y, K Veterinary, Neuroscience. /
SCREENING and Limit to “Article”, “Book” and “Book Chapter”
ELIGIBILITY
L (n. 460) Record excluded (n. 14)
because papers are not in
- English.
Total number of papers identified
(n.446)
-
Duplicates paper are
22.
Paper after duplicates removed (n.424)

Fig. 1. The procedure for selecting the eligible papers. Source: Author elaboration.
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2.1. Definition of the analytical framework

This paper consists of three sections: research focus (A), research
method (B), and geographical area (C). The analytical framework is by
Paoloni, and Demartini, 2016. Reading the titles, keywords and ab-
stracts of the selected papers enabled the authors to define the analyt-
ical framework itself. The different topics identified are:

(1) Environmental impacts: includes all literature that analyses the topic
of sustainability in ports and the subsequent analysis of performance using
indicators linked directly and indirectly to sustainable actions.

(2) Strategies: includes all literature that analyses the topic of port govern-
ance, and the strategies adopted to create greater efficiency of the same. Espe-
cially, the organizational model developed by Green Ports is highlighted.

(3) Technological innovation: includes all literature that analyses the
topic of digitization in the port environment by highlighting any innovative
technological solutions currently present or under development.

(4) Other: includes all residual literature that cannot be placed within the
article focuses previously identified.

A. ARTICLE FOCUS

Al. Environmental impacts
A2. Strategies

A3. Technological innovation
A4. Other

Concerning how the research is conducted, the authors identify the
following methodologies:

A. RESEARCH METHOD

B1. Literature analysis
B2. Qualitative research
B3. Quantitative research
B4. Research mix

B5. Theoretical analysis
B6. Other

The last section is called "geographical area” (C), which aims to classify
documents according to the geographic affiliation of the authors.

C. GEOGRAPHICAL AREA




146 MixiNG AcCOUNTING REGULATION AND CORPORATE ACCOUNTABILITY

Hungary, Russia, Slovenia, Romania, Lithuania, Croa-
tia, Serbia, Macedonia

Israel, Lebanon, United Arab Emirates, Jordan, Saudi
Arabia, Iran, Iraq, Oman, Kuwait

C1. East Europe

C2. Middle East

C3. South and Central Argentine, Dominican Republic, Brazil, Jamaica, Mex-
America ico, Chile
C4. North America USA and Canada

Austria, Belgium, Denmark, Ireland, France, Ger-
C5. Northern Europe many, Netherlands, Scandinavian countries, Switzer-
land, Poland, Czech Republic, Slovakia

Cé6. Southern Europe Italy, Spain, Portugal, Greece, Turkey

China, Japan, Korea, Singapore, Sri Lanka, Malaysia,
C7. Asia Pakistan, India, Indonesia, Hong Kong, Thailand, Vi-
etnam, Armenia, Nepal, Kazakhstan

Tanzania, Uganda, Botswana, South Africa, Nigeria,

C8. Africa Ethiopia, Zambia, Mauritius
C9. UK

C10. Oceania Australia and New Zealand
C11. Mixed

Source: Paoloni, P. & Demartini, P. (2016).

3. Results

To define which articles are eligible, the authors read the title, abstract, and
keywords so that they are relevant to the purpose of the proposed research.

3.1. Article focus

Following the reading of each abstract, title, and keywords, of the
selected papers in the literature, several topics discussed by the au-
thors were identified. The focus most discussed by the researchers was
A2, with 150 of 424 papers (35%), followed by A4, with 138 of 424 pa-
pers (33%), followed by A1, with 106 of 424 papers (25%), and finally
A3 with 30 papers (7%). Figure 2 shows the results obtained.
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ARTICLE FOCUS

M Environmental impacts
W Strategies
B Technological innovation

MW Other

Fig. 2. Article focus of eligible papers.

3.2. Research method

The most used research methodology, from the analysis of the re-
sults, appears to have been B2 (qualitative research), with 194 of 424
papers (46%), followed by B5 (theoretical analysis), with 98 of 424 pa-
pers (23%), followed by B4 (research mix), with 92 of 424 papers (22%),
then followed by B1 (Literature analysis), with 17 of 424 papers (4%),
B3 (quantitative research) with 16 papers (4%), and finally B6 (Other)
with 7 papers (1%). Figure 3 presents all the results obtained.

RESEARCH METHOD
1% 4%

M Literature analysis

W Qualitative research
W Quantitative analysis
B Research mix

M Theoretical analysis

W Other

Fig. 3. Research method of eligible papers.
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3.3. Geographical area of authors’ affiliations

Analyzing the results obtained from the SLR, it is possible to show
that most of the authors come from different geographical areas (26%),
with 111 of 424 documents, followed by research conducted in North-
ern Europe (18%), with 75 of 424 documents, Asia (15%), with 62 of 424
documents, and Southern Europe (13%), with 57 of 424 documents. All
the results obtained are shown in Figure 4.

GEOGRAPHICAL AREA

1% 1%

M East Europe

W Middle East

M South and Central
America

W North America

W Northern Europe

W Southern Europe

M Asia

Fig. 4. Representation of the geographical area of authors.

4. Discussion and conclusions

The purpose of this section is to explore the most relevant topics of
each identified focus. To answer RQ1 (How is research in the literature
developing the topic of port enterprises and their sustainable develop-
ment?), the following contributions are presented.

Regarding article focus Al (Environmental Impacts), the contribu-
tions included in this section highlight what environmental impacts
ports cause and propose possible indicators for monitoring them. Alt-
hough ports promote economic and employment development, on the
other hand, they harm the port city environment; in fact, several
sources of pollution arise from port operations, such as wastewater,



Innovation and digitalization in port enterprises 149

solid waste, noise, and air pollution (Teerawattana et al, 2019). For this
reason, the sustainability of port activities is becoming increasingly im-
portant (Zheng et al., 2020; Dong et al., 2019).

One of the most relevant papers related to this section is that of Lirn et
al, 2013, in which the authors analyze the ecological performance of a port
by identifying the performance indicators of the three major ports in Asia.

Specifically, a questionnaire was administered to 100 academics in-
volved in maritime studies, who were asked to rate the importance of 17
indices on a five-point Likert scale, which included management of air
pollution, noise, solid waste, liquid waste, and finally conservation of ma-
rine biology. Results of the research conducted show that "air pollution
management" was the most important dimension that influenced the eco-
logical performance of these ports, followed by liquid pollution manage-
ment, solids, and then noise pollution and biodiversity conservation.

This sustainability approach aims to preserve natural resources and
biodiversity. The increasing amount of waste generated is a problem
due to the inefficient use of resources and the harmful effects it pro-
duces. (Vega-Murioz et al, 2021), for this reason, it is becoming increas-
ingly important to establish a set of comprehensive green performance
indices for a port (Lirn et al, 2013). Papers related to Article A3 (Tech-
nological Innovation) were also examined, which include all those
dealing with the topic of technology and digitization within port en-
terprises. Among the documents analyzed, this topic is the least ad-
dressed by the scientific community.

But although scientific production concerning this issue is lacking,
one of the noteworthy contributions is Assunta Di Vaio and Luisa Var-
riale, "Digitalization in the sea-land supply chain: experiences from Italy in
rethinking the port operations within inter-organizational relationships,
2019”. The authors investigate how digital business process manage-
ment platforms can be used to redesign operational processes in inter-
organizational relationship systems between public and private actors
in seaports. Specifically, through the case study methodology, they
consider the ports of Livorno and Levante as the first to adopt the use
of digital platforms in their process. It is important to note that utiliz-
ing IT can result in alterations to conventional procedures. This in-
cludes the lack of face-to-face interaction among those involved in port
operations, the automation of all port-related tasks, and the implemen-
tation of a universally accepted language code.
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Finally, under article focus A2 (Strategies), fall all those contributions
that analyze how a port is structured from a governance perspective. De-
spite the great relevance of corporate governance in business studies, and
despite the increasing importance that the topic of sustainability has in
every sphere, the link between sustainability strategies and the achievement
of corporate goals is still unclear. In this area, particularly relevant is the
contribution of Schrobback P. and Meath C., 2020. That contribution pre-
sents a survey of the degree of corporate sustainability strategy adoption
within ports, especially in Australia and New Zealand. The analysis con-
ducted through interviews, highlighted, in the relevant contexts, that the
port industry has begun to implement to develop sustainable corporate
governance strategies, for example, through the high use of general good
governance practices, environmental practices, safety practices, and sus-
tainability performance indicators.

Regarding RQ2 (What are the main points of analysis in the existing
literature?), the analyses obtained from the structured literature re-
view, following the model of Paoloni and Demartini, 2016, show that
the most discussed topic was A2 (Strategies), with 35% of the docu-
ments analyzed. Indeed, the research obtained shows that the scientific
community has paid more attention to the study of organizational
models and port development strategies, this is partly because over the
last thirty years, port governance issues have become central to the
agendas of many governments (Brooks et al., 2012).

One of the most relevant research papers in A2 (Strategies) is the
work of Munim et al., 2020, in which the authors discuss which model
of port governance is most appropriate for the management of green
ports. The study takes up the four governance models, proposed by
the World Bank, based on port functions, ordered by increasing levels
of privatization: service port, instrument port, ownership port, and pri-
vate port. Following the proposed interviews with top executives of
three Indian Ocean ports (Bangladesh, Sri Lanka, & and Tanzania), and
the data collected, it emerges that increasing the level of privatization
in port governance would lead to positive results in terms of building
green ports, hence green ports management positively influences port
performance (Lun, 2011). Therefore, private participation in port oper-
ations is perceived as a positive aspect for developing countries, and
this, in addition to being an effective management tool for companies
to achieve superior performance (Montabon et al., 2007), is also a
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source of competitive advantage (Lun,2011). Consequently, regarding
port governance, the focus is on “green ports”.

“Green ports can be defined as those ports engaging in the proactive
development, implementation, and monitoring of practices aiming at re-
ducing the environmental impacts of the port at local, regional, and global
levels beyond regulatory compliance” (Acciaro, 2015, p.5). They engage in
innovation and research to balance environmental challenges with eco-
nomic performance (Acciaro, 2015), and identify best practices that con-
tribute to better firm performance (Lun, 2011).

Thus, it seems appropriate to focus studies on the competitiveness
and efficiency of ports by promoting initiatives based on green port
management. In conclusion, the trend of going green is spreading
among seaports worldwide, and environmental management is play-
ing a crucial role in port operations. Apart from enhancing customer
satisfaction and corporate image, environmental management offers
cost savings and environmental protection (Teerawattana et al., 2019).
Among other issues, “green ports are concerned, with resource preser-
vation, air/water/soil pollution reduction and control, limitation on the
impacts on the fauna and flora, as well as climate change mitigation
and adaptation (Acciaro, 2015, p.5)".

5. Future perspectives

Concerning RQ3 (What are the possible areas of future research?),
one possible area for future research, could be related to digitization
and smart technologies within the port system, first, because the re-
sults of the analysis conducted show that the number of contributions
related to the topic is lacking and, second, because we are in the era of
digitization, where the role of information technology plays a key role
in improving competitiveness, safety, and sustainability (Pipitsoulis
2009). Although the maritime sector is an example of a traditional in-
dustry where the integration of new digital applications into daily pro-
cesses and practices has started slowly (Inkinen et al., 2021), each port
develops and promotes digitization based on its own internal needs
(Inkinen et al., 2021). The use of technology in port enterprises includes
disseminating data on weather and environmental conditions for effi-
cient maritime traffic and port operations. (Inkinen et al., 2021).

The port industry must adopt innovative technology to manage logistics
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and supply chains in a competitive environment (De Martino et al., 2013).
To summarize, innovation has the potential to address several environmen-
tal challenges that ports face (Yap & Lam, 2013). In fact, by shaping the pace
and methods of economic sector development, innovation can help main-
tain competitiveness (Acciaro et al, 2014).

6. Theoretical implications and limitations of the research

The contribution of this SLR makes it possible to identify what ar-
eas of research are related to port enterprises and the research methods
used. Referring to theoretical implications, this contribution suggests
enlarging studies on these issues, as well as suggesting possible areas
for future research. A limitation of this research is the use of the man-
ual approach, which, although cheaper and more flexible, may involve
the use of personal judgment which could influence the results. The
use of only one database (SCOPUS) for article analysis and consulta-
tion implies a further limitation of this work. For these reasons, it is
desirable to use other databases (e.g., WoS or Google Scholar) in the
future and replicate the SLR protocol from this study. Finally, just
reading titles, keywords, and abstracts can be considered a hindrance
to both the insight of primary information and the understanding of
what research methodology is being applied.
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