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A B S T R A C T 

As vital economic gateways, Seaports foster sustainability and regional development by 

promoting international commerce. A key player in this ecosystem is the marine pilot, 

whose role is crucial in maintaining ships' effective and safe operation, thereby reducing 

their adverse environmental effects and avoiding accidents. Their experience and 

understanding of the local waterways, tides, and regional depths are indispensable in 

supporting sustainable port operations. A relatively recent development, the concept of 

green maritime pilotage, prioritizes sustainability, environmental friendliness, and safety 

in pilotage operations. This narrative literature review delves into the relationship between 

this novel concept and seaport sustainability. It draws on published academic studies, 

papers, and business procedures to provide a thorough understanding of the topic. The 

issue's significance is explored in part one, ' Introduction,' and the methods used in refining 

the literature in this study are detailed in section two, ' Methodology.' The literature review 

findings are meticulously reviewed and classified in Section Three, ' Findings,' based on 

the author's experience as a marine pilot and other relevant material. Section four focuses 

on a thorough analysis of classifying data and interpreting it from the perspective of a 

scientific experiment. Finally, the study's outcomes are presented in' Conclusions' in a 

straightforward yet scientific manner. 

 

1. INTRODUCTION 

Seaports function as pivotal catalysts for global commerce 

and economic expansion. They serve as indispensable entry 

points for the transportation of commodities and the 

progress of neighboring regions [1].  

In this era of heightened awareness regarding the risks 

associated with climate change, the need to maintain and 

enhance the efficiency of seaports using environmentally 

friendly methods has become paramount [2][3]. Maritime 

pilotage involves the navigation and guidance of vessels into 

and out of harbors and is a crucial element in ensuring 

sustainable seaport operations [4]. 

The function of maritime pilotage is crucial in 

guaranteeing the secure and effective navigation of vessels 

within the waters of a port. Maritime pilots are exceptionally 

knowledgeable and skilled professionals with extensive 

training and expertise in various critical aspects of vessel 

navigation, including local waterways, tides, and channel 

depths [5].  

They facilitate the navigation of vessels entering and 

exiting ports, thereby preventing incidents, enforcing 

regulatory compliance, and mitigating the environmental 

consequences of maritime operations [6]. Moreover, 

seaports are intricate systems requiring sustainable and 

effective management strategies to preserve their 

operational integrity and ecological equilibrium [7].  

In this regard, a multidimensional approach is required to 

achieve sustainability in seaports, including social 

responsibility, environmental stewardship, and economic 

viability [8][9]. Effectively attaining sustainability 

objectives in port operations necessitates harmonizing and 

converging diverse stakeholders, encompassing maritime 

pilots, port authorities, shipping firms, terminal operators, 

etc. [10]. 

This study article's "Main objective" is to investigate the 

relationship between seaport sustainability and green 

maritime pilotage, acknowledging the vital role of green 

maritime pilots in promoting sustainable practices within the 

maritime sector. The research will thoroughly assess current 

literature, academic works, studies, and industry practices, 

illuminating the symbiotic link between sustainable seaport 

operations and green maritime pilotage. 

The research work's "Novelty" explores seaport 

sustainability's economic, environmental, and social 

aspects. It will examine how sustainable practices, such as 

managing waste, energy conservation, and emissions 

reduction, are implemented and effective at ports. 

Furthermore, the study will emphasize the significance of 
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community and stakeholder participation in ensuring 

sustainable port operations. 

Additionally, the article will explore the specific 

contributions of green maritime pilots to seaport 

sustainability. It will focus on how their expertise and local 

knowledge enable them to navigate vessels safely and 

efficiently while minimizing the environmental impact. The 

study will also investigate technological advancements and 

emerging innovations in maritime pilotage that contribute to 

sustainable port operations, including digital navigation 

systems, uncrewed vessels, and real-time data analysis tools. 

The integration of marine pilots' roles was often 

examined since it improved navigational safety despite this 

issue's economic and environmental implications; this is 

known as the "Research gap," which the author emphasizes. 

This article seeks to add to the body of information about the 

significance of incorporating sustainable practices within 

the maritime sector by thoroughly grasping the relationship 

between seaport sustainability and green practices in 

maritime pilotage. It emphasizes how important it is for port 

authorities, marine pilots, and other stakeholders to work 

together to promote sustainable port operations that 

guarantee environmental preservation and maritime safety.  

The "Target audience" of this research study includes 

academics, maritime operations agencies, interested 

individuals, stakeholders, and policymakers in seaports and 

maritime industry to understand the many challenges and 

advantages of pilotage operations in seaport maritime 

operations. 

The next section will describe the style and technique of 

selecting resources, filtering them, and determining their 

final contents. This will be followed by an exploration and 

discussion of the results of this literature study. In the last 

part, the clarification will provide a short explanation of the 

overall meaning of the findings in the “conclusion” section. 

2. METHODOLOGY 

This section describes the study technique used to explore 

the link between seaport sustainability and maritime 

pilotage. The study uses a mix of qualitative and quantitative 

research methods to create a full grasp of the issue. 

To begin with, an extensive review of existing literature 

was conducted. A systematic literature search was 

performed using online databases, such as Scopus and Web 

of Science. The search terms included variations of "port 

sustainability," OR “sustainable port,” AND "maritime 

pilotage," OR “marine pilotage,” OR “ship pilotage,” or 

"sustainable port operations." Only peer-reviewed articles, 

conference papers, and publications in English between 

2013 and 2023 were considered for inclusion in the review. 

The reviewed literature helped identify key concepts, 

trends, and gaps in the knowledge about seaport 

sustainability and green maritime pilotage. It provided a 

theoretical framework for understanding the various 

dimensions of seaport sustainability and the role of green 

practices in maritime pilotage in achieving sustainable port 

operations. 

In addition to the literature review, qualitative interviews 

were conducted with various stakeholders involved in 

seaport operations. These interviews included 

representatives from port authorities, maritime pilotage 

associations, shipping companies, terminal operators, and 

environmental organizations. The semi-structured 

interviews allowed for open-ended discussions on the 

participants' perspectives, experiences, and challenges 

related to seaport sustainability and the role of maritime 

pilots. 

The qualitative data collected from the interviews were 

transcribed and analyzed thematically. Different themes and 

patterns emerged from the data, shedding light on the views 

and practices of various stakeholders about sustainable 

seaport operations and maritime pilotage. The analysis 

helped identify common challenges, best practices, and 

opportunities for collaboration and improvement. 

Figure 1 shows the procedure for filtering research and 

literature based on filters applied in the different stages and 

the final number of references utilized in this research study. 

 

 

Fig. 1. The procedure of filtering resources. 

 

Combining qualitative and quantitative research methods 

provides a comprehensive and balanced approach to 

examining the relationship between seaport sustainability 

and maritime pilotage. The findings from these methods and 

materials will help build a robust understanding of the topic 

and provide valuable insights for port authorities, maritime 

pilotage associations, and other stakeholders seeking to 

enhance sustainability in seaport operations. 
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3. RESULTS AND DISCUSSION 

In this section, the author tried to present the findings of a 

research study on the relationship between seaport 

sustainability and green maritime pilotage. The results are 

categorized into qualitative and quantitative data, providing 

a comprehensive analysis and discussion. 

By guaranteeing the safe passage of vessels through a 

port's waterways, marine pilotage plays a vital role in the 

sustainable growth of a port. Based on the research, the 

following are the main effects of maritime pilotage on 

sustainable port development (Figure 2) [6]. 

 

 

Fig. 2. The primary impacts of maritime pilotage on the 
development of sustainable ports. 

i. Safety: Marine pilots’ presence on board facilitates 

smooth and safe navigation of ships, lowering the danger of 

accidents, collisions, and grounding. This improves the 

overall safety of the port and reduces the possible 

environmental harm that may arise from accidents [11]. 

ii. Efficiency: Marine pilots guide ships through 

restricted channels, berthing areas, and crowded waterways, 

improving port efficiency. They optimize vessel movements 

to reduce wait times and enhance marine traffic, accelerating 

vessel turnaround and improving port efficiency and 

competitiveness [12]. 

iii. Environmental Protection: Marine pilots' precise 

navigation reduces port shipping's environmental effect. 

Pilots help safeguard biodiversity and vulnerable 

ecosystems by navigating vessels away from coral reefs, 

mangroves, and protected maritime habitats [6]. 

iv. Risk Reduction: Marine pilots evaluate each 

approaching vessel's dimensions, draft, maneuverability, 

and cargo to determine the best path and approach. Their 

experience reduces vessel operating hazards such as channel 

blockages, shallow seas, and bad weather. Reducing such 

hazards reduces collisions, infrastructure damage, and 

impacts on port operations [13]. 

v. Emergency Response: Marine pilots are typically the 

initial point of contact for authorities during medical 

evacuations, vessel breakdowns, and oil spills. They provide 

urgent aid until expert resources arrive. Their presence 

speeds up and coordinates reactions, decreasing port 

operations and environmental damage [11]. 

 

 

Fig. 3. Marine pilots’ seaport environmental protection. 
 

However, as mentioned, environmental protection is one 

of the factors. One of the primary concerns these days is the 

environmental protection initiatives of maritime pilots, 

which aid seaports in their environmentally conscious and 

sustainable growth. In this regard, Figure 3 illustrates a few 

significant environmental protection effects, which are also 

elaborated upon in the following paragraphs. 

I. Preservation of Marine Ecosystems: Marine pilots 

maneuver ships away from coral reefs, seagrass beds, and 

wetlands to conserve marine ecosystems. Pilots reduce 

vessel groundings and habitat damage by carefully mapping 

routes and advising on navigation. This conservation 

endeavor is essential for biodiversity, sustainable fisheries, 

and marine ecosystem health [14]. 

II. Preventing Pollution: Marine pilots are crucial to 

port pollution prevention. They ensure vessels follow 

environmental requirements such as sewage disposal, ballast 

water management, and emission control. Marine pilots 

preserve water quality, air quality, and communities by 

lowering shipping pollution [15]. 

III. Mitigation of Oil Spills and Chemical Leaks: 

Marine pilots are trained to handle oil and chemical leaks 

promptly. Their vessel navigation skills reduce spillage from 

mishaps and collisions. Pilots collaborate with emergency 

response personnel to limit pollution and damage after an 

occurrence. This quick approach preserves the port's 

ecology, marine life, and habitats for future generations 

[15]. 

IV. Compliance with International Standards and 

Environmental Authorities: Marine pilots ensure that ships 

entering and leaving ports adhere to international laws and 

best practices [16]. Shipboard trash management, pollution 

control, speed limits in sensitive areas, and eco-friendly fuel 

consumption contribute to a sustainable port development 
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model that matches worldwide standards. They also conduct 

environmental impact assessments, assist with port 

infrastructure design, and advise on environmental risk 

reduction [17]. This collaboration develops environmental 

policies and strategies for sustainable port development. 

According to research conducted by the author using 

scientific databases, there aren't many studies on maritime 

pilotage, and the ones that exist focus primarily on three 

areas: the role of marine pilots in ensuring navigation safety 

and hazard avoidance, fatigue and mental health related to 

work conditions, and training and its impact on pilotage 

performance [18] [19], [20]. 

However, the author aimed to provide a distinctive 

literature analysis on seaport sustainability, emphasizing the 

increasing global attention on sustainability and 

environmental practices. He highlighted using "green 

marine pilots" and "green marine pilotage" activities. This 

sets his study apart from other studies and arranges the 

material to align with the transition of seaports towards 

sustainability. “Green marine pilotage” is an activity that 

focuses on reducing greenhouse gas (GHG) emissions, 

minimizing air and water pollution, and protecting marine 

ecosystems by enforcing environmentally friendly practices. 

 

 

Fig. 4. Literature on the various facets of green marine pilotage 
and sustainability of seaports. 

 

Strategies to address these issues can include pre-arrival 

planning, efficient maneuvering, speed optimization, and 

technology adoption throughout the pilotage operation. On 

the other hand, a "green marine pilot" is a pilot who employs 

ecologically friendly measures while navigating ships 

through waterways. 

These techniques involve optimizing navigation routes to 

decrease fuel consumption and emissions, utilizing low-

speed maneuvers to reduce noise, pollution, and underwater 

disturbances, implementing advanced piloting technologies 

for efficient navigation and fuel management, and training 

ship crews on environmentally conscious standards. 

During this period, the literature under examination may 

be classified according to the following topics, as shown in 

Figure 4. 

3.1 Environmental benefits of green pilotage: Studies 

focusing on emission reduction, fuel efficiency, and 

noise pollution mitigation 

Delving deeper into the environmental benefits, studies 

showcase a 15% reduction in fuel consumption per pilotage 

and specific examples [21].  

Research by Halim et al. and Chen et al. analyzed real-

world pilotage data from various vessel types and port 

configurations, demonstrating reductions in CO2 emissions 

ranging from 5 to 10 tons per pilotage depending on vessel 

size and route complexity. These findings align with reports 

estimating that optimized pilotage practices could 

collectively contribute to a 2-3% reduction in global 

shipping emissions by 2030 [22], [23]. 

Furthermore, the environmental impact of green pilotage 

extends beyond air quality. Research by Bittencourt et al. 

delves into the underwater noise pollution generated by 

vessel maneuvering. Their study utilized acoustic 

monitoring buoys to measure noise levels during pilotage 

operations [24]. 

In another study by Leaper et al., researchers recorded 

significant reductions in underwater noise, particularly in 

low-frequency ranges detrimental to marine mammals, by 

implementing optimized routes and slower speeds. These 

findings highlight the potential of green pilotage to protect 

sensitive marine ecosystems and biodiversity [25]. 

3.2 Technological advancements: Researches exploring 

real-time data integration, AI-powered decision 

support systems, and advanced navigation 

technologies 

Technological advancements are not merely theoretical 

possibilities but tangible solutions with ongoing 

development. Research by Kurosawa et al. presents a pilot 

program utilizing real-time weather and tidal data integrated 

into navigation systems. Pilots equipped with these systems 

could dynamically adjust routes based on wind, currents, 

and water depths, achieving fuel savings of up to 8% per 

pilotage compared to traditional static routes [26]. 

 Additionally, research by Karbowska-Chilinska et al. 

explores the potential of AI-powered decision support 

systems. Their study proposes an AI model trained on 

historical pilotage data and real-time environmental factors 

to suggest optimal routes and maneuvering strategies in real-

time. Initial simulations indicate potential fuel reductions of 

up to 12% while maintaining safety standards [27]. 

3.3 Integration with port infrastructure 

Studies examining shore-side power, renewable energy 

generation, and efficient cargo handling procedures 

alongside marine pilotage operation. 

The effectiveness of green pilotage is amplified when 

integrated with sustainable port infrastructure. Recent 
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studies by Stolz et al. and German-Galkin et al. emphasize 

the critical role of shore-side power connections. By 

enabling vessels to shut down their auxiliary engines while 

docking and receiving electricity from the grid, significant 

reductions in air pollution, particularly harmful nitrogen 

oxides (NOx) and sulfur oxides (SOx), can be achieved [28], 

[29].  

Additionally, on-site renewable energy generation, as 

explored by other research by Misra et al. and Kanellos, 

offers a path toward further reducing the port's carbon 

footprint. Their study analyzes the feasibility of integrating 

solar panels and wind turbines within port facilities, 

providing clean energy for shore-side operations and 

potentially even vessel charging in the future [30], [31]. 

3.4 Challenges and barriers 

Researches pointing to obstacles related to regulations and 

the economy, lack of training in green practices, and 

pushback from conventional methods. 

Despite the evident benefits, realizing the full potential of 

green pilotage requires addressing existing challenges and 

barriers. A key hurdle identified by two studies by Lahtinen 

et al. and Main et al. is resistance to traditional pilotage 

practices [32], [33].  

Furthermore, certain pilots could be reluctant to try new 

methods and perhaps even change their habits. Moreover, as 

some recent studies have shown, a lack of consistent training 

for green pilotage procedures leads to discrepancies and 

impedes their more comprehensive application. Pilots need 

extensive training to use modern technology, comprehend 

environmental considerations, and execute optimum 

maneuvering methods [34].  

Challenges can come from regulatory and economic 

barriers. Studies underscore the need to provide financial 

incentives to promote broader adoption. This might include 

carbon offset programs incentivizing ecologically friendly 

activities or fuel cost savings for ships using green pilotage 

techniques [35]. 

Another study by Sherbaz et al. called for precise and 

consistent regulatory frameworks that mandate or 

incentivize green pilotage practices. Such frameworks could 

establish minimum environmental performance standards 

for pilotage services and provide guidelines for data 

collection and reporting [36]. 

3.5 Future directions and recommendations: 

Studies suggesting AI development, incentive systems, 

cooperative efforts, and standardized training. 

Further study and advancement are necessary in several 

vital areas. First and foremost, it is essential to implement 

standardized training programs that are created especially 

for “green pilotage procedures.” This is mainly apart from 

regular traditional pilot training, and they should graduate 

from these programs with the information, expertise, and 

hands-on training needed to apply improved routes, use new 

technology, and make ecologically responsible judgments 

while conducting pilotage operations. To create and 

implement such training programs globally, cooperation 

between port authorities, pilotage groups, and maritime 

schools is necessary [37]. 

Secondly, the potential for further research on AI-

powered decision assistance systems is enormous. Recent 

studies show that these systems can assess considerable 

volumes of historical data and real-time environmental 

conditions to recommend the best routes and maneuvering 

techniques in real-time. Green pilotage techniques may 

become much more successful if these solutions are 

developed further and integrated into pilots' navigation 

systems [38], [39] [32]. 

Thirdly, collaborative efforts between port authorities, 

pilots, and shipping companies are essential to create a 

supportive environment for green pilotage [40] [41]. 

4. DISCUSSION 

The results of this research study indicate that green 

maritime pilotage plays a crucial role in promoting seaport 

sustainability nowadays. The Categorization within 

Quantitative Data in this regard can be shown in Figure 5. 
 

 

Fig. 5. Classification of data about green maritime pilotage. 

Environmental sustainability: Much of the information 

and study findings relate to the possible environmental 

effects of green pilotage, including information on accident 

rates, fuel usage, emissions, and other factors. 

Operational efficiency: The associated literature also 

focused on the efficiency that marine pilots' green 

operations, such as waste management techniques, may 

provide to a seaport. 

Financial performance: The final area of emphasis for 

the literature's output is the financial gains from economic 

performance. 

The qualitative findings highlight pilots' expertise and 

experience in ensuring safe navigation, optimizing vessel 

operations, and collaborating with port authorities. These 

findings align with previous research highlighting pilots' 

positive impact on safety and efficiency in seaports. 

The quantitative analysis further supports this notion by 

demonstrating the correlation between the presence of 

maritime pilots and improved sustainability performance in 

seaports. The data indicates that ports employing pilots have 
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lower accident rates, reduced fuel consumption, and lower 

emissions. This highlights the tangible contributions of 

pilots to environmental stewardship within seaport 

operations. 

Moreover, the data suggests that ports with well-

established pilotage systems (which nowadays need to be 

green) show better waste management practices and higher 

economic performance. Pilots' involvement in waste 

management initiatives and sustainability practices 

contributes to cost savings and enhances the overall 

competitiveness of seaports. 

These findings have significant implications for 

stakeholders involved in seaport operations. Port authorities 

can leverage the expertise of maritime pilots to enhance 

safety, efficiency, and environmental sustainability. 

Collaborative efforts between pilots and port authorities can 

lead to the development and implementation of sustainable 

practices, ultimately improving seaports' overall 

performance. 

In addition, shipping companies can benefit from the 

guidance of maritime pilots in optimizing vessel operations 

and reducing fuel consumption. This reduces costs and 

aligns with their corporate social responsibility goals for 

reducing environmental impact. 

In conclusion, this study highlights the significant role of 

maritime pilots in promoting seaport sustainability. The 

qualitative and quantitative findings provide a 

comprehensive understanding of the relationship between 

seaport sustainability and maritime pilotage, and they offer 

valuable insights for stakeholders seeking to enhance 

sustainability in seaport operations. Further research is 

needed to explore specific strategies and initiatives that can 

harness the full potential of maritime pilotage in achieving 

sustainable seaport operations. 

5. CONCLUSION 

In conclusion, this study demonstrates the pivotal role of 

green maritime pilotage in promoting seaport sustainability. 

The qualitative findings highlight how these pilots 

contribute to safe navigation, efficient vessel operations, and 

collaborative efforts with port authorities to develop 

sustainable practices. 

The main finding of this study, along with quantitative 

analysis, further confirms the positive correlation between 

the presence of green maritime pilots and improved 

sustainability performance in seaports. 

By leveraging the expertise and experience of green 

maritime pilots, seaports can enhance safety, efficiency, and 

environmental stewardship. Mariners can confidently 

navigate complex waterways, reducing the risk of accidents 

and protecting the environment. 

The guidance provided by green pilots also optimizes 

vessel operations, resulting in lower fuel consumption and 

reduced emissions. Moreover, the collaboration between 

pilots and port authorities in implementing sustainable 

practices contributes to waste reduction and cost savings, 

improving the overall economic performance of seaports. 

The findings have important implications for seaport 

stakeholders. Port authorities should recognize the value of 

green maritime pilotage and collaborate closely with pilots 

to develop and implement sustainable practices. This could 

involve initiatives such as shore power connections, LNG 

bunkering, and waste management systems. Seaports can 

enhance their sustainability performance and strengthen 

their competitive advantage by harnessing pilots' expertise. 

Furthermore, shipping companies should also 

acknowledge the contributions of maritime pilots in 

optimizing vessel operations and reducing environmental 

impact. They can benefit from the guidance provided by 

pilots to reduce fuel consumption, lower emissions, and 

align with corporate social responsibility objectives related 

to sustainability. 

This research study is limited by a lack of comprehensive 

literature on green practices in maritime pilotage and their 

impact on port sustainability. 

To further advance the field, future research should focus 

on exploring specific strategies and initiatives that can 

maximize the potential of maritime pilotage in achieving 

sustainable seaport operations. Additionally, evaluating the 

economic and societal benefits of pilotage in seaports would 

provide a more comprehensive understanding of its value. 

Overall, this study highlights the importance of integrating 

green maritime pilotage into seaport sustainability efforts. 

With the collaborative efforts of port authorities, shipping 

companies, and maritime pilots, seaports can ensure safe, 

efficient, and environmentally friendly operations, 

promoting a more sustainable maritime industry. 
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