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ABSTRACT 

The study examined the effect of green shipping practices on port digitalization in Nigeria. 

The dependent variable focused on port digitalization (PORDIG) which served as the 

regressand or measure. The dimensions or the predictor variables of green shipping practices 

analyzed included energy-efficient vessels (ENEGEV), decarbonization of maritime transport 

(DEMATR), and technological innovation (TECHIN) and they served as the regressors. The 

data utilized for the study were time series data sourced from the Nigerian Ports Authority 

(NPA), Nigerian Maritime Administration and Safety Agency (NIMASA), Nigerian 

Shippers‘ Council (NSC), Nigerian Navy and Marine Police (NNMP), National Inland 

Waterways Authority (NIWA) and Federal Ministry of Marine and Blue Economy (FMMBE) 

between the period of 1990 to 2024. The analytical techniques employed were Phillip-Perron 

unit root test and bounds cointegration test. The model was estimated using Autoregressive 

Distributed Lag (ARDL) model. The unit root test revealed that the variables have mixed 

order of integration I(0) and I(1). This led to the application of ARDL bounds test to confirm 

cointegration. The result indicated the presence of a long run relationship amongst the 

dependent and independent variables examined in the model. The result revealed that energy-

efficient vessel has significant positive effect on port digitalization in the short run. Also, 

decarbonization of maritime transport and technological innovation have significant positive 

effects on port digitalization in both the short run and long run. Thus, the study recommends 
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among other things, that government should encourage the acquisition of energy-efficient 

vessels and decarbonization of maritime transport system to align with technological 

innovations development of the maritime sector. Also, regulatory frameworks should 

prioritize carbon reduction strategies, including stricter emission controls and incentives for 

low-carbon shipping practices.  

  

KEYWORDS: Green Shipping Practices, Energy-Efficient Vessels, Decarbonization of  

Maritime Transport, Technological Innovation, Port Digitalization 

 

INTRODUCTION 

Nigeria, endowed with vast maritime resources and a strategic coastal location, holds 

immense potential for port digitalization and ecological conservation. However, the nation‘s 

marine and coastal ecosystems are under increasing threat from unsustainable shipping 

practices, environmental degradation, and insufficient adoption of modern green technologies 

(Odiegwu & Zeb-Obipi, 2023). 

 

Green shipping practices—such as the deployment of energy-efficient vessels, the 

decarbonization of marine transport, and the integration of technological innovations—have 

emerged globally as pivotal strategies for reducing the environmental footprint of maritime 

activities. Despite international trends, Nigeria‘s maritime sector still lags in fully embracing 

these practices. The lack of energy-efficient vessels, limited policy frameworks supporting 

decarbonization, and slow pace of port digitalization continue to hamper both port 

digitalization and economic optimization (Nwogu, 2022). 

 

Port digitalization is one of four key categories of port innovation. These innovations consist 

of robotics, process automation, decision-making automation, and digitalization (Zhang et al., 

2024). These four innovations lead to a more efficient supply chain management. 

Specifically, digitalization is changing the way ports operate, turning them into smart port, 

creating Digital Twins, and thus affecting the entire maritime and logistic supply chains (Ali, 

2023) 

 

The transition to green shipping also intersects with broader global challenges, such as 

climate change adaptation and social equity. Rising sea levels and extreme weather events 

pose risks to maritime infrastructure and operations, necessitating resilient designs and 

contingency planning (Gangani et al, 2024). Francois et al, (2024) explored the integration of 
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climate risk assessments into maritime decision-making processes, highlighting the need for 

proactive measures to safeguard the industry‘s future. Social equity considerations, such as 

the impact of decarbonization on seafarers and coastal communities, are also critical. 

Researchers have emphasized the importance of inclusive policies that ensure a just 

transition, balancing environmental goals with the needs of vulnerable populations. 

 

While some efforts have been made to promote port digitalization in the maritime sector, 

there is limited empirical research examining how the adoption of green shipping practices 

directly influences the development of port digitalization in Nigeria. Furthermore, there is 

inadequate data on the extent to which technological innovations and decarbonization 

strategies contribute to ecological and economic transformation in the maritime domain 

(Mohammud & Radu, 2023). This gap presents a significant challenge to the realization of a 

port digitalization in Nigeria. Port digitalization remains underdeveloped due to pollution and 

degraded ecosystems.  

 

Researchers have explored strategies to reduce emissions at ports, such as the use of shore 

power systems that allow ships to turn off their engines while docked. Electrification of port 

equipment and the adoption of renewable energy sources for port operations are additional 

measures being implemented. Ports are also being reimagined as energy hubs, capable of 

supporting alternative fuel bunkering and serving as nodes for renewable energy distribution. 

Collaborative efforts between port authorities, shipping companies, and governments are 

essential to realize these visions, and researchers have emphasized the importance of 

integrated planning and investment (Song, 2024). The study analyzed the effect of green 

shipping practices (represented by technological innovations, energy-efficient vessels, and 

decarbonization of marine transport) on port digitalization in Nigeria.  

 

Objectives of the Study 

The following specific objectives were addressed in the study: 

1. To evaluate the effect of energy-efficient vessels on port digitalization.    

2. To determine the effect of decarbonization of marine transport on port digitalization.   

3. To determine the effect of technological innovations on port digitalization 

 

Research Questions 

The following research questions were raised based on the objectives of the study: 

1. To what extent do energy-efficient vessels affect port digitalization?    
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2. To what extent does decarbonization of marine transport affect port digitalization?   

3. To what extent do technological innovations affect port digitalization?  

    

Research Hypotheses 

The following research hypotheses were tested in the study: 

Ho1: Energy-efficient vessels have no significant effect on port digitalization.    

Ho2: Decarbonization of marine transport has no significant effect on port digitalization.   

Ho3: Technological innovations have no significant effect on port digitalization. 

 

LITERATURE REVIEW 

Theoretical Framework  

Green shipping theories explore how to minimize the environmental impact of shipping while 

balancing economic and operational realities. They encompass a range of approaches. In this 

section, theories such as theory of change and green theory, have been used in this study. 

 

Theory of Change 

The origin of the theory of change can be found in the considerable body of theoretical and 

applied development in the evaluation field, especially among the work of people such as 

Huey Chen, Peter Rossi, Michael Quinn Patton, and Carol Weiss (Weiss,1995; James, 2011).  

These evaluation theorists and practitioners, along with a host of others, have been focused 

on how to apply program theories to evaluation for many decades. A theory of change (ToC) 

is a framework that outlines how and why an initiative is expected to lead to specific 

outcomes and impacts. It maps out the causal pathways between activities and desired results, 

explaining the logic behind the program's design. ToCs are used in program development, 

design, and evaluation, helping to identify assumptions, risks, and potential areas for 

improvement (James, 2011).   

 

A theory of change is a method that explains how a given intervention, or set of interventions, 

are expected to lead to a specific development change, drawing on a causal analysis based on 

available evidence. In the UNDAF context, a thorough theory of change helps guide the 

development of sound and evidence-based programme strategies, with assumptions and risks 

clearly analysed and spelled out (Taplin et al., 2013).  

 

Theory of Change is essentially a comprehensive description and illustration of how and why 

a desired change is expected to happen in a particular context. It is focused in particular on 
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mapping out or ―filling in‖ what has been described as the ―missing middle‖ between what a 

program or change initiative does (its activities or interventions) and how these lead to 

desired goals being achieved. It does this by first identifying the desired long-term goals and 

then works back from these to identify all the conditions (outcomes) that must be in place 

(and how these related to one another causally) for the goals to occur (Varriale et al., 2021). 

These are all mapped out in an Outcomes Framework. The Outcomes Framework then 

provides the basis for identifying what type of activity or intervention will lead to the 

outcomes identified as preconditions for achieving the long-term goal. Through this 

approach, the precise link between activities and the achievement of the long-term goals are 

more fully understood. This leads to better planning, in that activities are linked to a detailed 

understanding of how change actually happens. It also leads to better evaluation, as it is 

possible to measure progress towards the achievement of longer-term goals that goes beyond 

the identification of program outputs (James, 2011).   

 

Green Theory 

Green Theory is a profound and evolving approach within literary and cultural studies that 

focuses on the relationship between humans and the environment (Wake & Malpas, 2013). 

Also known as ecocriticism, Green Theory examines how nature is portrayed in literature and 

the role of literature in advocating environmental protection. It encompasses physical 

phenomena such as plants, animals, and landscapes and a powerful force often called 

―Nature‖ (Marland, 2013). Within Green Theory, culture is viewed as human activity 

concerning nature, including inhabitation, cultivation, business, and worship, and human 

culture is seen as part of the broader natural culture. The pastoral tradition in literature, 

celebrated for its idealized portrayal of rural life and nature, is critiqued within Green Theory 

for mystifying rural production relations (Coupe, 2013). At the same time, Kenneth Burke 

stressed the need to integrate ecological awareness with literary criticism, viewing human 

language as rooted in biological processes and nature (Nwokolo & Ahia, 2023). 

 

Green Theory is instrumental in promoting environmental justice and sustainability, making 

it a cornerstone in literary and maritime studies. It offers profound insights into the complex 

relationships between humans and the natural world. It continues to evolve in addressing 

global issues, providing hope for a more balanced and harmonious future (Chang & Danao, 

2017). Through the works of influential scholars and critical strands like ecofeminism, Green 

Theory challenges traditional notions and invites us to reconsider our relationship with 
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nature, firmly establishing itself as a vital framework for shaping a more sustainable future 

for all, hence its application as a very anchor theory for the effect of green shipping practices 

on blue economy development (Chang & Danao, 2017). 

 

  

 

 

 

 

 

 

 

 

  

  

  

 

  

 

 

Figure 1:  Conceptual Framework of the Effect of Green Shipping Practices on Port  
       Digitalization in Nigeria 

 

 Sources:  Elegbede et al.(2023a); Enyioko and Amadi (2025); Odiegwu and Zeb-Obipi  

(2023); Mi et al. (2024), Karagkouni and Boile (2024), UNCTAD (2024), Ajayi  

(2024), Rok et al. (2024) and Empirical Literature Survey, 2025. 
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Conceptual Review 

Green Shipping Practices  

Green shipping practices involve a range of strategies to minimize the environmental impact 

of shipping, including using alternative fuels, reducing emissions through operational 

efficiencies, optimizing routes, and minimizing waste through sustainable packaging and 

recycling. These practices aim to improve energy efficiency, reduce pollution, and protect 

marine ecosystems (Mi et al., 2024). The maritime industry has long been a cornerstone of 

global trade and economic activity, but its environmental footprint, particularly its 

greenhouse gas emissions, has increasingly come under scrutiny (Mikalai et al, 2024). The 

concept of "green shipping" has emerged as a response to growing environmental concerns, 

with researchers and industry stakeholders focusing on practices and technologies that 

mitigate the sector's impact on the environment.  

 

Green shipping has taken center stage of many environmental discussions. Osuji and 

Agbakwru (2024) noted that green shipping involves the implementation of the principles of 

sustainable development in the shipping sector. It defines how shipping firms go about their 
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environmental responsibility in the course of rendering their shipping services (Poi & Moko, 

2023).  

 

Port operations and their role in green shipping have been extensively studied as well. Shore 

power systems, also known as cold ironing, have been identified as a critical strategy for 

reducing emissions from ships while at berth (Glavinovic et al, 2023). These systems allow 

ships to connect to the local electrical grid, eliminating the need to run auxiliary engines for 

power. Case studies from ports in Europe and North America have demonstrated significant 

reductions in air pollutants and greenhouse gas emissions. The integration of renewable 

energy sources into port operations, such as wind and solar, has further enhanced the 

environmental performance of these systems. 

 

Green shipping has emerged as a critical area of focus within the maritime industry, driven by 

the need to reduce environmental impacts, enhance energy efficiency, and address growing 

concerns over climate change (Kee-Hung et al, 2011). Several studies have investigated 

various aspects of green shipping, exploring its potential to contribute to a sustainable 

maritime sector. This conceptual review examines the relevant literature on topics closely 

related to green shipping practices, technologies, and strategies, with a particular emphasis on 

research that informs the objectives outlined. 

 

The concept of green shipping has been widely explored through investigations into 

innovative practices and technological advancements aimed at minimizing the environmental 

footprint of maritime transportation (Mi et al, 2024). A significant body of research has 

delved into alternative fuel options, such as liquefied natural gas (LNG), hydrogen, ammonia, 

and biofuels, as viable substitutes for traditional fossil fuels.  

 

Energy-Efficient Vessels 

The concept of energy-efficient vessels involves minimizing energy consumption and 

emissions while maintaining or improving ship performance. This includes reducing fuel 

consumption, improving fuel efficiency, and lowering greenhouse gas emissions. It's 

achieved through a combination of design improvements, operational practices, and 

technological advancements (Hassan et al., 2023).  

 

Energy-efficient vessels prioritize minimizing energy consumption and emissions while 

maximizing operational efficiency. This involves incorporating technologies and practices 
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that reduce fuel consumption, lower greenhouse gas emissions, and improve overall 

operational performance. Key aspects include optimizing hull design, utilizing efficient 

propulsion systems, implementing advanced energy management strategies, and promoting 

operational practices that minimize energy waste (IMO, 2024).   

 

Energy efficiency indicators for sea-going ships intended for international voyages are used 

for a decade and are provided by the International Maritime Organization (IMO). They can 

be divided into design and operational ones. Firstly, a design indicator labelled as energy 

efficiency design index (EEDI) became mandatory for new ships over 400 GT built between 

2013 and 2015, under the MARPOL Annex VI. EEDI criterion has been strengthened over 

the years, namely in 2015, 2020, and expected to be strengthened in 2025. In 2023, existing 

ships faced the IMO‘s regulatory examination through the compulsory requirements of the 

energy efficiency existing ship index (EEXI) (El-Omda et al., 2025). 

 

Decarbonization of Marine Transport 

Maritime decarbonization is the process of reducing greenhouse gas (GHG) emissions from 

the global maritime sector, with an overall goal of placing the sector on a pathway that limits 

global temperature rise to 1.5-degrees Celsius. The tool can analyze the costs and emissions 

reduction impacts for three main carbon reduction strategies: electrification, RNG, and green 

hydrogen (Akujor et al., 2022). 

 

Decarbonizing marine transport involves transitioning the shipping industry to reduce its 

greenhouse gas emissions and move towards a net-zero future. This is a global effort driven 

by the International Maritime Organization (IMO), with the goal of achieving net-zero 

emissions by or around 2050. The transition involves several strategies, including using 

alternative fuels, improving vessel efficiency, and adopting new technologies (IMO, 2021). 

  

Maritime decarbonization is the process of reducing greenhouse gas (GHG) emissions from 

the global maritime sector, with an overall goal of placing the sector on a pathway that limits 

global temperature rise to 1.5-degrees Celsius. The maritime industry is at the onset of a 

once-in-a century energy transition as it looks for ways to decarbonize rapidly through 

electrification and low-carbon fuels, optimization tools, and efficiency technologies (Luis et 

al., 2023). 
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Decarbonization strategies in the maritime industry have been extensively evaluated, with a 

focus on their effectiveness in reducing greenhouse gas emissions. The IMO's Initial Strategy 

on the Reduction of Greenhouse Gas Emissions from Ships, which aims to reduce emissions 

by at least 50% by 2050 compared to 2008 levels, has provided a framework for research in 

this area. Studies have analyzed various approaches, including operational measures, market-

based mechanisms, and technological solutions (Serra & Fancello, 2020).  

 

Technological Innovations 

Technology innovation is defined as the creation and application of new or improved 

technologies, tools, systems, and processes that bring about significant advancements or 

breakthroughs in various fields (Olaniyi et al., 2024).  It involves harnessing knowledge, 

expertise, and resources to develop innovative solutions that solve problems, improve 

efficiency, drive progress, and deliver value (El-Omda, et al., 2025).  

  

Technological innovation refers to the implementation of new technologies or the significant 

improvement of existing technologies, resulting in advances in efficiency, productivity and 

competitiveness (Atedhor, 2023). This concept covers various activities, from the 

development of new products and processes, to the acquisition of more advanced 

management systems or the improvement of technological infrastructure (Barbu et al., 2022). 

  

Through technological innovation, it becomes possible for businesses to adapt more quickly 

to market changes, meet public demands effectively and stand out in an increasingly 

competitive environment. In addition, technological innovation can reduce operating costs, 

increase the quality of products and services and open up new business opportunities, thus 

contributing to the creation of value and the longevity of companies (Bofan et al., 2024). 

  

Technology innovation is a major driver of economic growth and competitiveness. It 

fosters the development of new industries, job creation, and increased productivity. 

Countries and organizations that prioritize technology innovation can gain a competitive 

advantage, attract investment, and stimulate economic development (Kolios, 2024). 

Technology innovation drives improvements in efficiency and productivity. By 

introducing new technologies, automation, and streamlined processes, organizations can 

optimize operations, reduce costs, and increase output. This leads to improved efficiency, 

higher profitability, and the ability to deliver products and services more effectively 

(Jakobsen et al., 2023). 
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Port Digitalization 

Port digitalization is the process of integrating digital technologies to transform port 

operations, aiming to enhance efficiency, transparency, and competitiveness. It involves 

utilizing technologies like IoT, big data, AI, and blockchain to automate processes, improve 

decision-making, and create smart, interconnected port ecosystems. This transformation 

enables ports to become more efficient, sustainable, and responsive to the needs of various 

stakeholders within the global supply chain (Chang & Danao, 2017). Port digitalization is one 

of four key categories of port innovation. These innovations consist of robotics, process 

automation, decision-making automation, and digitalization (Zhang et al., 2024).  

 

These four innovations lead to a more efficient supply chain management. Specifically, 

digitalization is changing the way ports operate, turning them into smart port, creating Digital 

Twins, and thus affecting the entire maritime and logistic supply chains (Yui-yip et al., 2024)  

  

Port digitalization refers to the use of digital technologies to optimize port operations, 

enhance logistics, and improve overall efficiency in cargo handling, security, and 

sustainability. Digitalization allows ports to automate many traditional manual processes, 

reducing human error, and improving real-time data management (Zabel, 2023). It involves 

integrating technologies like IoT (Internet of Things), AI (Artificial Intelligence), blockchain, 

and big data analytics into port operations. 

  

Port digitalization is the digital transformation of port processes. These processes are always 

collecting new data, evolving, and learning. This gives stakeholders real-time situational 

awareness of all events going on in their ecosystem. To fully digitalize operations, 

all stakeholders must be on board, as it influences the entire supply chain. Although 

digitalization improves efficiency and effectiveness, there must be an idea of collaboration 

not only between stakeholders but also between ports. This transformation is a big cultural 

change for the maritime industry, an industry born in the 15th century (Su, et al., 2024). 

  

Port digitalization is the foundation of Smart Ports and Digital Twins. Digital Twins use 

technologies like Big Data, IoT sensors, Artificial Intelligence, and blockchain. Although 

these tools and solutions can transform real-time data into accurate and more precise business 

decisions, the most important aspect is that the digitalization and technology used is 

deliverable and configurable (Yui-yip et al., 2024).  
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Port digitalization is extremely effective for operations. Cranes and vehicles can be 

automated, saving time and money, real-time data can be shared, and essentially 

all stakeholders can know exactly what is going on during port operations. Ports can adopt 

automation processes, process cargo and containers at a higher speed with 

less error, and increase their effectiveness.  Port digitalization, in the future, can go as far as 

to create an interconnectedness between all maritime actors. This is a long-term solution that 

would connect an international network of Smart Ports which would increase transparency 

between shipping companies, ports, and stakeholders (Nguyen et al., 2025). 

   

Port digitalization is changing the container handling industry. With a growing world and 

economy, ships are getting larger, and more containers are being unloaded at terminal docks. 

Thanks to port digitalization, port quay operations are becoming safer, more efficient, more 

accurate, and more traceable. This fixes the past issue of terminals being unsafe due to heavy 

machinery, data inaccuracy, and untraceable activities (Karagkouni & Boile, 2024). 

   

Effect of Energy-Efficient Vessels on Port Digitalization 

Falcone (2023) examined sustainable energy policies in developing countries: A review of 

challenges and Opportunities. The study revealed that green shipping practices and port 

digitalization are intertwined and mutually reinforcing, leading to more sustainable and 

efficient port operations. Digitalization enables ports to optimize operations for reduced 

emissions and energy consumption, while green shipping practices drive the demand for 

digital solutions that enhance efficiency and environmental performance. 

  

Fallah et al. (2022) conducted a study on sustainable development goals (SDGs) as a 

framework for corporate social responsibility (CSR). The study used ANOVA and found that 

the variations with which energy-efficient vessels are strategic in the literature makes it 

difficult to grasp the essential attributes.  The study also, found that energy-efficient vessel is 

of critical importance to blue economy because it allows vessels use various technologies and 

strategies to reduce fuel consumption and emissions. 

 

The demands of the global economy have meant technological innovations have changed and 

become increasingly important in harnessing the flow of goods (Fardin et al., 2024). Aziz et 

al. submit that technological innovations are largely seen a cost centre, that is an asset which 

incurs a cost but does not directly benefit a business.  
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Many studies have sought to identify and measure the inputs of the energy-efficient vessel; 

technological innovations and marine transport decarbonization are utilised as strategic hubs 

of green shipping activities Others have identified elements such as financial investments, 

patents and commercialization of innovative products and services (Elkafas et al. 2023). 

  

Effect of Decarbonization of Marine Transport on Port Digitalization 

Enock (2023) conducted a study on does shipping cause environmental emissions? Evidence 

from African countries.  The study employed correlational analysis and found that energy-

efficient vessel activities do not generate substantial environmental externalities that affect 

surrounding neighborhoods. Using data from the Los Angeles region, his study tests the 

relationship between the spatial distribution of technological innovations and neighborhoods 

with different demographic and socioeconomic characteristics. The results show that 

technological innovations are disproportionately located in both low-income and medium-

income minority neighborhoods. The distribution of energy-efficient vessel facilities and 

activities is highly related to the percentage of minorities as expected, but its relationship 

with household income is nonetheless mixed. Yui-yip et al. (2024) examined maritime 

transport resilience: A systematic literature review on the current state of the art, research 

agenda and future research directions. The study explored extant literature Akbari and 

Hopkins (2022) examined digital technologies as enablers of supply chain sustainability in an 

emerging economy. The study analyzed 333 digital technology-innovative firms in South 

Korea and found that organizational effectiveness significantly affects energy-efficient 

vessel. Their findings also imply that managers with entrepreneurial orientation and market 

orientation should emphasize development of blue economy in order to boost energy-efficient 

vessel and ultimately achieve organizational effectiveness.  

 

Dzhengiz and Niesten, (2020) did a study on competences for environmental sustainability: A 

systematic review on the impact of absorptive capacity and capabilities. The study revealed 

that development of blue economy has a positive effect on firm energy-efficient vessel. In 

addition, energy-efficient vessel was found to positively affect financial performance via the 

full mediating effect of firm energy-efficient vessel. Durik et al. (2023) point out the indirect 

impact of energy-efficient vessel on innovation, via innovative culture. The results are also 

supported by findings of subsequent studies.   
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Effect of Technological Innovations on Port Digitalization 

El-Araby (2024) indicate that energy-efficient vessel hinges on senior management support, 

as well as an appropriate innovative infrastructure and information and communication 

technology, leading to organizational effectiveness. This suggests the possibility that survival 

and exit may be contingent not only on the type of innovation which firms are undertaking 

but also on how firms are undertaking that innovation, that is, the nature of firms‟ innovation 

strategies.  

 

However, energy-efficient vessel surveys tend to focus on measures of process inputs and 

outputs, rather than the process itself or the dynamics that create the innovation (Kim et al., 

2024). It has been suggested that the use of input and output indicators of the innovation 

process is akin to Goodhart‘s Law, in which any statistical evidence related to a set of 

indicators tends to degrade as soon as rules are created to improve, not the process, but the 

indicators themselves (Gangani et al., 2024). Furthermore, macro-level indicators, such as the 

availability of skilled labor, capital, government regulations, and national culture do not 

appear as decisive drivers of radical innovation in companies (Gharizadeh et al., 2020). In 

this sense, further studies are required for a full understanding of the factors that enable 

organizations to implement innovations in a successful way (Gavalas et al., 2022). 

Considering the shortcomings of input and output indicators of the innovation process to 

assess the elements that lead to innovation, such as insufficient attention to internal factors in 

specific contexts, this study set out to investigate the organizational conditions that enable 

companies to innovate — defined in this context as Organizational Energy-efficient vessel 

(OI). Therefore, the present study aimed to develop a theoretical model that identifies OI 

dimensions, and to verify empirically the model's capacity to evaluate the impact of such 

dimensions on innovative performance.  

 

Reddy et al. (2024) conducted a study on sustainable vehicles for decarbonizing the transport 

sector: a comparison of biofuel, electric, fuel cell and solar-powered vehicles. The study used 

factor analytical tools and found that green shipping practices and port digitalization have a 

mutually beneficial relationship, with digitalization playing a key role in enabling and 

enhancing green shipping initiatives. The study also revealed that digital technologies 

improve operational efficiency, reduce emissions, and optimize resource allocation, 

ultimately supporting the green development of ports and the broader maritime industry. 
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The term ―energy-efficient vessel‖ can be seen as the transition involves several strategies, 

including using alternative fuels, improving vessel efficiency, and adopting new technologies 

(Al-Mohannadi et al., 2024). United Nations Environment Programme (UNEP). (2021) 

emphasizes the ability to break established procedures, and thus facilitate the generation of 

innovative ideas, experimentation, and creativity, which in turn would lead to the 

development of new products and technologies. Despite the distinction between the two 

concepts, it is not uncommon to find studies that use the terms as synonymous, applying 

mixed measures for both innovation and energy-efficient vessel (Longarela-Ares et al., 2020).  

Hence, the study therefore hypothesizes that: Ho2: Technological innovations, energy-

efficient vessels and decarbonization of marine transport have no significant effect on port 

digitalization.   

 

MATERIALS AND METHODS 

Research Design 

This study adopted the ex-post facto research design which requires the usage of historical 

data to forecast future trends employing regression techniques. 

 

Method of Data Collection 

Secondary sources of data were used as the main data collection sources in which accuracy, 

availability, adequacy, authority, scope, suitability and sources of data were considered for 

relevance. The relevant data for this study were collected from the annual reports and 

accounts of Nigerian Ports Authority, NIMASA, Shippers Council, Nigeria Inland 

Waterways Authority (NIWA), Federal Ministry of Blue Economy and National Bureau of 

Statistics Annual Statistical Bulletins of the various years in question from their official 

website. The data collected were from the period of 1990-2024.  

 

Model Specification 

This research work adopted the model of Odiegwu and Enyioko (2022a); Felício et al. 

(2021).; Odiegwu & Zeb-Obipi (2023) with slight modifications (for example; marine 

tourism, port digitalization, sustainable fisheries and ecological sustainability). The 

researchers expressed blue economy development (BED) indicators as a function of green 

shipping practices (GSP). Based on that, the model of the study is stated thus:  

Y = bo +b1x1+b2x2+b3x3+e  

PORDIG = ß0 + ß1 ENEGEV + ß2 DEMATR + ß3 TECHIN + Ut  

Where:  
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PORDIG =  Port Digitalization 

ENEGEV= Energy-efficient vessels 

DEMATR= Decarbonization of marine transport 

TECHIN=Technological innovations 

 

A priori Expectation - The a priori expectations adopted the findings of Felício et al. (2021); 

Odiegwu and Zeb-Obipi (2023) and Nguyen et al. (2025), which all stated a positive 

significant effect of independent variables on dependent variables/parameters/indicators.  

Techniques of Data Analyses - The data generated/collected was subjected to analysis. The 

analytical tool used was Eviews 12. Several data analyses techniques were employed for the 

purposes of analyzing the collected data set and drawing conclusions based on them.  

 

Test for Stationarity - In carrying out this research work, it was important to test the 

stationarity properties of the time series.  

Test for Serial Correlation - In a time, series or panel data model, this is correlation 

between the errors in different time periods. A series is said to be serially correlated where 

the data are correlated across time and the errors arise from adjacent time periods.  

 

RESULTS 

Presentation of Data 

Time series annual data on port digitalization (PORDIG) energy-efficient vessels 

(ENEGEV), decarbonization of maritime transport (DEMATR) and technological 

innovations (TECHIN) for Nigeria covering the period from 1990 to 2024 used for this study 

are presented Table 1 below: 

 

Table 1: Time series annual data on port digitalization, energy-efficient vessels, 

decarbonization of maritime transport and technological innovations from 1990 to 2024 

Year 

PORDIG 

(No. of Major Port 

Digitalization 

Initiatives) 

ENEGEV 

(No. of Energy 

– Efficient 

Vessels 

(Approx.) 

DEMATR 

(No. of 

Decarbonization 

incentives count) 

TECHIN 

(No. Notable 

Innovations) 

1990 1 1 1 2 

1991 1 1 1 2 

1992 1 1 2 2 

1993 1 1 1 2 

1994 1 1 2 2 

1995 1 1 2 3 
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1996 2 1 2 3 

1997 2 1 2 3 

1998 2 2 3 3 

1999 3 3 3 3 

2000 3 4 4 5 

2001 4 4 3 5 

2002 5 4 4 5 

2003 5 5 4 5 

2004 6 5 5 5 

2005 7 5 6 8 

2006 8 5 6 8 

2007 9 5 7 8 

2008 10 5 7 8 

2009 11 5 8 8 

2010 12 10 9 15 

2011 14 10 10 15 

2012 15 10 11 20 

2013 17 10 12 20 

2014 18 10 13 20 

2015 20 20 15 30 

2016 22 20 16 30 

2017 24 20 18 30 

2018 26 20 20 40 

2019 28 20 22 40 

2020 30 30 24 50 

2021 35 30 28 50 

2022 38 30 30 55 

2023 40 40 32 55 

2024 42 50 35 60 

Sources: Nigerian Ports Authority (NPA), Nigerian Maritime Administration and Safety 

Agency (NIMASA), Nigerian Shipper‘s Council (NSC), Nigerian Navy and Marine Police 

(NNMP), National Inland Waterways Authority (NIWA), Federal Ministry of Marine and 

Blue Economy (FMMBE). 

 

Descriptive Statistics 

A descriptive analysis of the series was carried out to gain more information on each of the 

variables. The Table 2 below summarized and organized the characteristics of a total of 35 

observations of the dependent variables and independent variables. 

 

Table 2: Descriptive Statistics of the Variables. 

  PORDIG ENEGEV DEMATR TECHIN 

 Mean  13.25714  11.14286  10.51429  17.71429 

 Median  9.000000  5.000000  7.000000  8.000000 

 Maximum  42.00000  50.00000  35.00000  60.00000 

 Minimum  1.000000  1.000000  1.000000  2.000000 

 Std. Dev.  12.64060  12.36490  9.852952  18.57191 
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 Skewness  0.891514  1.482447  1.080320  1.043935 

 Kurtosis  2.602234  4.529590  3.023671  2.675297 

 Jarque-Bera  4.867049  16.23159  6.808844  6.510920 

 Probability  0.087727  0.000299  0.033226  0.038563 

 Observations  35  35  35  35 

Source: Author‘s computation using E-views software, 2025 

 

The descriptive statistics from Table 2 revealed that the mean, minimum, maximum and 

standard deviation for port digitalization (PORDIG) are 13.25714, 1.000000, 42.00000 and 

12.64060 respectively suggesting that the data are convergent to its mean value. Similarly, 

the mean values for energy-efficient vessels (ENEGEV), decarbonization of marine transport 

(DEMATR) and technological innovations (TECHIN) are 11.14286, 10.51429 and 17.71429 

respectively. The standard deviations showed that the observations for each of the variables 

are centered around their respective mean values with the exception of ENEGEV and 

TECHIN whose standard deviations appeared to be greater than their mean values, implying 

that the data are dispersed around the mean.  The kurtosis which measures the peak-ness or 

flatness of the distribution of the series revealed that PORDIG and TECHIN are platykurtic 

since their kurtosis values are less than 3 showing they have broad curves and thick tails. The 

kurtosis of DEMATR is mesokurtic given that the value is approximately 3 indicating that the 

distribution mirrors normal distribution while the kurtosis of ENEGEV is lepokurtic since the 

kurtosis value is higher than 3 suggesting a peaked curve. Furthermore, the probability values 

of the Jarque-Bera statistics of PORDIG revealed that the data are normally distributed at 5 

per cent level except for ENEGEV, DEMATR and TECHIN. 

 

The trends of the series which spanned through the study period (1990-2024) are presented to 

provide more insights into the data distribution in Figure 1 
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Figure 2: Trend of the Effect of Green Shipping Practices (energy-efficient vessels, 

decarbonization of marine transport and technological innovations) on port 

digitalization in Nigeria. (1990-2024).  
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Sources: Nigerian Port Authority (NPA) and Nigerian Shippers Council (NSC)  

 

From figure 2 port digitalization captured by the number of major port digitalization 

initiatives in Nigeria has shown a sustained upward trend. It was 1 in 1990 and remained the 

same until 1996 where it increased to 2 and has continued to trend upwards since then. By 

2024, the number of port digitalization initiatives in Nigeria was 42. The increasing adoption 

of port digitalization initiatives in Nigeria is driven by the need to improve efficiency, reduce 

costs, and enhance competitiveness in the global maritime industry. Specifically, 

digitalization aims to streamline operations, improve transparency, reduce bureaucratic 

bottlenecks and cargo dwell time, all of which contribute to a more efficient and cost-

effective port system.  It is evident from Figure 1 that the trend of energy efficient vessels in 

Nigeria has been characterized by steady upward movements. The number of energy efficient 

vessels was 1 in 1990 and remained so until 1998 where it increased to 2 and continued in 

that manner. By 2010, the number of energy efficient vessel had increased to 10 and further 

increased 30 in 2020 and 50 in 2024 respectively.  

 

Data Analysis 

Unit Root Test 

Unit root tests is crucial in time series analysis to determine if a series is stationary or 

contains a unit root. A unit root indicates the series is non-stationary, potentially leading to 

spurious regressions, where relationships between variables appear significant when in fact 

they are not. Testing for a unit root is a fundamental step to ensure the validity and reliability 

of econometric models and avoid misleading results. Hence, this study employed the Phillips-

Perron (1988) unit root test to examine the order of integration of the variables. The result of 

the Phillips-Perron test of stationarity at level and first difference are presented in Table 3: 

 

Table 3: Unit Root Test Results. 

Variables  PP at Level Critical value 

5% 

PP at 1
st
 

Diff. 

Critical value 

5% 

Order of 

Integration 

 

-0.749675 -2.951125 -7.291630 -2.954021 1(1) 

 

0.483834 -2.951125 -6.511759 -2.954021 1(1) 

 

-8.628040 -2.951125       -       -     1(0) 

 

0.886557 -2.951125 -11.26185 -2.954021 1(1) 

Source: Authors computation from Eviews 12, 2025 
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From the Phillip-Perron unit root test results in Table 3, it was discovered that e 

decarbonization of marine transport DEMATR was stationary at level that is integrated of 

order zero I(0). However, other variables port digitalization PORDIG, energy efficient vessels 

ENEGEV and technological innovations TECHIN) became stationary at first difference that 

is integrated of order one I(1). Given the mixed order of integration of the series I(0) and I(1), 

the autoregressive distributed lag (ARDL) model was employed. 

 

Model Estimation 

Following the evidence of mixed order of integration and the presence of long run 

relationship amongst the variables examined, the autoregressive distributed lag (ARDL) 

model was estimated to analyze the behaviour of the variable in the long run and short run 

and the speed of adjustment to long run equilibrium in model (PORDIG). The results are 

presented in Table 4: 

 

Table 4: ARDL Estimates for Port Digitalization (PORDIG) Model. 

 

Short Run Results 

The short run results from Table 4.6 revealed that energy-efficient vessel (ENEGEV) has a 

positive effect on port digitalization (PORDIG) in Nigeria indicating that one percent 

increase in energy efficient vessel will lead to 0.1616 percent increase in port digitalization. 

This result is consistent with a priori expectation of the study. In addition, the result was 

found to be statistically significant at 0.05 level given the associated probability value of 

0.0019. The findings also showed that decarbonization of maritime transport (DEMATR) has 

a positive and significant effect on port digitalization (PORDIG) suggesting that a percent 

Dependent Variable: LOGPORDIG 

     

Short Run Estimates 

D(LENEGEV) 0.1616 0.0334 4.8390 0.0019 

D(LDEMATR) 0.4533 0.1027 4.4129 0.0031 

D(LTECHIN) 0.2769 0.0558 4.9589 0.0016 

CointEq(-1) -0.3933 0.0251 -15.642 0.0000 

Variable Coefficient Std. Error t – Stats Prob. 

Long Run Estimates 

LENEGEV 0.3492 0.1704 2.0482 0.0797 

LDEMATR 1.0561 0.2308 4.5748 0.0026 

LTECHIN 0.5905 0.2009 2.9390 0.0217 

C 1.7925 0.4444 4.0329 0.0050 

R-Squared  0.9940     Durbin-Watson Stat.                    1.9554 

Source: Author‘s compilation from output of E-Views 12, 2025 
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increase in decarbonization of maritime transport leads to an increase in port digitalization by 

0.4533 percent indicating conformity with a priori expectation.   

 

The estimated coefficient of technological innovation (TECHIN) appeared positively signed 

and exert a significant effect on port digitalization in Nigeria given the associated probability 

value of 0.0016. The result implies that a percent increase in technological innovation will 

lead to an increase in port digitalization by 0.2769 percent, this outcome is consistent with 

theoretical expectation. 

  

Long Run Results 

The long run results revealed that energy-efficient vessel has an insignificant positive effect 

on port digitalization in Nigeria suggesting that one percent increase in energy-efficient 

vessel is associated with 0.3492 percent increase in port digitalization. This finding is similar 

to the behaviour of energy-efficient vessel in the short run. Additionally, the effect of energy-

efficient vessel on port digitalization is higher in the long run compared to its effect in the 

short run. Also, the finding is consistent with a priori expectation of the study. 

   

For decarbonization of maritime transport, its coefficient appeared positively signed and exert 

a significant effect on port digitalization in Nigeria highlighting that one percent increase in 

decarbonization of maritime transport will lead to an increase in port digitalization by 1.0561 

percent, this outcome is in conformity with theoretical expectation. 

 

Also, the long run estimate revealed that technological innovation has a positive and 

statistically significant relationship with port digitalization in Nigeria indicating that a percent 

increase in technological innovation will increase port digitalization by 0.5905 percent. This 

result shows that the relationship between technological innovation and port digitalization 

conforms to a priori expectation of the study.   

 

The coefficient of determination (R
2
) is estimated at 0.9940 which implies that 99.4 percent 

of the variations in port digitalization is explained by the independent variables examined in 

the model (energy efficient vessel, decarbonization of maritime transport and technological 

innovation) indicating a very good fit as the model captures most of the variability in the 

data.  

 

Also, the Durbin-Watson Statistics value of 1.9554 falls within the acceptable range 

indicating that there is no autocorrelation in the residuals. Furthermore, the error correction 
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coefficient is negative (-0.3933) and statistically significant with a probability value of 

0.0000 indicating that the model can adjust to long run equilibrium position at a speed of 

39.33 percent. 

 

Post-estimation Tests 

The study carried out post diagnostic test to ascertain whether the empirical results are 

reliable and suitable for policy application and recommendation. 

 

Table 4: Inspection of CLRM Assumptions. 

Source: Author‘s compilation from output of E-Views 10, 2025 

Tests CLRM Problem Test Stats. Prob. Decision 

Breusch-GodfreyLM Serial Correlation 0.1116 0.7382 Serial independence 

Breusch-Pagan-Godfrey Heteroscedasticity 22.860 0.3514 Constant Variance 

Jarque Bera  Normality Test 0.3203 0.8519 normally Distributed 

Ramsey RESET Model Specification 3.9728 0.0933 Model is not misspecified 

CUSUM Stability      -     - Model is Stable 

Source: Author‘s compilation from output of E-Views 12, 2025 

 

DISCUSSION 

Effect of Energy-Efficient Vessels on Marine Tourism in Nigeria The result of the short run 

estimate shows that energy-efficient vessel (ENEGEV) has positive effect on port 

digitalization (PORDIG) in Nigeria indicating that one percent increase in energy-efficient 

vessels lead to a 0.1616 percent increase in port digitalization in the short run. This finding is 

synonymous with the long run estimate which revealed that energy-efficient vessel has 

positive effect on port digitalization. This implies that one percent increase in energy-

efficient vessels contributes to port digitalization by 0.3492 suggesting that the adoption of 

green vessels prompts the need for compatible digital port infrastructure. The estimated 

coefficients of energy-efficient vessels showed it is consistent with a priori expectation of the 

study and supported by IMO (2020), which emphasized the importance of vessel-port digital 

integration in achieving emission targets and smart port development. Furthermore, the 

positive effect of energy-efficient vessels was found to be statistically significant only in the 

short run at 0.05 level as indicated by its associate probability value of 0.0019. Therefore, the 

study rejects the null hypothesis and conclude that energy-efficient vessel has a positive and 

significant effect on port digitalization in Nigeria.  
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Effect of Decarbonization of Marine Transport on Marine Tourism in Nigeria 

The short run result showed that decarbonization of maritime transport (DEMATR) has 

positive effect on port digitalization (PORDIG) in Nigeria which indicates that one percent 

increase in decarbonization of maritime transport is associated with 0.4533 increase in port 

digitalization. This outcome is similar to the long run result that shows that decarbonization 

of maritime transport has positive effect on port digitalization highlighting that 

decarbonization acts as both a compliance driver and a strategic enabler, pushing ports to 

adopt digital solutions that improve efficiency and sustainability in the short term, and 

transform port infrastructure for long-term climate resilience and operational excellence. 

These findings conform to theoretical expectation and in tandem with Tsimplis et al. (2016) 

who asserted that stricter emission and sustainability standards push ports toward digital 

monitoring, emission tracking systems, and compliance technology. Also supported by 

Kurniawan et al. (2018) who highlighted that sustainable transport policies create demand for 

digital systems to manage environmental performance. In addition, the positive effect of 

decarbonization of maritime transport on port digitalization both in the short run and long run 

was found to be statistically significant at 0.05 significance level given the corresponding 

probability values of 0.0031 and 0.0026 respectively. Hence, the study rejects the null 

hypothesis since the probability values are less than 0.05.  Based on the short run and long 

run results, the study submits that decarbonization of maritime transport has significant 

positive effect on port digitalization in Nigeria.  

 

Effect of Technological Innovations on Marine Tourism in Nigeria 

The short run and long run estimated coefficient of technological innovation (TECHIN) 

revealed it has positive effect on port digitalization (PORDIG) in Nigeria which is consistent 

with a priori expectation of the study. The results imply that a one percent improvement in 

technological innovation boost port digitalization by 0.2769 percent and 0.5905 percent in the 

short run and long run respectively suggesting that technological innovations lead to 

increased efficiency, reduced costs, and improved transparency in port operations which 

foster sustainable growth, enhance competitiveness, and drive the development of smart and 

resilient port ecosystems. This result is supported by OECD (2020) who highlighted that 

innovation is a key driver of smart port transformation, essential for efficiency and 

competitiveness. Additionally, the positive effect of technological innovation on port 

digitalization was found to be statistically significant in the short run and long run given the 

associated probability values of 0.0016 and 0.0217 respectively. Hence, the study rejects the 
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null hypothesis and submit that technological innovation has a positive and significant effect 

on port digitalization in Nigeria. 

 

CONCLUSION 

The findings underscore the pivotal role of green shipping practices in advancing Nigeria‘s 

port digitalization agenda. Among the practices, decarbonization of maritime transport 

emerges as the most influential, delivering immediate and sustained environmental benefits 

across the three-variables examined. Technological innovation and energy-efficient vessels 

also significantly contribute positively to the development of port digitalization in Nigeria. 

Green shipping practices in Nigeria are not just an environmental imperative but a strategic 

enabler for port digitalization.  

 

RECOMMENDATIONS 

Based on the empirical findings, the following policy recommendations have been made: 

1. Government should encourage the acquisition of energy-efficient vessels and 

decarbonization of maritime transport system to align with technological innovations 

development of the maritime sector.  

2. Also, regulatory frameworks should prioritize carbon reduction strategies, including 

stricter emission controls and incentives for low-carbon shipping practices. 

3. Government and maritime stakeholders should focus efforts on channeling and   

leveraging on digital solutions for port digitalization, operational efficiency, and 

workforce development. s.  
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