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ABSTRACT

IMPACT OF INNOVATION IN INFRASTRUCTURE & EFFICIENT
CARGO HANDLING SYSTEM IN LIGHTERAGE PORTS

Mitesh Lal
2026

Dissertation Chair; <Chair’s Name>

Co-Chair: <If applicable. Co-Chair’s Name>

Lighterage ports play an important role in the maritime logistics, particularly in regions with
draft limitations. With the increased internationalization of trade, ports are required to
modernize by new infrastructure and improved cargo-handling systems. This increases
performance, productivity and sustainability. This study analyzed the impacts of
infrastructure innovation, as well as an effective cargo-handling system on the performance
of the lighterage ports. It was concerned with the operational efficiency, productivity, cost-
efficiency, and environmental sustainability. The study adopted method was quantitative in
nature where we collected primary data in the form of structured questionnaires among 100
respondents who were associated with the lighterage port and cargo handling. The study
design was for descriptive and analytical research where Pearson correlation and regression
analysis in SPSS was used to test the hypotheses and analyze the relationships among
variables. Result findings indicate that innovation in infrastructure is quite beneficial in terms
of operational and cost efficiency. Productivity also has a moderate correlation with cargo-
handling efficiency (r=0.482). Regression analysis shows that the two innovation points
(infrastructure and cargo-handling systems) have a significant effect on cost efficiency and
the environment sustainability (p < 0.05). The conclusion shows that the continued
investment in the development and the modernization of the infrastructure and the
implementation of the latest technologies related to cargo-handling is a significant boost to

the overall performance of the lighterage ports. The upgrades enhance the efficiency of the

\%



operations and economy and facilitate the development of sustainable and environment-

friendly port operations.

Keywords: Lighterage Ports, Infrastructure Innovation, Cargo Handling Efficiency,

Operational Efficiency, Productivity, Cost Efficiency, Environmental Sustainability
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CHAPTER 1

INTRODUCTION

The maritime transport industry is particularly essential to the world economy since it lets
goods travel across enormous areas and lets countries trade with each other. Ports are highly
crucial to this system because they connect land and sea traffic and make sure that
commodities get where they need to go swiftly and efficiently. They also help the economy
flourish at both the national and regional levels by making it easier to import and export
goods, creating jobs, and boosting industrial expansion. As globalization grows, it is
becoming more and more important to have better ports, better infrastructure, and newer

technologies(Kennedy, 2021).

In the previous few decades, trade liberalization, fast industrial growth, and ongoing
advancements in transportation and communication technology have all revolutionized how
global trade works. Because of these changes, the amount of cargo has grown a lot, which has
put a lot of stress on port systems to improve their capacity and performance. To be
competitive and fulfill the changing needs of complicated global supply chains, ports must
come up with new ways to build infrastructure and handle cargo (Wan, Z., Nie, A., Chen, J.,

Pang, C., & Zhou, 2025).

In this setting, the idea of innovation has become a major force behind changes in how ports
work. Infrastructure innovation is more than just building new terminals, berths, and storage
places. It also means adding new technology that make things work better, more reliably, and
in a way that is better for the environment. At the same time, new technology for handling
cargo, like as automation, mechanization, and digital systems, have made cargo operations
much faster, more accurate, and safer. This has cut down on delays, lowered costs, and
improved the quality of service overall(Lynch, K. F., DeCicco, A., Bennett, B. E., & Drew,
2021).

These improvements have helped big, well-established seaports a lot, but smaller, more
specialized port systems, especially lightener ports, still have their own problems. These ports

have to deal with problems like shallow water, not enough infrastructure, and reliance on
1



temporary cargo transfer methods. Even with these problems, lighterage ports are
nevertheless very important for trade in many parts of the world, especially in coastal areas,
developing areas, and places where building deep-water ports is not possible(Densberger, N.

L., & Bachkar, 2022).

As global logistics networks get more complicated and there is more focus on efficiency,
resilience, and sustainability, it is becoming clearer that lighterage port operations need to be
updated. Combining cutting-edge infrastructure with effective cargo handling technology
might greatly increase operational performance, cut down on delays, and make it easier for
different phases of cargo movement to work together. These kinds of changes can also help
the marine industry save money, use resources more effectively, and become more

competitive.

This chapter gives a full picture of the study by talking about the background, important ideas,
and research backdrop connected to lighterage ports, new infrastructure, and techniques for
moving cargo quickly. It also lays out the problem statement, research goals, scope, and
importance of the study, which sets the stage for the next chapters and guides the research as

a whole(Blazich, 2021).
1.1 Background of the Study

Traditionally ports have played a central role in international trade and economic integration
serving as important points of contact between the sea and land transport networks. They ease
the smooth flow of goods, services and resources between the national and regional
boundaries hence playing significant roles in the economic growth and development of the
world. The strategic value of ports has significantly escalated with the growth of
globalization, rise of industrialization as well as the complexity of the global supply chain.
Moreover, ports cease to be regarded merely as a way of passage and are also regarded as
active economic spaces, which stimulate employment, industrialization of the area, and its

development(Aiman, 2025).

Ports are central in augmenting the competitiveness in trade by increasing the logistics
performance and lowering the cost of transport in the modern global economy. A well-

managed port operation has a direct impact on the reliability in the supply chain which is a



major concern to industries where the entry and finished products are critical in terms of
prompt delivery. Consequently, the efficiency of ports has turned out to be a major
determinant of the economic efficiency and positioning of a nation in the global trade(Dahm,

2021).
1.1.1. Development of the Marine trade and the Port systems

The development of maritime transport has had a tremendous impact on the design,
operational performance and competitiveness of port systems globally. In the early times,
ports were mainly manual and had primitive methods of cargo handling that were subject to
time wastage, labor wastage and susceptibility to inefficiencies. Cargo processing was done
by a break-bulk process whereby goods were loaded and unloaded separately, thus causing

delay and increase in cost, and risks of damage and loss.

The introduction of containerization in the mid 20th century brought about a significant
change as it transformed the way shipping and ports are carried out in the world. The
containerization process has made it possible to standardize the cargo units, making the
loading and unloading operations faster, it has lowered the cost of handling, and enhanced
security of the cargo. The result of this shift was not only increased efficiency of ports, but
also formed the basis of the evolution of intermodal transportation systems, which unified sea,
rail, and road transportation systems into a single logistics structure(Twrdy, E., & Zanne,

2020).
The invention of new technology in Port Operations.

In the last few decades, improved technology including automation, digitalization and
creation of smart port systems have further revolutionized the port operations. AGVs, robotic
cranes, and real-time tracking of cargo technologies have greatly enhanced operational
accuracy and minimized human interventions. Demand forecasting, berth allocation, and
traffic management are all being automated through artificial intelligence and data analytics

so that ports can optimize the use of the available resources.

Besides, digital platforms and port community systems (PCS) have facilitated information
exchange among stakeholders by enhancing coordination and minimizing administration

delays. These advancements have seen ports turning into smart logistic centers that can

3



process large cargo volumes with high efficiency and being of high service quality(Hawkins,

2022).
1.1.2 Lighterage Ports and their Emergence and Significance

In this dynamic maritime environment, the category of lighterage ports in the whole port
system is unique and has a strategic value. In contrast to traditional deep-water ports, where
vessels with large capacities are able to dock directly at the berths, lighterage ports involve a
different process where cargo is transported by smaller ones (barges or lighters). These
vessels serve as intermediaries, that is, conducting passenger and/or cargo between offshore

and onshore handling facilities.
Lighterage Port Characteristics Operated

The concept of lighterage is especially applicable in areas where either natural or economic
factors restrain the process of building deep-water ports. The nature of the shallow coastlines,
sedimentation problems and the excessive dredging expenses usually lead to the infeasibility
of allowing large vessels to be anchored at the port terminals. The alternative in such cases to

ensure trade connectivity is through lighterage systems(Bendera, 2024).

Moreover, lighterage ports do not need a lot of capital investment like the fully developed
seaports do and therefore can be useful to the developing economies. They can accommodate
different cargo types and cargo volumes hence facilitating different trade activities due to

their adaptability.
1.1.3 Lighterage Systems Historical Development.

In the past, the lighterage system has been an important aspect in the promotion of maritime
commerce and logistics in various geographical locations and time. Lighterage was widely
employed during the colonial period when port infrastructure was not well developed in most
regions of the world to move products between large ocean vessels and inland market. These
systems facilitated the development of trade even in locations which did not have formal port

facilities.

Besides commercial use, lighterage systems also played an important role in military logistics.

In war times, especially amphibious operations, the capability to move the cargo and
4



equipment between ships and land without having to use the developed infrastructure of ports
was also of strategic value. Lighterage ships had the freedom and capability to ensure that
under adverse conditions, such operations were made possible(N. Mohan, S., Ragul, D., &

Sudharson, 2024).

The fact that lighterage systems are still used today shows that they are flexible and persistent

in various working conditions.
1.1.4 Modern-day Applicability of Lighterage Ports

Lighterage ports are still very relevant today especially in the developing economies and
geographically challenged areas. These ports are critical facilitators of trade in those regions
where full scale port infrastructure is financially infeasible or may cause some environmental

constraints.
Role in Regional and Inclusive Development

In its turn, lighterage ports can assist in the development of the area because it is possible to
unite remote and underdeveloped regions with the world market through the ports. They
allow domestic industries and local producers to enter international markets hence fostering
inclusive growth of the economy. Such ports in most instances are lifelines to the economies

and communities of the islands and the coast (Joseph-Harris, 2020b).
Economic and Environmental Benefits

Lighterage ports also have a relatively less harmful impact on the environment, which is
another crucial factor. They conserve the coastal ecosystems since they minimize dredging
and massive construction works. They are cost effective in the sense that they provide
solutions to cargo handling particularly in areas with limited finances (M. R. Rahman, H.,

Dipto, S. S., & Islam, 2023).
1.1.5 Problems with The Traditional Lighterage Port Operations.

Traditional lighterage port systems have several operational risks in the modern global trade
in spite of their merits. The growing amount of cargo and the escalating need of efficiency

have revealed the shortcomings in the traditional lighterage activities.
5



Some of the major challenges are delays in cargo transfer, non-synchronisation between
offshore and onshore operations, and a greater reliance on weather conditions. The fact that a
lot of operations are manual is also contributing to the inefficiencies and the possibility of

human error (Addy, E., & Ansong, 2024).
Infrastructure and Connection limitation.

The problem with many of the lighterage ports is that they have poor infrastructure such as
lack of storage facility, lack of handling equipment, and connectivity with the internal
transport networks. These restrictions lead to bottlenecks which slow down the flow of cargo

and lowers the overall efficiency of the operations.
1.1.6 Innovation role in Infrastructure Development

In order to address these issues, integration of new infrastructure has become inevitable.
Contemporary port infrastructure is not just about the physical facilities but also incorporates

digital and technological elements that would make the operation more efficient.

The use of automated cargo handling systems, intelligent scheduling systems, and
sophisticated monitoring technologies can also ensure that the performance of the port is
significantly enhanced. Internet of Things (IoT) gadgets permit tracking cargo and equipment

in real-time, whereas artificial intelligence can be used to streamline decision-making.

The technology of blockchain also has potential advantages, as it enhances transparency and
documentation and transaction security. All these inventions are aimed at creation of the

more efficient, reliable, and sustainable port systems (Powell, 2022).
1.1.7 Significance of Efficient Cargo Handling Systems

The effective cargo handling systems are an essential part of the contemporary port
functioning. The efficiency of handling systems is even greater in the case of lighterage ports

where cargo is transferred several times between vessels and shore.

Mechanized and automated equipment can also be introduced which includes conveyor belts,

mobile cranes, and bulk handling equipment which can greatly cut the handling time and



increase the accuracy of the operation. The systems also contribute to the safety as they

reduce manual intervention and the accidents risk.
Logistics Systems Integration

Effective cargo management is directly connected with a general logistics management. The
coordination and minimization of delays can be enhanced by integrated systems which can be
used to link port operations with the transportation networks and supply chain stakeholders.
This integration will lead to the smooth movement of cargo between the origin and the

destination, which will make the entire supply chain work better (Masuruli, 2020).
1.1.8 Need for the Present Study

With the growing pressure of the global trade, and the constraints in the traditional lighterage
port systems, there is an urgent need to explore how innovation in infrastructure and efficient

cargo handling systems affects the performance of ports.

Although there is a significant amount of research done on big seaports and container
terminals, the lighterage ports have been somewhat overlooked, especially in the backdrop of
technological innovation and modernization. This knowledge gap in the literature shows that
there is no specific research on how these ports can fit in the dynamic changes in trade

(Akhavan, 2020a).
Research Justification

This paper will seek to fill this gap by examining how innovative infrastructure and advanced
cargo handling systems enhance efficiency, competitiveness and sustainability of lighterage
ports. The results of this study will have an informative contribution to the policymakers, port

authorities, and industry stakeholders in building stronger and future-proof port systems.
1.2 Port Infrastructure innovation

The modern maritime industry has seen innovation in port infrastructure as a key factor of
port competitiveness, operational efficiency as well as long term sustainability. The
traditional levels of port development were mostly related to the physical growth, which

involved the building of berths, terminals, storage facilities, and navigation paths. But in the
7



modern globalized world, innovation of infrastructure goes well beyond the physical growth
of the infrastructure to also encompass digitalization, smart systems, and environmental

friendliness and unified logistic systems (Ong, W. L., & Lee, 2024).

The fast development of international trade, the growth of the size of vessels, and the need to
order faster and more efficient logistics delivery have greatly changed the requirements
expressed by port systems. Ports must now apply to be extremely efficient and
technologically advanced, whilst also becoming responsible in relation to the environment.
Infrastructure innovation in this case is one of the enablers to improving port performance,
minimize operational inefficiencies, and guarantee resilience in the long term (Ping-Fat,

2021).
1.2.1 Port Infrastructure Innovation Conceptual Framework.

The concept of port infrastructure innovation can be represented with the help of
multidimensional approach to the implementation of advanced technologies, modern design
principles, and effective management practices to improve the port operational mechanisms.
It is not a case associated with physical assets but also involves immaterial components like
knowledge systems, digital platforms, and governance mechanisms (Rathi, A., Singh, A. P.,

& Narayanaswami, 2020).
Basic Elements of Infrastructure Innovation.

The framework of port infrastructure innovation may be divided into the following basic

elements:

e Physical Modernization - The modernization of port facilities to accept more large
vessels and large volumes of cargo.

e Technological integration - Incorporation of highly sophisticated digital tools and
automation systems.

e Plan 7 Process Optimization -Reducing delays and minimizing inefficiencies in the
processes.

o Sustainability Measures -Use of green technologies and practices.



These elements all help to enhance the capacity to operate, reliability, and competitiveness of

port systems.
1.2.2 Digital Infrastructure and Transformation in Technology.

Digital technologies have brought the most important aspect of infrastructure innovation.
Digital infrastructure has fundamentally altered the operation of ports as real-time
communication, data-driven decision-making, and better coordination of stakeholders

becomes a reality (Zhu, J., Zhang, C., Yuan, J., Pan, W., Xue, J., & Lou, 2025).
Role of Data and Analytics

The modern port is highly dependent on big data analytics to track and streamline the
operations. Information obtained with the help of different devices, such as sensors,
surveillance systems, and logistics systems, is processed to enhance planning and resource
distribution. Predictive analytics are used to predict the volumes of cargo, possible

bottlenecks, and berth allocation optimization (Ye, S., & Jiang, 2021).
Automation and Intelligent Systems

Another major innovative power in the port infrastructure is automation. Automated crane,
autonomous vehicles and robotic handling systems decrease dependence on human labor and
enhance precision in operations. Repetitive tasks that are handled with the intelligent systems
may be done more efficiently and more accurately hence cost reduction and productivity

increase in operations (Sjostedt, 2025).
Cyber-Physical Systems and Connections

The communication and coordination between digital networks and physical infrastructure
becomes seamless with the integration of cyber-physical systems in which physical
infrastructure is interconnected with digital networks. The IoT and other technologies allow
monitoring equipment, cargo, and environmental conditions in real-time, which contributes to

better operational control (Farshidnejad, M., Javanmard, H., & Abutalebpur, 2022a).

1.2.3 Smart Ports: A Paradigm Shift



The concept of smart ports represents a paradigm shift in the development and management
of port infrastructure. Smart ports utilize advanced technologies to create an interconnected
ecosystem where all components of the port system operate in a coordinated and efficient

manner (Delgado, J. P., Brennan, M. L., Church, R. A., & Warren, 2023).
Characteristics of Smart Ports

Smart ports are characterized by:

e High levels of automation and digitalization
e Real-time information exchange among stakeholders
e Integration of logistics and supply chain systems

e Use of advanced analytics for decision-making
Operational Benefits

The implementation of smart port technologies leads to significant improvements in
operational efficiency. It reduces vessel turnaround time, enhances cargo handling speed, and
minimizes congestion within port areas. Additionally, it improves transparency and
accountability in port operations, which is essential for building trust among stakeholders

(Jones, 2022).
1.2.4 Sustainable and Green Infrastructure Development

Due to growing environmental anxieties and regulatory demands, sustainability has taken
centre stage in innovation in port infrastructure. Ports are significant sources of
environmental pollution, and an increasing point of view is that they should use sustainable

practices that have less impact on the environment.
Integration of Energy Efficiency and Renewable

Renewable energy sources like solar power and wind power are some of the renewable
energy sources that are being embraced as a means to power modern ports. The use of
energy-efficient equipment and infrastructure will minimize energy use and the cost of

operation and help in protecting the environment (Saupin, 2020).



The Price of vice-versa is known as Emission Reduction Strategies

Employment of cleaner fuels, electrification of cargo handling machines and installation of
shore power systems which enable vessels to turn off their engines when at the dock are some
of the efforts made to reduce the emissions. These policies minimize pollution of air and

greenhouse gases to a great extent.
Sustainable Building and Construction

Sustainable design is also a part of infrastructure innovation, including the usage of
environmentally friendly materials, proper land use, and management of marine ecosystems.
These are the practices, which make sure that the surrounding environment will not be
negatively affected by the development of the ports (Zhu, F. S., Yuan, Z. M., Wu, D. F., &
Zhang, 2025).

1.2.5 Economic implication of infrastructure Innovation

Port infrastructure innovation has enormous economic effects on both micro- and macro-
levels. With efficient port systems, the cost of logistics is decreased, there is increased

efficiency of trade as well as the competitiveness of industries.
Trade Facilitation and Competitiveness

Better infrastructure facilitates quicker conveyance of products, less waiting time and better
supply chain dependability. This, in its turn, makes the international trade easier and makes a

country stronger in the global market (Castillo Hidalgo, 2023).
Regional Development and Employment

Ports also serve as agents of regional development, bringing in investments, creating job-
related opportunities, and the associated industries like logistics, manufacturing, and
warehousing. These benefits are also further enhanced by infrastructure innovation which

enhances efficiency in operations and increases capacity(Dahm, J. M., & Shugart, 2025).

1.2.6 Government, Policy and institutional support role



Institutional frameworks and government policies are very instrumental in facilitating
infrastructure innovation in ports. Successful implementation of innovative solutions requires

public investment, provision of regulatory support, and strategic planning.
Public-Private Partnerships (PPP)

PPP has come out as one of the effective mechanisms used in the financing and management
of the port infrastructure projects. Such partnerships are bringing together the resources and
skills of the two industries and this is allowing the creation of sophisticated infrastructure

systems(Abdulkadir, A. B., & Mashood, 2021).
Regulatory and Policy Frameworks

Incentives to adopt green technologies and research and development funding are some of the
supportive policies that drive innovation in port infrastructure. Governments also contribute
to the setting of the standards and the regulation that are safety-assuring, efficient, and

environmental-compliant.
1.2.7 Hinterland Connectedness and integrated logistics Systems

The port infrastructure is interconnected with its hinterland regions, and this close
relationship can only be associated with its efficiency. Innovative infrastructure development
entails incorporation of ports in multimodal transport systems, which guarantee smooth

passage of cargo.
Multimodal Transport Integration

The combination of road, rail and inland waterways increases effectiveness of transportation
of cargo and minimizes congestion at ports. This connectivity is crucial in the movement of

goods and delivery on time(Iwhiwhu, 2020).
Logistics Hubs Development

The introduction of the logistics hubs, dry ports, and inland container depots expands the
coverage of the port activity and enhances the distribution of cargo. Such facilities allow to
manage the supply chain effectively and also ease the strain on port infrastructure.
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1.2.8 Lighterage Port Infrastructure Innovation Constraints

Lighterage ports have distinct challenges to port infrastructure progress globally and can

barely implement innovative solutions.
Financial Limitations

Availability of funding is limited and therefore ports with lighterage have reduced
possibilities of investing in advanced infrastructure and technologies. A huge obstacle is high

costs of capital of modernization.
Technological Gaps

The inability to use the newest technologies and expert staff is a disadvantage of the
implementation of new systems. This leads to the further use of outdated and less efficient

approaches.
Operational Constraints

Weather dependency, multiple cargo handling phases and the problem of coordination also
add pressure on the operations in the lighterage ports and make it more difficult to introduce

innovation(Y1ldirim, 2023).
1.2.9 Innovation Strategic Significance to Lighterage Ports

Considering these challenges, it makes lighterage ports not only have a choice but also a need
to be innovative. The use of low cost and scalable solutions can be very effective in

improving their operational effectiveness and competitiveness.
Context-Specific and Adaptive Innovation

As opposed to the large seaports, the lighterage ports need their own solution, which is
sensitive to their inherent limitations and working conditions. Small innovations like semi-
automation and better scheduling systems can provide high levels of benefit without huge

investments.



Future Outlook

The success of lighterage ports to incorporate new infrastructure and effective systems in the
future is their future. These ports can have a greater role to play in international trade and
lead to sustainable economic growth with proper policy support, investment, and adoption of

technology(Kiobya, 2024).

1.3 Efficient Cargo Handling Systems

Handling of cargo is one of the most sensitive operations in any port system since it has a
direct impact on the turnaround time of the vessels, efficiency of operation, cost-effectiveness
and quality of services. The speed and safety with which goods can be transported across
various modes of transport are based on the efficiency of aircrafts cargo handling processes,
hence the overall performance of the supply chain. As the world trade becomes more
competitive, ports need to streamline their cargo handling systems to satisfy the need of

speed, reliability and cost efficiency(Heavey, 2021).

Within the framework of ports of lighterage, the role of cargo management becomes even
more important since the process of work is complex in nature. Whereas in conventional
ports, cargo is moved directly between large ships and shoreside facilities, lighterage ports
include several steps: the large vessels are moved to smaller vessels or lighters and then to
onshore storage or transport networks. This many-stage cycle makes the delays, cargo and
operational inefficiencies much more likely, which is why the effectiveness of handling

systems is especially important(Velkar, 2023).
1.3.1 Cargo Handling in the Lighterage Ports Nature and Complexity

The operational structure of cargo handling in the lighterage port is multi layered, and thus it
requires coordination between the offshore and onshore operations. It is usually done through
unloading cargo in mother vessels anchored at sea, then loading it to intermediate vessels

then finally offloading it to port facilities(Wang, 2022).

Multi-stage Handling Process



The time, cost, and risk of cargo transfer are added to each phase of cargo transfer. Handling
points are many and thus, there is higher chances of bottlenecks in the operations and the
likelihood of this happening is greater when there are no effective coordination

mechanisms(Stitt, 2023).
Addiction to External Events

The weather conditions, tidal variability, and sea currents are some of the external factors that
control the operation in light areas of handling cargo. These may cause the disruption of the
operations and delays and it is one more argument in favor of efficient and adaptive handling

systems(A. Naha, A., Nandy, D., & Al-Mamun, 2025).
1.3.2 Cargo Handling Systems Development

The history of cargo handling systems development has been dramatically transformed by the

history of the development of the maritime trade and logistics as a whole.
Conventional Cargo Handling Procedures

In the past, cargo handling used to be done intensively using manual labor and simple
mechanized tools. The use of break-bulk cargo handling entailed loading and offloading of
separate items, which were tedious, ineffective, and time-consuming(Ghosh, M., Huzeyfe, T.,

Amrit, C., Kuiper, A., van Capelleveen, G., & de Jongh, 2025).
Mechanization was introduced

The incorporation of mechanized equipment e.g. cranes, forklifts, and conveyor systems was
a great boost to the efficiency of cargo handling. Mechanization cut back on manual labor,

enhanced speed and enhanced safety in port operations.
Impact of Containerization

Containerization brought a new revolution to the cargo handling practice by establishing the
use of standard units in transportation. Containers helped in the ease of handling and
minimized damage of cargo and also made loading and offloading of cargo faster. This
innovation enhanced a lot of efficiency and reliability in global supply chains(Usher, 2024).
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1.3.3 Cargo Handling Technologies of the Modern Days

The recent years have seen the further development of the cargo handling systems due to the

development of the technology that makes them more efficient, reliable, and adaptable.
Automation and Robotics

Automation has emerged as a major aspect of the present cargo handling. Cranes, robotic
handling equipment, and autonomous vehicles are becoming more and more automated to
carry out highly repetitive and precise and consistent tasks. Such technologies minimize the
human error, enhance productivity and decrease the operation costs(Prothi, A., Mohankumar,

V., & Jha, 2024).
ADSS Advanced Scheduling and Optimization Systems

Effective time scheduling systems are very important in reducing time wastage and
congestion. Truck appointment systems, berth scheduling tools, and simulation-based
optimization models are some of the technologies, which assist in the management of traffic

flow and resource allocation(Hasan, A. M., Chowdhury, M. M. A., & Islam, 2025).
Use of Smart Equipment

The real-time performance of cargo and equipment can be tracked with the help of smart
equipment used in the monitoring system which has sensors and monitors attached to it. This
improves visibility of the operations and enables intervention in time in event of

disruptions(Barram, 2020).
1.3.4 Digitalization in Cargo Handling

Digitalization has become one of the agents of change in the cargo handling processes, as it

has allowed handling operations to become more efficient, transparent, and coordinated.
Single-Window Systems Electronic Data Interchange (EDI)

The introduction of electronic data interchange systems makes it possible to exchange

information between the stakeholders easily without paper reports and administrative delays.
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Single-window platforms also enhance efficiency in the process by giving out one interface

through which documentation and approvals can be made(Constantin, 2023).

Real-Time Tracking and Monitoring

The digital tracking technologies also allow real-time monitoring of the cargo movement and
offers the correct information about the location, status, and estimated delivery time. This

will enhance customer satisfaction and decision making(Yese, 2020).

Information Systems Integration

Introduction of port operations onto the logistics and supply chain management systems,
helps to improve the coordination of various stakeholders, such as shipping companies, ports,

customs agencies, and transport operators(Densberger, N. L., & Bachkar, 2022).

1.3.5 Optimization of Operational Efficiency and Performance

Cargo handling systems are also effective in the overall port operations.

The decrease of Turnaround Time

Enhanced handling procedures help in lessening the duration needed to load and off load

cargo and it helps to lessen the vessel turnaround time and boosts the port throughput.

Cost Efficiency

Process optimization and automation lower labor expenses, eliminate delays, and increase the

use of resources, which translates into cost savings.

Minimization of Congestion

Effective handling systems assist in controlling the traffic flow in the port and eliminate

congestion and inefficient operations (Awwalin, R., Nugroho, S., & Achmadi, 2021).

1.3.6 Sailing Cargo: Consideration of Safety

Cargo handling is a dangerous operation, especially in the complicated setting of lighterage

ports.



Cargo Handling Risk Factor

The multi-stage handling process predisposes the accident, cargo damages, and equipment
breakages. Lack of proper coordination in operations and insufficiency in safety can result

into severe disruptions in operations(Afolabi, E. O., Akinola, A. S., & Ayokunle, no date).

Safety Enhancement Measures

Risks can be minimized by the adoption of new technologies, appropriate training of staff
members, and the application of safety measures. Automated systems are also associated with
safety because it reduces human participation in dangerous activities(N. Mohan, S., Ragul, D.,

& Sudharson, 2024).

1.3.7 Environmental Effects of Cargo Handling Systems

Cargo handling operations have taken environmental sustainability into consideration.

Emission Reduction Energy Efficiency

Reduction of the environmental impact of the cargo handling operations is achieved through
the use of low-energy consuming equipment and the implementation of the zero-emission

technologies(Wide, P., Kalahasthi, L., & Roso, 2023).

Green Practices of Handling

Sustainable port development is achieved through environmental friendly operations like

waste reduction, lowering noise emission and spillage of toxic substances(Bendera, 2024).

1.3.8 Problems in Cargo Handling at Lighterage Ports

In spite of the current technological progress, lighterage ports are characterised by some

challenges when it comes to the establishment of efficient cargo handling systems.

Infrastructure Limitations

Lack of proper infrastructure such as storage facilities and equipment that are not up to date

limits the effectiveness of the cargo handling operations(Kah, 2022)v.



Communication Problems and Coordination

Many stakeholders usually cause coordination issues and this also causes delays and

inefficiencies(M. R. Rahman, H., Dipto, S. S., & Islam, 2023).
Financial and Technological limitations

Financial constraints and unavailability of state-of-the-art technologies are some of the

limitations to the use of modern cargo handling systems(Y1ldirim, 2023).
1.3.9 Requirement of the efficient cargo handling in the Lighterage Ports

Considering the problems that are linked to the conventional approaches in handling, there is

high demand to introduce effective cargo handling systems in the lighterage ports.
Improving Competitiveness

The lighterage ports can compete with the larger ports, through efficient handling systems

that enhance better service and lower the cost of operation(King, 2020).
Improving the Supply Chain Integration

The enhanced handling operations mean that there would be better integration with the global

supply chains so that delivery would be timely and reliable(Adams, 2021).
Future Prospects

The future of the cargo handling within the lighterage ports will be the implementation of the
new and cost-efficient and scalable solutions, able to overcome the current limitations and

improve operational performance(Azab, A., Karam, A., & Eltawil, 2020).
1.4 Lighterage Ports in the Contemporary Context

Lighterage ports still remain critical in the service of regional and international trade
especially in those regions that have been faced by geographical and infrastructural barriers.
The ports act as key entry points to the maritime transport of the areas where deep-water port

development is either technically demanding or economical. Lighterage ports in developing
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countries, island economies, and coastal areas that have low water depths are a critical way of

sustaining the trade connectivity and transportation of goods(Emilciuc, 2023).

The importance of the lighterage ports in the modern global trading world has not gone out of
place and instead it has adjusted to the ongoing economic, technological and logistical forces.
As global supply chains continue to grow and as more importance is placed on efficiency and
speed, the new standards and performance requirements of lighterage ports emerge. They are
slowly becoming more of a part of the current logistics rather than the old models of the

traditional cargo transfer point(Fajemirokun, 2025).

Moreover, the rising significance of regional trade agreements, inter-country trade and
decentralized production systems has augmented the need to have adaptable and accessible
port infrastructure. Lighterage ports have certain benefits in this respect because they are
flexible and their capital equipment is not very high. Nevertheless, they remain relevant
provided they are able to modernize and keep abreast with modern day logistics(Sutton, J., &

Walker, 2020).
1.4.1 Strategic Importance of Lighterage Ports

The lighterage ports are at a distinct place in the maritime transport system because they are
capable of operating in places where normal port infrastructure cannot exist. Their strategic
value is not only confined to cargo handling but also plays an important role in the
development of the economy, support of the trade and connectivity of the region(Arthur,

2025).
Enabling Trade in Geographically Contained Counties

Lighterage ports can be used as an efficient option of cargo transfer in areas that have shallow
coastlines, sedimentation problems, or where there are few natural harbors. They allow the
large vessels to anchor at off shoring and use the small ones to deliver and pick cargo to and
off shore. This mode of operations will guarantee that trade will be possible even where the
operation of deep water port development is not feasible. It also also lowers the amount of
dredging required, hence the least disruption to the environment and capital cost(Cheng, Z.,

Gong, L., & Li, 2020).

Converging Developing Economies
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The financial and technical costs that come along with the building of deep-water ports is a
major challenge to many developing nations. The alternative that is cost effective is
lighterage ports whereby these regions can be involved in the international trade without
investing in massive infrastructure. They also act as significant entry and exit points of
imports and exports serving the industries of agriculture, mining and manufacturing and
contributing to the general economic development(Rathi, A., Singh, A. P., & Narayanaswami,

2020).

Improving the Regional Connectivity

Lighterage ports are very vital as they facilitate the linking of remote and underdeveloped
areas with the national and international trade routes. They assist in alleviating the
geographical inequalities as they enable goods to travel to and out of remote locations hence
creating an inclusive economic growth. They are especially useful in improving the
connectivity in the last mile of maritime logistics systems since they can work in the most

varied environment(Blazich, 2021).

1.4.2 Integration with the Contemporary Logistics Networks

The introduction of the lighterage ports into the contemporary logistics chains offers both
opportunities and difficulties. With the world trade systems becoming more interdependent,
the necessity to have a smooth coordination between the various forms of transport has been

more crucial.

Integration Opportunities

Lighterage ports have the potential to play a significant role as an important node of a
multimodal transport system, connecting road and rail transport with maritime transport and
inland waterways. They can be used in different types of cargo, as well as in different
amounts of trade, so they are useful elements of the regional logistics systems. When well

adopted, they will help decongest big ports and enhance efficiency in the entire supply chain.

In addition, the innovations in the system of logistics management and digital platforms can
offer opportunities to lighterage ports to improve their coordination. Cargo movements can

be made easier with the use of integrated transport systems and enhance coordination
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between offshore and onshore operations(Farshidnejad, M., Javanmard, H., & Abutalebpur,

2022a).

Challenges in Integration

Notwithstanding these possibilities, the adoption of the appearance of lighterage ports with
the modern logistics system is frequently undermined due to the shortage in the infrastructure,
technology, and coordination. Lack of digital platforms, real time data systems and
standardized operations processes may lead to inefficiencies and delays. The inaccessibility
to the transport networks to hinterland in most instances also limits the smooth flow of

merchandise.

Also, institutional and regulatory obstacles can restrict the successful adoption of the
lighterage ports into a greater logistics system. To solve these issues, there should be
concerted efforts on development of infrastructure, policy changes and technological

uptakes(Hoekstra, 2021).

1.4.3 Modern Era Operations Characteristics

The modern environment has defined the way lighterage port operations are subject to
various factors that determine their efficiency and performance. Those features can be
attributed to the natural nature of the lighterage systems and further on the developing needs

of the world trade.

Relying on Multi-Stage Operations

The use of several steps of cargo transfer is one of the characteristics of the lighterage ports.
Although this offers these benefits of flexibility in operations, it does so at the expense of
introduction of complexities, which would necessitate thorough planning and coordination.
Every other step contributes to the possibilities of delays, inefficiencies, and risks of cargo
handling(Ahmed, T., Suhrab, M. I. R., Ahmad Fuad, A. F., Bin Osnin, N. A., Bin Mokhtar,
K., & Wan Nik, 2025).

Role of Human Intervention
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Several lighterage businesses still largely rely on human involvement and manual labour.
Although this may give flexibility at some points, it usually causes inconsistencies in
performance, slowdown and increases risks in operations. The low rate of automation also
inhibits the capability of these ports to enjoy greater levels of efficiency(Zhou, C., Ma, N.,
Cao, X., Lee, L. H., & Chew, 2021).

Environmental Conditions Sensitivity

The weather condition, tidal variations, and the sea states are some of the factors in the
environment that are sensitive to lighterage operations. These aspects may interfere with the
cargo handling processes, slow down the operations, and create uncertainty. With the rise in
the variability of climatic conditions, the effect of environmental conditions on the operations
of the ports is expected to be more pronounced(Bett, D. K., Ali, 1., Gheith, M., & Eltawil,
2024).

1.4.4 New Trends that have an impact on Lighterage Ports

In the modern times, there are a number of emerging trends that influence the development
and functioning of lighterage ports. The trends represent the challenges as well as the

opportunities to enhance efficiency and competitiveness.

Expansion in International Trade Quantums

The ever-increasing world trade has been characterized with the increment in cargo trade
imposing more strain on the port systems including the lighterage ports. This requires the
enhancement of capacity, efficiency and working management to meet the high

demand(Pasha, A., & Rastogi, 2022).

Increasing Vessel Sizes

The trend towards larger vessels has implications for lighterage ports, as these vessels are
unable to dock directly due to draft limitations. This increases the reliance on efficient
lighterage operations and highlights the need for improved coordination and handling

systems (Buts, C., Langenus, M., Maes, S., & Vonck, 2024).

Technological Advancements

Advancements in technology, including automation, digitalization, and data analytics, are
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creating new opportunities for enhancing port operations. The adoption of these technologies
can improve efficiency, reduce operational risks, and enhance decision-making

processes(Addy, E., & Ansong, 2024).

1.4.5 Lighterage Ports to the Challenges in the modern context

Although still relevant, lighterage ports have some few challenges which restrict their

capacity to compete with the modern deep water ports.

Operational Inefficiencies

The use of classic cargo operations and manual operations despite delay, increased cost of
operations and minimized productivity. These problems are further triggered by inefficiencies

in the coordination of the offshore and the onshore operations(Batten, 2022).

Infrastructure Constraints

Most of the lighterage ports do not have the requisite infrastructure such as modern handling
equipments, storage facilities, and connectivity with the transport networks in the hinterland.

These constraints hamper their performance and abilities(Inyang, 2020).

Higher Operational Risks

The lighterage operations are multi-stage thereby enhancing the risk of losses, accidents and
damages of the cargo. Operational risks are further influenced by environmental uncertainties

that are related to reliability and efficiency(HARAKE, 2024).

1.4.6 Modernization and Technological Integration Requirement

Increasing requirements of global trade and constriction of the traditional lighterage systems

indicate the necessity of modernization with great urgency.

Infrastructure Upgradation

Modern infrastructure including better docking systems, mechanized equipments, and better
storage facilities have to be invested in to enhance operational efficiency and capacity(Powell,

2022).
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Implementation of Online Solutions

The coordination, transparency, and decision-making may be greatly improved with the
introduction of digital technologies, such as real-time tracking, automated scheduling, and

data analytics.

Capacity Building and Skill Development

Modern systems involve human resources that need to be skilled to be successfully
implemented. Proper training and capacity building should be undertaken to make sure that

the staffs can successfully operate new technologies(Ye, S., & Jiang, 2021).

1.4.7 Competitiveness Improvement Opportunities

Nevertheless, the lighterage ports have a lot of potential of improving their competitiveness

by innovation of strategy and effective management.

Cost Flexibility and Advantage

The likes of Lighterage ports have benefits in capital investment and flexibility of operations.

These strengths can be used to remain competitive in given market segments.

Niche Market Opportunities

Lighterage ports can develop niche advantages by specializing in a specific type of cargo or

focusing on a specific regional market, and this will enhance their market position.

Consolidation with Regional Development Strategies

The contribution of lighterage ports to trade and economic development can be improved by
aligning the development of ports with the regional strategies of economic

development(Dhulipala, S., & Patil, 2021).

1.4.8 Future Prospective of Lighterage Ports

The future of the lighterage ports is rooted in the capacity to adjust to the dynamics in trade,

technological changes and environmental concerns. These ports can become effective and
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sustainable parts of the global maritime system with the necessary investments in

infrastructure and technology and with the policy support.

Their further applicability will rely on their ability to address current issues, enhance
operational performance as well as their ability to merge with the current logistical networks.
With the global trade ever growing, the light ports can further be useful in supporting trade in

resource-constrained areas(Yahan, H., & Minglu, 2021).
1.4.9 Applicability to the Current Study

In this study, the relevance of the lighterage ports today gives a good basis in exploring the
effect of innovation in infrastructure and effective cargo handling systems. The existing
challenges, the dynamics of the operations, and the opportunities that are emerging should be
understood in order to pinpoint the strategies that can be used to improve the performance of

the port.

The knowledge acquired through this analysis will help in the creation of a holistic
framework of enhancing efficiency, sustainability and competitiveness in the lighterage port
systems to aid in the body of knowledge as well as practical implementations(Joseph-Harris,

2020b).
1.5 Case Context: Selected Lighterage Ports

To consider the practical consequences of infrastructure recovery and efficient cargo
handling solutions, the study's approach is the case-based one and considers the chosen
lighterage ports as the examples of different geographical, operational, and economic
backgrounds. Having numerous locations of case studies allows gaining a full picture of the
way lighterage systems operate under different environmental conditions and infrastructural
limitations. It also allows to explore the connection between innovation and the operational

performance in the reality context more thoroughly(Sultana, S., & Anwar, 2021).

The ports that have been selected are, Navlakhi Port, Magdalla Port and Bedi Port in India,
and the Puttalam Port in Sri Lanka. They are ports that have been selected carefully as per the
reliance on the lighterage systems, their role in regional trade, and their applicability in the

context of explaining the difficulties encountered by ports that have to work under the narrow
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draft conditions. They provide collectively a representative sample of systems of the

lighterage port operating in the mainland and island economies.

Through these ports, the study can gain a broad range of operational realities featuring the
differences in cargo types, infrastructure availability, and technological adoption degrees.
This variety enhances the depth of analysis of the study and facilitates the determination of
patterns and best practices that can be transferred to the work of similar port systems around
the world(de Alcantara, M. G., da Silva, F. A., Marins, A. F. S., & de Miranda Carvalho,
2025).

1.5.1 Reasoning of Case Study Ports Selection

The choice of these ports is informed by some of the key factors that coincide well with the
scope and purpose of the study. The variety in the conditions of operations in the chosen
ports is one of the major aspects. Every port also has a distinct physical and environmental
environment, which is typified by variation in water depth, tidal variation, sedimentation
rates, and climatic factors. The differences are therefore very critical in the operations of the

port and in the efficiency of handling the cargo and can be properly compared with each other.

The next factor is the applicability of these ports to lighterage systems. All chosen ports
heavily depend on the cargo transporting by using barges or lighters because the draft does
not allow large ships to dock to the port. This similarity in operations defines them as
especially effective in the investigation of the problems and inefficiencies related to multi-

stage cargo handling procedures(Iliffe, 2023).

Competitiveness of these ports is another factor that critically contributes to their selection.
Having ports in various geographic areas, especially India and Sri Lanka, the study can delve
into similar issues as well as those isolated to individual regions in terms of operations. Such
a comparative point of view increases the strength of the research results and enables more

extensive and flexible recommendations to be made.

Also, they were chosen by virtue of the strategic and economic value of their ports in their
respective regions. All the ports are crucial in supporting local industries, trade, and

economic development of the region. The research on these ports can be useful to understand
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how the enhancement of infrastructure and cargo processing can influence the economy in a

larger scale(Hidalgo, D. C., & Olukoju, no date).

1.5.2 Overview of Selected Ports

The lighterage ports that are chosen are very diverse in their scale of operation, cargo
specialization and the level of infrastructural development. The ports receive bulk cargo
including coal, fertilizers and salt or both liquid and mixed cargo. These variations affect the
design of the cargo handling system and the necessity to consider particular operational

strategies.

Also, the ports are different in the level of technological acceptance, although this is
secondary to the diversity of cargo. Whilst there are still ports that are still totally or semi-
mechanized, other ports are now starting to introduce some form of mechanization and
computerized coordination. This difference will give a chance to study the effect of varying

amounts of technological integration on the efficiency of operations.

The general description of these ports is the basis of a comprehensive interpretation of their
particular peculiarities and predetermines the examination of the dynamics of their work,

problems, and opportunities of the innovation in more detail(Jones, 2022).

1.5.3 Navlakhi Port

Navlakhi Sea Port is a Gujarat port in India, which is considered as one of the most
significant lighterage ports in the area and plays a major role in transporting bulk
commodities which are necessities to industries and agricultural practices. It plays a major

role in trading in the region due to its strategic position and connectivity.

The port is worked under shallow draft conditions and so it requires application of lighterage
systems in transfer of cargo. Big ships anchor in sea and goods are carried to the shore by
means of barges. This is a multi-stage process that needs a special coordination and an

effective handling system to reduce delays and losses(Kostadinov, 2025).

Nevertheless, the port is characterized by a number of infrastructural problems such as low
storage capacity, insufficient mechanization as well as the use of labor-intensive handling

techniques. Such restrictions usually lead to traffic jams, delays, and high costs of operation.
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Tidal variations that could affect operations are among the environmental factors that

complicate operations further.

Nevertheless, Navlakhi Port has a significant potential of innovation despite such challenges.
Operational efficiency can be greatly increased by the introduction of mechanized handling
equipment, better storage facilities and the digital coordination systems. The current
constraints of the port present it as a perfect research to determine how infrastructure

development and technological integration influence it(Abdulkadir, A. B., & Mashood, 2021).

1.5.4 Magdalla Port

In Gujarat, Magdalla Port in the vicinity of Surat is regional port which facilitates a variety of
industrial and commercial activities. It is located close to major industrial centers, which

makes it more important in the logistic system of the region.

The challenges to the operation of the port include siltation, shallow drafts, and poor
infrastructure. Sedimentation is common and incurs high costs incurred during the process of
dredging, which influences the efficiency. Such limitations complicate and increase the time

of cargo handling.

The Port of Magdalla offers a useful example in the study of the way new infrastructure
solutions can be used to overcome such challenges. The impact of environmental constraints
and the improvement of the performance of the operations can be overcome by adopting the
use of the latest dredging techniques, the design of the berths, and the use of digital planning

systems.

The operating conditions in the port indicate the relevance of adaptive infrastructure and
efficient cargo handling systems in transcending the structural constraints and increasing the

overall efficiency(Jacobsson, S., & Lantz, 2024).
1.5.5 Bedi Port

A lighterage port Bedi, which is near Jamnagar in Gujarat and it deals with the petroleum

products, fertilizers, and other bulk commodities. The fact that it operates sensitive and high-
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value cargo makes it especially important as to why practical and secure cargo handling

systems are essential.

The port uses a lighterage system, and requires several steps of the transfer of cargo between
offshore vessels and onshore facilities. This involves a high degree of coordination and

proper management so that it will be timely and safe operations.

The issue of efficiency management and the possibility to deal with complex types of cargo is
one of the main problems at Bedi Jetty. Performance of the reversion to the old way of
handling can introduce delays and the operational risks. Nonetheless, the implementation of
the modern technologies, i.e., the use of automated monitoring system and enhanced safety

standards, can become a crucial improvement(Khalili, 2021).

Bedi Jetty is a significant illustration of the effects of effective cargo handling systems on the

turnaround time, cost-effectiveness, and reliability of operations in the lighterage ports.
1.5.6 Puttalam Port (Sri Lanka)

Puttalam Port, which is in Sri Lanka is a smaller scale captive lighterage port that is run in the
framework fulfilling National requirement of coal to an only coal based power plant on the
island for the National power generation. Being included in the study gives an international

point of view and expands the scope of analysis.

The Puttalam being an open sea anchorage, operation can be carried out only during fair
weather (Mid-September to Mid-May). Nevertheless discharging is carried out by shore
cranes at jetty. However due to lack of infrastructure, and exposure to the weather conditions

is the main challenge.

The challenges have an impact on the efficiency and reliability of port operations which make
it hard to fulfill the required quantity for the National power generation. Nevertheless,
modernization is another major opportunity that the port has. Its performance and

sustainability can be boosted with the introduction of additional infrastructure.

1.5.7 Comparative Insights of Selected Ports
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The chosen ports represent in their diversity and complexity the variety of operations of
lighterage ports. Although the dimensions, type of cargo, and location of the ports may vary,
various common issues may be noted in any of the ports. These are shallow draft situations,

use of multi-stage cargo handling, infrastructure constraints and inefficiency in coordination.

Simultaneously, the differences in the context of operations can be considered as sources of
useful information about the impact of various aspects on port performance. The variety of
cargo types, economic factors, and the level of technological implementation stipulates the

necessity of specific solutions to specific situations depending on the port environment.

The comparison of these ports allows distinguishing both similar tendencies and distinct

features, which makes the system of lighterage ports even more holistic(Chiang, 2025).
1.5.8 Case Study Relevance to the Objectives of the Research

These case study ports have been included well in line with the aim of the research. They
give practical scenarios to the analysis of the effect of innovation of infrastructure and cargo

handling efficiency on the port performance.

The study can analyze the impact of various operational strategies and technological
interventions on efficiency and productivity by analyzing these ports. The case studies also
play a part in determining the practical problems and possible solutions hence closing the gap

between the theoretical and practice(Abdulkadir, A. O., Ariyoosu, D. A., & Oladepo, 2022).
1.5.9 Implications for the Study

By analyzing the chosen lighterage ports, it is expected that useful information about the
importance of innovation in regulating the operational efficiency and competitiveness will be
obtained. The results of these case studies will be used to draw the workable

recommendations on how to enhance port performance.

Also, the paper will emphasize the relevance of having an infrastructure development
coupled with an effective cargo management system to bring in long run and sustainable
growth. The information derived during this analysis will be beneficial to the policymakers,
port authorities, and other stakeholders in management and development of ports(Bulum, B.,

& Pijaca, 2022).
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1.6 Research Gap

Research gap is needed to determine the soundness and novelty of any academic research.
There is a great amount of literature available in the field of maritime logistics and port
management which explores the subject of port efficiency, development of infrastructure, and
cargo handling systems. Nevertheless, through critical review of the available literature, it has
been noted that majority of the studies have mostly concentrated their efforts on large scale
seaports and advanced container terminals with considerably little focus being given to
lighterage ports. These larger ports are usually defined by deep-water access, highly
technologic systems and large amounts of financial resources that are very different in their
operational realities of lighterage ports. Consequently, the results and models derived in these
research are not always directly relevant to ports that have to be managed under shallow draft

conditions and resources limitations.

Moreover, the current body of research is rather disjointed as it studies infrastructure
development and cargo handling systems as two separate facets of the research. Some
researchers believe in the necessity of contemporary infrastructure to increase port capacity
and performance, but others are concerned with the enhancement of the efficiency of cargo
handling by means of mechanization, automation, and digitalization. Nevertheless, it is
evident that there is no analysis that encompasses the interdependence of these two important
aspects. In reality, the port infrastructure and cargo management system are closely
interrelated, and the concerted performance of port infrastructure and cargo management
system predetermines the overall operational performance. This lack of coherence in view
does not allow the overall picture of how these elements relate to efficiency, cost, and

competitiveness in port operations.

The second major weakness of the current literature is the absence of empirical research keen
on lighterage ports. A lot of the existing literature is either theoretical or relies on the data of
well established ports, and there is still a gap in knowledge of the operational challenges that
are encountered in the real world with the idea of lighterage systems. This disparity is
especially observed in developing areas where the lightening ports are more common and
more instrumental in supporting commerce despite the infrastructural and monetary
limitations. Low number of studies in case studies limits the implementation of context-

sensitive solutions that are viable and replicable.
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The contribution of innovation to the lighterage ports is also yet to be explored well.
Although technological innovations are well-researched in the context of large ports,
especially automation, digitalization, and smart systems have gained popularity, the
application of these technologies in the light-known setting is still under research. Lighterage
ports need solutions which are not only efficient but also flexible to their peculiarities of
operation and resource constraints. This gap in the literature is of significance due to the lack

of specific studies in this direction.

Against such settings, it is entirely justified that detailed and coordinated studies of how the
synergy of the innovative nature of infrastructure and effective cargo handling systems
influences the performance of lighterage ports are highly needed. This paper attempts to fill
this gap by proceeding to adopt a holistic strategy and conducting a case port selection,
therefore, offering empirical reports covering the challenges and opportunities linked with the
operations of the lighterage ports. In such a way, the study will help to add to a more detailed
vision of port performance in resource-limited conditions and provide viable

recommendations regarding the improvement of efficiency and competitiveness.

1.7 Problem Statement

Lighterage ports remain important elements of the maritime trading systems, especially in the
areas where geographical factors, which include shallow coastal waters, sedimentation,
economic factors, among others, do not allow the construction of deep-draft calendar systems.
These ports are useful as an alternative of handling cargo and also of sustaining trade
connectivity in the emerging economies and geographically isolated areas. Nevertheless, even
though they remain essential, lighterage ports are still experiencing a variety of structural,
technological, and operational issues, which restrict their efficiency, productivity, and

competitiveness on the modern global logistics system considerably.

The lack of most modern infrastructure is one of the major problems facing the lighterage
ports. Many of such ports still use traditional physical infrastructure that comprises of
inadequate berthing facilities, inadequate storage facilities, and poorly-maintained cargo
handling facilities. These infrastructural shortcomings do not only impair the amount of cargo
that can be transacted, but also help in the enhancement of the turnaround time and

operational delays. In several situations, the lack of the planned infrastructure construction
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and the insufficient investment in its modernization only worsen these obstacles, which leads

to the underutilization of assets of port facilities and decreased efficiency of operations.

Besides the constraints of infrastructures, another area of major concern is the inefficiency of
the cargo handling systems. The nature of lighterage operations is that they consist of several
phases of cargo movement, usually between mother vessels at anchor in the offshore
environment to smaller barges or lighters, and then onshore. The given multi-stage process
complicates operations and adds other risks, such as cargo damage, time wastage, and
increased handling expenses. The further dependency on manual or semi-mechanized
practices of cargo handling also lowers the speed and accuracy of operations and it is hard to
expect the lighterage ports to keep pace with the increasing demands of the time-sensitive

global supply chains.

The other significant issue is the lack of implementation of high-tech technologies and digital
systems in the operations of lighterage ports. As most modern ports have been able to
combine automation, digital tracking systems, and data-driven decision-making tools to
effectively improve operational efficiency, lighterage ports tend to be less advanced in that
respect. Lack of real time information systems, electronic data interchange systems and
integrated logistics management systems results in lack of coordination between stakeholders,
delays in communication and inefficiencies in planning and executions. This technological
difference has a great impact on the overall performance and competitiveness of the

lighterage ports relative to the more advanced port systems.

The question of environmental sustainability has become a major concern in the practice of
port operations in the world. As the world is increasingly focusing on the negative effects of
carbon emission and the need to adopt environmentally friendly methods of operation, ports
should focus on the use of green technologies and sustainable infrastructures. Nevertheless,
the inability to change to a sustainable operation is critical in lighterage ports because of
financial constraints, insufficiency in technological proficiency, and weak policy backups.
The fact that traditional fuel-powered equipment and inefficient cargo handling patterns have
not changed overtime increases the emission and degradation of the environment which

underlines the necessity of sustainable innovation on such ports.

Furthermore, issues related to operations like congestion, navigational issues, and operational

risk are mostly strong in lighterage ports. When smaller vessels are used and they work in
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narrow or shallow waterways, the chances of accidents and delays are high particularly in the
busy anchorage zones. Poor safety practice, weak monitoring systems and absence of
standard operating procedures further increase the risks, which impact the stability of

operations and stakeholder trust.

Although the port performance and the maritime logistics literature is quite extensive, a
significant gap in the literature is clearly observed in the case of the lighterage ports,
especially as a part of the integrated development. Majority of the literature is inclined to
consider infrastructure development and cargo handling efficiency as two distinct areas,
without considering the interaction and their combined influence on the overall port
performance. This disjointed treatment restrains the comprehension of the intersection of

these variables in the specialized business model of lighterage ports.

Thus, the main issue within the given study is the necessity to analyze the joint influence of
the innovation in port infrastructure and the introduction of the efficient system of cargo
handling on the functioning of lighterage ports critically and interpret it. The paper aims to
determine how the aspects can be successfully combined and used to address the current
issues, make the work of lighterage ports more efficient and competitive, especially in the
developing and resource-starving conditions. By solving this issue, the study will play a part
in the achievement of viable, scaled, and sustainable solutions of enhancing the lighterage

port operations in the contemporary maritime sector.

1.8 Research Questions

In order to systematically address the research problem and achieve the objectives of the
study, a set of carefully formulated research questions has been developed. These questions
are designed to explore the complex relationship between infrastructure innovation, cargo
handling efficiency, and overall port performance within the specific context of lighterage
ports. By focusing on both individual and integrated aspects of port operations, the research

questions aim to provide a comprehensive analytical framework for the study.
The primary research questions guiding this study are as follows:

e How does innovation in port infrastructure influence the operational efficiency and

productivity of lighterage ports, particularly in resource-constrained environments?
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e What role do cargo handling systems play in improving vessel turnaround time, reducing
cargo dwell time, and minimizing overall operational costs in lighterage port operations?

e To what extent does the adoption of digital technologies, such as automation, real-time
data systems, and electronic information exchange platforms, affect the efficiency and
coordination of cargo handling and port operations?

o What are the major structural, technological, financial, and operational challenges faced
by lighterage ports in implementing modern infrastructure and advanced cargo handling
systems?

e How do infrastructure innovation and cargo handling efficiency collectively interact to
influence overall port performance, including aspects such as reliability, cost-
effectiveness, and service quality?

e What practical insights and best practices can be derived from selected lighterage ports to

enhance efficiency, competitiveness, and sustainability in similar port environments?

These research questions collectively aim to bridge the gap between theoretical
understanding and practical application by examining both the individual contributions and
the combined effects of key operational factors. They also facilitate a structured investigation
into the challenges and opportunities associated with modernizing lighterage ports, thereby

providing a strong foundation for subsequent analysis and discussion in the study.
1.9 Scope of the Study

The boundaries of the given research are well-elaborated to provide a perfect focus on the
research issue as well as analytical coverage and applicability. Through setting clear
boundaries, the research attempts at offering a systematic and thorough review on the
performance of lighterage ports as a result of infrastructure innovation and efficient cargo
handling systems. The scope has been divided into geographical, conceptual and analytical

dimensions to make the research systematic.
Geographical Scope

The geographical coverage of this research is limited to some of the lighterage ports in the
South Asian region. In particular, the study pays attention to Navlakhi Sea Port, Magdalla
Sea Port, and Bedi Jetty Sea Port in India and to Puttalam Port in Sri Lanka. These ports are

chosen on purpose based on their operational importance, variety in cargo handling patterns,
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and the presence of the representation of lighterage ports systems under various geographical

and infrastructural circumstances.

The chosen ports create a reasonable level of comparative analysis since they vary in terms of
scale, type of cargo, the availability of infrastructure, and the extent to which they are
technologically adopted. This geographical scope allows the research to not only describe the
realities and difficulties of lighterage port activities in resource-bound and developing
locations, but it also afforded the researcher an opportunity to draw useful insights regarding

Cross-case.
Conceptual Scope

Conceptually, the research is focused mainly on two dimensions, which include innovation in
the port infrastructure and efficiency in the cargo handling systems. Infrastructure innovation
here is not just physical development (berths, handling equipment, storage facilities etc.), but
also digital infrastructure (information systems, automation technology, smart port solutions
etc.). Moreover, the paper takes into account the increased significance of a sustainable

infrastructure, such as green technologies and green port.

The second key area is cargo handling systems, which has a continuum of operational
practice to include the conventional manual practices, to the mechanization, to the fully
automated systems. The paper also looks at the impact of such systems on the key
performance indicators such as cargo throughput, turnaround time, cost of operation,
reliability, and safety. The combination of these conceptual aspects will enable the research

to offer an all-inclusive picture of the dynamics of port performance.

In addition, the research takes into account such key performance indicators as the efficiency
of operations, cost-effectiveness, turnaround time, the quality of the provided services, and
environmental sustainability. These measures are quantifiable outcomes according to which

the effectiveness of infrastructural and cargo handling innovations could be assessed.
Analytical Scope

The study is analytically realised on the basis of a comparative and integrative research

framework. The study is systematic in characterizing the relationship between innovation in
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infrastructure and cargo handling efficiency with specific reference to their overall effect on
the performance of the port. Instead of looking at these factors separately, the study looks at
the interdependence and how each factor relates to the others to enhance outcomes of the

operations.

The theoretical/practical insights included in the analysis are a combination of maritime
logistics, port management, and supply chain systems. It is the application of the qualitative
and, where possible, the quantitative techniques of evaluation of operating practices,
determination of problems, and measurement of performance enhancement. The comparative
assessment of the chosen ports will help to identify the patterns, best practices, and context-

related solutions that can be used in the other, lighterage port contexts.

Moreover, the broader economic and environmental consequences of infrastructure
innovation and cargo handling efficiency are also taken into account in the study thus
offering a multidimensional view of port performance. Nevertheless, it should be
remembered that the context is restricted to the operations of lighterage ports rather than
large-scale deep-water ports or container terminals unless there is a need to do so to compare

them in context.
1.10 Significance of the Study

The importance of the current research will be the fact that it will make contributions to the
academic and practical field of maritime logistics and port management. The research is
particularly useful in developing countries and geographically limited regions, as it is dealing
with a relatively unexplored but very relevant field by specifically looking at the lighterage
ports. The research also offers a thorough insight into how innovation and efficiency in the
handling systems of the cargo in terms of infrastructure can improve port performance, thus,

providing useful information to various stakeholders.
Academic Significance

Academically, the study contributes positively to the body of literature in that it takes the
concerns of the literature out of the large-scale and technologically advanced port to the one
that is lighterage and has thus had a relatively low scholarly coverage. Although the earlier

studies carried out have discussed much about container terminals and deep-water ports, little
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has been done with regard to the nature of lighterage ports and the difficulties associated with
them. This paper contributes to sealing this gap and offers a narrow and detailed analysis of

lighterage port systems.

Moreover, the study takes a combined method of analyzing the two topics, that is, the
infrastructure innovation and the cargo handling systems in a combined analytical process.
Compared to the previous research, which is more likely to address these aspects separately,
the interdependence of these aspects and their joint impact on port performance are the focus
of the present study. This overall outlook leads to the theoretical advancement of port
efficiency models and the improved insight of the new operational dynamics in resource-

limited settings.

Besides, the study is related to the themes of the further theoretical discussions about the
maritime logistics, supply chain management, as well as the transportation economics as it
includes the concepts of technological innovation, efficiency of operations, and sustainability.
The results of the study can be used as a basis of future investigations, where more insight

should be made into the topic of lighterage ports and other non-conventional port systems.
Practical Significance

Practically, the study provides significant findings to the policymakers, port authorities and
the industry stakeholders concerned with the process of port development and management.
The results can be used to help policymakers establish good policies to develop and
modernize infrastructures and invest more in the development of the lighterage ports. The
study offers some guidance on how to enhance performance of ports in a sustainable and
cost-effective way by underlining the significance of the adoption of new technologies and

effective cargo handling equipment.

To port operators and authorities, the study provides feasible suggestions on how operations
can be done to generate efficiency, minimize turnaround time and service quality. The
analysis of cargo handling behavior and limitations of the infrastructure assists in identifying
the spheres in which the improvement can be made to attain higher resource utilization and
operation results. This especially applies to ports that operate within financial and
infrastructural limits in which strategic interventions can result in extensive performance
improvement.
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The research also justifies the use of digital technologies and sustainable approaches to port
operations. The research promotes the shift towards smarter and greener port systems by
highlighting the importance of automation, real time data systems, and environmentally
friendly infrastructure. This has been in line with the rest of the world in sustainable

development and environmental responsibility in the maritime sphere.

Besides, the knowledge gained through the chosen case ports gives a practical insight into the
challenges and opportunities that are related to lighterage port operations. These observations
can serve as a source of reference to other ports with the same situation and this encourages

knowledge sharing andbest practice across regions.

On the whole, this research has got great importance in improving both theoretical knowledge
and practical application of strategies that should be in place to make lighterage ports in the

global trading environment more efficient, competitive, and sustainable.

1.11 Conclusion of the Introduction

Finally, the revolution of port systems driven by the swift changes in the global trade is an
indication of how in the world of maritime business, innovation, efficiency and sustainability
are becoming increasingly relevant and vital in the port management operations. Ports are no
longer considered as areas where cargo is transferred but have become elaborate logistics
interactions that are very vital in the facilitation of international trade, facilitate economic
growth and integration of the supply chain. It is against this wider background that lighterage
ports remain considerably relevant especially in areas that are limited by geographical factors,

shallow coastal environments and available financial resources. (Kiobya, 2024)

Although of strategic significance, lighterage ports have experienced various endemic
problems that constrain their performance competencies and competitiveness. Poor
infrastructure, use of outdated cargo management, poor use of technology and environmental
issues are some of the factors that have slowed their capability to cope with the increasing
demands of the modern logistics systems. These difficulties are further enhanced by the
growing magnitude of the international trade and the necessity in quicker, more dependable,

and more economical port activities.
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The argument made in this chapter shows clearly that innovation in port infrastructure and
adoption of effective cargo handling system are the key determinants of port performance.
Physical and digital infrastructure innovation is the means to offer the required backbone to
the improved capacity, connectivity, and operational reliability. Concurrently, effective cargo
handling systems are highly important in enhancing the turnaround time, minimizing the
operational cost, and secure movement of goods safely and in time. Nevertheless, little
integration of these aspects in the operations in the lighterage ports has led to inefficiencies,
bottlenecks in operations and have led to low competitiveness as compared to other

sophisticated port systems(Hasan, A. M., Chowdhury, M. M. A., & Islam, 2025).

Additionally, the chapter has established that there is a wide gap in current literature
especially with the combined examination of infrastructure innovation and cargo managing
efficiency in the framework of lighterage ports. Although extensive studies have been carried
out on large-scale ports and container terminals, minimal interest among research has been
given to the operation peculiarities and issues of lighterage ports. This shows the necessity of
a narrow and contextual research that would cover the working realities of these port

systems(Dahm, J. M., & Shugart, 2025).

This chapter provides an excellent conceptual and analytical basis to the research, by
providing the background, major concepts research gap, problem statement, research
questions, scope, and significance of the study. It gives a clear guide on the way forward in
the research on the main problem that is how the combination of infrastructure innovation
and cargo handling efficiency affects the performance of lighterage ports, especially in the

developing and resource limited settings.

The chapters that follow will be based on this premise by providing a critical survey of the
target literature, research methodology, data analysis, and discussion of results. Finally, the
research will help to inform the academic community and to change the practice positively by
providing commentaries and recommendations that can enable the efficiency, sustainability
and competitiveness of the lighterage port systems in the contemporary marine

environment(Bose, S., Banerjee, S., & Basu Ray Chaudhury, 2024).
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CHAPTER 2

LITERATURE REVIEW

The chapter is also a review of the literature available regarding the development of ports and
maritime logistics and the technological and socio-economic factors surrounding it. This
chapter is aimed at reviewing the past research and determining major concepts, trends, and
gaps in the research that are pertinent to the study. The literature discusses the key fields
including port governance, infrastructure development, digitalization, sustainability, and
global connectivity in trade. It also looks at how the use of advanced technologies,
environmental concern, and human factors have influenced the modern port systems. The
chapter is divided into various categories such as the theory framework, Theory of Reasoned
Action, and Human Society Theory, in order to have a formulated knowledge of the subject.
In general, the review of the literature provides a solid base to the research due to the

presence of relevant findings and the orientation of the study.

2.1 Theoretical Framework

The conceptual model is the basis of insights on port development and maritime logistics. It
encompasses the concepts of port governance, infrastructure development, and
connectiveness of the global trade. These theories can be useful to explain the functioning of

ports as complex systems as economic, technological, and institutional factors can affect.

(Ali, 2020) was focused on its geoeconomic and geopolitical effects on the development of
international trade and ports. The research was done using a case study and analytical
methodology, where the researcher analyzed policy frameworks and pattern of investment
and international trade pathways of the initiative. The results showed that the maritime silk
road has played a major role in terms of port infrastructure development, increasing maritime
connectivity, and broadening international trade networks. It emphasized how strategic

investments in ports, logistics centers and transport corridors have enhanced the capacity of
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cargo and efficiency of operations in participating regions. Also, the analysis indicated the
weaknesses of geopolitical tensions, financial risks, dependency issues among third world
countries. This study is very applicable to the current study because it highlights the issue of

infrastructure investment and global connectivity in enhancing port performance.

(Adams, 2021) To examine the governance structure and its impact on the performance of
the port, Adams took Port of Tema in Ghana as a case study. The objective of the research
was to analyze the impact of different institutional settings, management, and governance
model on port operation and service provision. A qualitative and analytical research approach
was adopted, based on interviews, policy analysis, and port performance information. The
findings indicate that effective governance structures that are characterised by clear
responsibilities, accountability, transparency, and co-operation among the stakeholders
contribute significantly to port efficiency, reduction of delays, and enhancement of the cargo
handling performance. Another element highlighted in the report was the negative effect of
poor regulatory frameworks, absence of agency coordination and bureaucratic inefficiencies
on the operations of ports. Another area of interest mentioned in the study was the importance
of decentralization in decision-making and the importance of the working partnership
between the public and the private in increasing performance. This work is relevant to the
existing research because it underlines the importance of governance to ensure that the

system of cargo handling is most efficient.

(Bendera, 2024) employed the Dar es Salaem Port Authority to assess potential outcome of
government investments on harbor infrastructure finances. The study was meant to evaluate
the impacts of government investment in port infrastructure on economic growth, trade
efficiency and general logistics performance. A descriptive and analytical study methodology
was employed with the help of primary and secondary sources of data including port statistics,
financial documents, and the opinions of stakeholders. These findings indicated that
government investment significantly enhances the capacity, cargo handling performance, and
vessel turnaround time to boost the trade volume and income production. The paper has also
highlighted the importance of infrastructure development to enhance competitiveness in
international trade, connectivity and reduction of traffic. Nevertheless, the challenges such as
inappropriate distribution of resources, maintenance issues, and slow project execution were
observed to be limiting. To ensure effective utilization of investments the paper also

highlighted the importance of strategic planning, open governance, and monitoring. The
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research is relevant to the present research since it highlights the significance of infrastructure

development as a way of enhancing effectiveness of cargo handling.

(Zhang, L., Guo, L., Zhang, X., & Zhang, 2021) explored the legal concerns regarding the
protection of wages of seafarers who are captured by pirates. The rights of seafarers were
reviewed in the international agreements like the Maritime Labour Convention (MLC) and
other legal and analytical methodology of the study. This finding revealed that the existing
legal systems often do not have clear provisions about the pay obligations in cases of piracy
and this makes seafarers affected by piracy uncertain and suffer financially. The inquiry
revealed that shipowners sometimes invoke issues relating to interpretation of the law to stop
the payment of wages in cases of hostages. The paper has also put into perspective the impact
of delayed or refused compensation on the social, psychological and economic aspects of
mariners and their families. To ensure that wage protection remains intact, it also emphasized
the need to have more efficient enforcement processes as well as accurate international
regulations. Since it focuses on the importance of legal and human resource factors in the
maritime operations, this study is relevant to the present research. Such insights may be
applied to sustain ethical and sustainable ocean logistics, enhance employee safety, and
ensure equitable workforce conditions in port and shipping administration structures, such as

the lighthand operation.

(Akhavan, 2020b) examined the relationship between the hinterland development and the
port geography with a focus on major port cities in the Middle East. The principal aim of the
study was to investigate how ports are associated with their hinterlands with regards to
economic integration, logistics association, and infrastructural progress. The author employed
a qualitative and analytical approach with the help of case studies on significant ports and an
evaluation of their transportation systems and trade statistics. The findings revealed that the
efficiency of ports and cargo transport can be improved by ensuring the hinterland connection
through well developed road, rail, and inland logistics infrastructure. The research also
revealed that more well-integrated ports into the supply chain of the region performed better
in their operations and also improved the throughput. To enhance the port-hinterland links,
the paper has also emphasized on the importance of collaborative infrastructure planning and
government support. The paper is applicable in the current study because it has shown the
role of infrastructures outside the port boundary in streamlined cargo operation and logistics

operations. The applied insights can be transferred to lighterage ports, where enhancing the
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hinterland connectivity and integration can have a profound impact on the increase of the

cargo handling efficiency and the overall performance of the operations.

(de Langen, P. W., Sornn-Friese, H., & Hallworth, 2020) examined the role of port
development firms in transforming port business ecosystems into the direction of a circular
and sustainable one. The main aim of the research was to examine how the institutional
players in port set up foster innovation and contributes to the development of the circular
economy initiatives. The authors used the qualitative case study design, which included
document analysis, ecosystem appraisal and interviews in order to discern the change process.
The survey has shown that port development corporations play a critical role towards
assisting in attaining stakeholder coordination, investing in modern infrastructure and is a
contributor to sustainable business models. The results showed that circular activities
promote performance and sustainability of operations. Such activities may take the shape of
recycling of waste materials, resource and energy-saving. Incorporation of stakeholders,
strategic vision, and governance were also indicated to be crucial in successful
transformations of innovation implementation in the paper. The paper is applicable in the
current study in that it has shown how institutional structures and systems innovation can be
applied to improve the sustainability and efficiency of ports. These data may be utilized by
lighterage ports to sustain operating practices that are sustainable, resource optimization and

efficient cargo handling systems.

(Dhulipala, S., & Patil, 2021) performed a descriptive analysis of space to determine
complexes of freight-generating industries. The article applied a quantitative and
geographical methodology mapping industrial clusters and assessing their role in generating
freight with with the help of spatial analysis tools. These findings indicated that the industries
that manufacture goods are often clustered in specific regions and this necessitates the
development of efficient logistic and transport systems. The paper has stressed that the
position of these types of industrial complexes is greatly determined by the accessibility of
infrastructure, access to transport systems and the level of economic activity in the area. This
paper also underlined the importance of the effective connectivity of these ports and the
industrial clusters in general to optimize the total flow of cargo and reduce transportation
costs. The article is relevant to the current research as it illuminates on the upstream variables
influencing the volume of cargo and port handling requirements. They can be applied in the

lighterage ports, where constructing efficient cargo handling systems, expanding
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infrastructure utilization, and making the entire logistics processes more efficient can all be

supported with an insight into the freight generating trends.

(Farshidnejad, M., Javanmard, H., & Abutalebpur, 2022b) explored the relevant variables
(cost and time) involved in the international freight transportation in the International North-
South Transit Corridor (INSTC) with the goal of identifying the key variables that determine
the efficiency of logistics and competitiveness in the trade. The research was done in a
quantitative and analytical manner whereby, transportation data, statistical analysis and
modeling were used to test the effects of the different operational and infrastructural
parameters. The results indicated that, transportation time, cost of fuel, customs, port
efficiency and quality of infrastructure are some of the most important influencing factors in
the overall performance of freight. The paper has also pointed out that port delays, ineffective
cargo handling mechanisms and poor coordination of various transport modalities are also
major factors that cause long transit time and logistics expenses. It also focused on the need
to have efficient customs procedures, multimodal integration and to invest in current
infrastructure to create efficiency in the corridors. The study also revealed that these variables
can be optimized to a great extent to minimize transportation costs and enhance reliability of
the international trade routes. The work is very applicable to the current research because it
establishes connections between cargo handling performance and greater logistics

performance and cost optimization.

(Li, 2023) focused on optimizing cross-border logistics network cargo flow organization by
incorporating cargo classification strategies, with the objective of improving efficiency and
resource utilization in logistics systems. The study adopted a quantitative and optimization-
based methodology, developing mathematical models to analyze cargo flow patterns and
network performance. The findings revealed that proper classification of cargo based on type,
priority, and destination enables more efficient routing and scheduling, thereby reducing
delays and operational inefficiencies. Additionally, the study highlighted that optimized cargo
flow organization improves network capacity utilization, enhances coordination among
logistics stakeholders, and reduces transportation costs. The research also emphasized the
importance of integrating digital technologies and decision-support systems to improve cargo
management processes. This study is highly relevant to the present research as it
demonstrates how systematic cargo organization and optimization can enhance handling

efficiency. These insights can be applied to lighterage ports to improve cargo sorting,
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scheduling, and routing processes, thereby enhancing operational efficiency and reducing

congestion.

(Gidwani, 2022) explored the impact of marine trade on the economy of Sierra Leone to
highlight how the world of cargo handling, shipping and port processes contribute to the
economic development of the nation. To test the hypothesis of the relationship between the
efficiency of maritime trade and economic growth, the research adopted descriptive and
analytical design to analyze the economic indicators, trade statistics, and the port
performance data. The findings indicated that through reduction of turnaround time,
prevention of delays and ensuring goods are delivered in time, ports which are well operated
with efficient cargo management systems significantly enhance trade. This efficiency through
raising the port throughput not only increases revenue generation but also industrial
developments as well as making the economy of the country competitive in international
trade. Conversely, the research revealed that bad port infrastructure, congestion, and
inefficiencies in operations impact negatively on the performance of trade, increase the
operation cost and reduce economic growth opportunities. To maximize the profit, the paper
has highlighted the importance of investing in modern port infrastructure, state of the art
cargo handling systems, and effective logistics processes. The relation of the effectiveness of
cargo handling to the more general economic outcomes is quite strong, which is why the

research is of great relevance to the existing research.

(Rathi, A., Singh, A. P., & Narayanaswami, 2020) examined the ways of enhancing port
performance with a special focus on the Jawaharlal Nehru Port Trust in India. The study
approached through a case study methodology analyzed managerial processes, infrastructure
capacity and data on operation. The findings indicated that the key drivers of the
improvement of performance are modernization of infrastructure, adopting digital technology,
good cargo handling systems, and minimizing administrative processes. It was also
highlighted in the study that it is imperative to reduce turnaround times, enhance coordination
between the port authorities and the logistics players, and enhance connectivity. It also noted
the role of investments and regulatory reforms which could make it efficient and competitive.
The paper provides practical information on how to improve the performance of ports, and
that is why it is highly relevant to the contemporary studies. The findings can be applied to
the lighterage ports to enhance the quality of the services provided, reduce the operations

bottlenecks, and enhance cargo handling efficiency.
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(Zhang Q, Zheng S, Geerlings H, 2020) reviewed port governance models and how they
are used to influence operational efficiencies, the development of infrastructures, and the
performance of cargo handling. The authors of the study assumed a policy-analytic and
comparative design, examining landlord, tool and service port models of global governance
and their effectiveness in determining port productivity, coordination of stakeholders and
strategic decision-making. The results indicated that good governance is essential in
maximizing the operations of the ports, ease investments in infrastructure, and efficient
distribution of resources. The paper has noted that governance systems contribute to the
uptake of technological changes, the adoption of cargo handling systems and the response to
market needs by ports. It further pointed out that to be operationally efficient and grow
sustainably, there is the need to have transparent regulatory practices, stakeholders
engagement and performance monitoring. This study is also applicable to the current study
because it relates governance mechanisms with cargo handling effectiveness and use of
infrastructure in ports. The lessons of this work can be used in lighterage ports by ensuring
that the governance structures are designed in a way that facilitates the exchange of
information among operators, maximizes the process of cargo transfer and ensure that the
strategic investment in infrastructure and technology is made. The effective governance can,
therefore, increase the productivity of the operations, minimize the delays, and guarantee the
sustainable development of the port operations especially in the environments, where the
lighterage services are involved in the connection of the larger vessels with the inland

destinations.

(Twull, 2016) discussed the Port of Fremantle, that was identified as the western gateway of
Australia, and aimed to comprehend the role of infrastructural development, governance, and
strategic planning in relation to the growth and efficiency of the port. The research was done
in a historical and analytical manner, using archival documents, policy documents and reports
on port development tracing the development of the port through time. The results showed
that a sustained investment in port infrastructure such as modernization of cargo handling
facilities, berths expansion and enhancing connectivity with transport systems in the
hinterland were very essential in improving the efficiency of operations and the capacity to
trade. Another understanding that was emphasized by the study was that of effective
governance, strategic decision making, and adjustments of emerging trade patterns in
maintaining port competitiveness over a long period of time. Also, it highlighted that the

development and application of technology and integration of logistics systems greatly
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enhanced the process of handling cargo and minimised bottlenecks that impacted the
operations. The study is very applicable in the current research because it has shown the role
of systematic infrastructure development and effective management practices in enhancing

performance in ports.

(Gillespie, 2022) was based on the case study of the Port Newark and its central role in the
history of container shipping and the goal was to comprehend how the new methods of cargo
handling altered the concept of global maritime trade. The work used a historical and
analytical framework and made use of archival data, industry reports, and historical
information in order to track down the process of substituting the traditional break-bulk cargo
handling with the standard containerization. The results showed that the introduction of
container shipping greatly enhanced efficiency in terms of lessening the loading and
unloading time by minimizing cargo damages and decreasing the transportation costs. The
paper emphasized that Port Newark was a strategic location where transformation could
occur because it invested in infrastructure and early use of the container technology. Also, it
boasted of the value of intermodal connectivity where smooth integration of ships, trucks and
railways improved the entire logistics system. Another key observation of the research was
that containerization caused a complete reorganization of port operations and supply chains in
the world. The article is quite pertinent to the current study because it proves the importance

of innovation in the functioning of the cargo handling systems.

(A Naha, A., Nandy, D., & Al-Mamun, 2025) examined the strategic role played by Japan in
the construction of the Matarbari Deep Seaport in Bangladesh, the aim of which is to
determine its role in intensifying South Asian connectivity, the improvement of trade, and
geopolitics. The research design was qualitative and analytical, which involved an
examination of policy documents, investment frameworks and regional trade statistics to
determine the strategic importance of the project. In the findings, it was established that the
Matarbari Deep Seaport development would greatly increase the marine capacity due to the
ability to handle large vessels, enhance cargo handling capacities and end the reliance on
transshipment ports. The paper has pointed out the fact that the investment in Japan is part of
a wider plan to enhance economic relationship, localization, and offsetting of the geopolitical
interests of the rivals in the region. Further, it highlighted that better port infrastructure and
logistical networks could promote the flow of trade in Bangladesh and other countries,

lowering the cost of transport and enhancing economic growth. The study also indicated
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possible issues, such as environmental issues, financial viability, and the necessity of
effective governments and management processes. The research is very pertinent to the
current study since it emphasizes the need of strategic investments and modern infrastructure

to enhance port performance.

(N Mohan, S., Ragul, D., & Sudharson, 2024) focused on the possibility of further
development of the Pondicherry Port to suit larger ships, and the aim was to determine the
capacity of the port and the efficiency of operations with the help of infrastructural changes.
The research was technical and analytical and it used bathymetric data, sediment analysis and
feasibility assessment models to assess the feasibility and effects of raising the port draft
depth. The results showed that intensification of the port would allow accommodating larger
vessels, and hence rise in cargo handling capacity, less reliance on transshipment ports, and
the overall cost of logistics. The research also pointed out the challenges that may arise
namely the environmental issues, cost of dredging and the maintenance cost of channel depth
which must be constant. It also stressed that the enhanced port infrastructure should be in
combination with the effective cargo handling system and connectivity with hinterland
transportations networks to fully enjoy the benefits. The study also suggested that strategic
planning and investment should be done to bring about sustainability and competitiveness of
the port in the long-term. The research can be of great significance to the current study
because it highlights the significance of infrastructure improvement in augmenting port
performance. The lessons learned can be transferred to the lighterage ports through the best
management of their depths, the efficient system of cargo transfer, and integrated logistics

planning to become efficient and to facilitate more trade operations.

(Joseph-Harris, 2020a) To understand the driving forces of such investments and their
consequences, Joseph-Harris (2020) investigated the increased influence of China in the
development of the port infrastructure on the Caribbean islands as a part of the Maritime Silk
Road Initiative. The research employed a geopolitical and economic analytic approach and
examined regional trade patterns, investment patterns and regulatory frameworks. The
findings indicated that the strategic economic issues, which drive China to participate in the
development of the ports are trade expansion, access to resources, and geopolitical influence.
The paper has also highlighted the relevance of these expenditures in providing a superior
infrastructural port facility, a greater capacity to handle goods, and enhanced connectivity

within the region. However, the issues of sovereignty, reliance on debts, and economic
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consequences in the long term were also problematic. To ensure sustainable development, the
paper has highlighted the importance of equitable policy frameworks and free agreements.
This study is relevant to the present study because it demonstrates the implications of the

major infrastructure renovations on the performance of ports and logistics efficiency.

(Roy, G. K., Viswanathan, B., Murali, M., Nambiar, K., & Sharma, 2025) conducted a
comprehensive landscape analysis of the labor market in the freight logistics sector in India,
with the objective of understanding workforce dynamics, skill requirements, and employment
trends. The study adopted a descriptive and analytical approach, utilizing data from industry
reports, surveys, and policy documents to assess the current state of the logistics workforce.
The findings revealed that the sector faces significant skill gaps, particularly in areas related
to digital technologies, automation, and advanced logistics operations. The study emphasized
that skilled labor plays a critical role in ensuring efficient cargo handling, smooth logistics
operations, and overall system productivity. Additionally, it highlighted the importance of
training programs, capacity building initiatives, and policy support in developing a competent
workforce. The research also pointed out that workforce inefficiencies can lead to delays,
errors, and reduced operational performance. This study is relevant to the present research as
it highlights the human dimension of cargo handling efficiency. These insights can be applied
to lighterage ports to improve workforce management, enhance productivity, and support the

adoption of modern cargo handling systems.

(Kraikovski, 2023) explored the maritime business and small shipping in the eighteenth-
century St. Petersburg. The researcher relied on a historical and analytical approach to
examine the trends in cargo flow and the working process based on shipping manifests, trade
lists, and documents. The findings showed that particularly in the areas with poor or
underdeveloped port facilities, the small-scale shipping such as lighterage operations played a
key role in the transportation of goods between the big ocean-going vessels and the inland
destinations. These systems enabled the flow of commodities to continue in spite of the
limitations of the infrastructure and provided operational flexibility and reduced reliance on
large port facilities. The degree of operational sophistication of these old lighterage systems
also featured clearly in the study when the authors emphasized the need to think in a
collaborative manner, flexible, and timely manner in ensuring efficiency of trade and
minimizing delays. Since it depicts the essential role of the lighterage type operations in

cargo management and port logistics, the study is highly relevant to the present study. The
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conclusions of the study can inform the modern lighterage port activity by emphasizing the
need to emphasize the flexibility of transfer systems, effective coordination of vessels and

coastal elements, and effective utilization of limited facilities.

(Reinecke, 2019) examined the history of the development of competition within the U.S.
network industries since 1970 with the purpose to comprehend the way the regulatory
reforms transformed the infrastructure sectors and enhanced the efficiency of the market. The
paper was of a historical and analytical approach where the alterations in the policies,
institutional changes and competition in the network based industries were studied. The
results were that the restructuring and liberalization policy increased efficiency, innovation
and minimized operational inefficiencies through competition. Also, the research has noted
that proper regulatory frameworks and institutional support are critical in facilitating
infrastructure modernization and technological development. The study is applicable in the
current study because the authors in this research have focused on the significance of

regulatory reforms and competitive structures in enhancing the efficiency of infrastructure.

(Wide, P., Kalahasthi, L., & Roso, 2023) investigated the efficiency gains of the availability
of information on the management of operational disruption in the hinterland freight
movement in ports. The primary objective of the study consisted in the evaluation of the
positive impact of improved digital cooperation and exchange of information on the
disruption management process and the overall effectiveness of logistics. The authors
adopted a simulation modeling method to analyse different information flow situations and
their impact on the transportation activities between seaports and hinterland terminals. The
findings indicated that real-time information can significantly improve the process of
decision-making, reduce delays, and maximize resource allocation during disruptions. To
help minimize inefficiencies and ensure a much smoother transportation of cargo, the study
also highlighted the role of digital connectivity among stakeholders, such as port authorities,
transport operators and logistics providers. Also, the paper has noted the role of proactive
information systems in ensuring total supply chain resilience and alleviating congestion. This
research will be relevant to the ongoing study since it suggests the importance of information-
based innovation in enhancing the logistic performance and the effectiveness of cargo

handling.

2.2 Theory of Reasoned Action
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The Theory of Reasoned Action describes interventions between attitudes and behavioral
intentions of individuals in decision-making and adoption of technologies. Applying this
theory to the port operations, it is possible to comprehend the acceptance and implementation

of digital technologies like automation and smart systems by the stakeholders.

(Szymanowska, B. B., Kozlowski, A., Dabrowski, J., & Klimek, 2023) studied the trend in
seaport innovation on the global level. With a comprehensive review-based study, the
research examined the model of innovation, legislative frameworks and global port practices
in leading maritime economies. The authors focused on such new changes as digitalization of
ports, automation of cargo handling systems, addition of artificial intelligence, blockchain to
create transparency in logistics, and the establishment of smart and eco-friendly ports. The
findings revealed that the necessity to enhance supply chain integration, reduce
environmental impact and enhance operational efficiency is influencing innovation in
seaports. The report also brought out the collaboration of governments, private companies
and port authorities to be innovative in a manner that accelerates the uptake of new
technologies. It also showed how real time data analytics and automated cargo handling
technologies can dramatically reduce delays, speed up cargo flow, and put resources to the
fullest use. This work provides an international outlook of the direct influence of innovation
on the port infrastructure and the efficiency of cargo handling and that is why it is incredibly
relevant to the present study. These port systems can be addressed with the highlighted
innovation trends to improve the operational performance and the efficiency of cargo

management despite the fact that they do not directly relate to the lighterage ports.

(Carlan, V., Sys, C., Vanelslander, T., & Roumboutsos, 2017) who focused on the
identification of the primary barriers and the enablers that influence the adoption of digital
innovation. The aim of the research was to understand the way ports are going digital and
what factors facilitate or hinder this transition. The researchers employed the qualitative type
of research, which involved conducting a case study and opinion of the stakeholders through
various maritime bodies and port authorities. The report has pointed out major digital
developments such as real time tracking of cargo, data sharing platforms, automation
technologies, and port community systems. The findings revealed that despite the fact that
digital innovation significantly enhances the operational efficiency, transparency, and
coordination in the process of handling cargo, this is often hindered by factors such as the

high investment losses, lack of standardization, resistance to change, and complex regulations.
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Nonetheless, good institutional support, stakeholder involvement, and open governance
frameworks were found to enable successful digital transformation. The research is relevant
to the existing studies since it demonstrates how digital technology can contribute to the
improvement of infrastructure operations and cargo management. These results can
particularly be useful in understanding how similar technologies can be applied in the

lighterage ports to enhance the overall performance and minimize operational bottlenecks.

(Yese, 2020) took the Tanzania Port Authority as one of the case studies and studied the
impact of containerized cargo handling technologies on the logistics performance. The
primary objective of the study was to ascertain the impact of containerization on the overall
logistics operations, turnaround time and efficiency of the port systems. The research
employed a case study design and utilized both primary and secondary data; the surveys,
interviews and operational performance records of the port authority. The findings revealed
that reducing the cargo dwell time and minimizing errors in handling cargo by reducing their
frequency and speed and improving the reliability of cargo delivery by containerized cargo
handling makes the port efficiency in a large number. It was also found that containerization
reduces a port area congestion as well as enhancing a supply chain coordination. Nevertheless,
factors such as poor infrastructure, low levels of technology support, and high initial cost of
development were observed to be a hindering factor. Since it specifically focuses on the
efficiency of the process of handling cargo, which is one of the main elements of the thesis,
this study is highly relevant to the present research. Lighterage ports can also be subjected to
its conclusions as in this case the adoption of more efficient cargo handling technologies can

enhance the level of operational productivity and logistics performance.

(Scaccianoce, 2016) reviewed innovation in port infrastructure in the example of the Port of
Gothenburg. The research was conducted through a case study approach which combines
both empirical findings of innovative strategies employed at the port with theoretical
reasoning. The research focused on several areas of innovation including organizational
improvements, technical advancements, and sustainability-oriented projects on port
infrastructure. The findings demonstrated that the combination of digital technology,
automation systems, and environmental friendly practices significantly increases the
effectiveness of operations and reduces the load on the environment. The importance of
governmental support, collaboration of stakeholders, and strategic planning in ensuring

innovation in port systems was also highlighted in the study. Innovation has been mentioned
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in ports to be well suited to handle increased volume of cargo and improve the quality of the
services. Due to the fact that it provides a complete understanding of the role of infrastructure
innovation in the effectiveness of the port operations, it makes this study relevant to the
present research. The gained knowledge may be applied to the improvement of the cargo
handling systems as well as operational efficiency in lighterage ports through the introduction
of the latest technologies and innovative infrastructural solutions, although it does not

specifically relate to the lighterage ports.

(Yau, K. L. A., Peng, S., Qadir, J., Low, Y. C., & Ling, 2020) examined the development
of smart port facilities via the adoption of information and communications technology (ICT).
The research method was an analytical and review-type one, focusing on several ICT
applications, such as automation systems in port settings, cloud computing, big data analytics,
and the Internet of Things (IoT). The authors highlighted the role of these technologies in
enhancing the process of decision-making in port operations, predictive analytics, and real-
time monitoring. The findings revealed that smart technology significantly enhances
effectiveness of cargo handling and reduces turnaround, and enhances collaboration between
port stakeholders. Another aspect brought out by the report was the efficiency of resources,
reduction of the cost of operations and transparency of logistics operations, which are
enhanced by solutions provided through ICT. However, there were also such problems as
insufficient standardization, high costs of implementation, and security threats to the
computer sphere. Infrastructure innovation is clearly related to port operating efficiency,

which makes this study highly relevant to the current research.

(Heikkili, M., Saarni, J., & Saurama, 2022) examined smart port innovation. The primary
aim of the study was to find new digital trends and assess their impact on the port
competitiveness and efficiency. The literature review and professional guidance of the
maritime industry supported the qualitative and explorative research method used by the
authors. The report has recognized valuable digital technologies that are influencing the
emergence of smart ports such as automation, blockchain, artificial intelligence, and
sophisticated data analytics. The findings revealed that digitalization significantly enhances
the efficiency of cargo handling by helping to track real-time, predictive maintenance, and
stakeholder cooperation. The paper has also shed light on the role of smart port technologies
in enhancing decision-making, reducing the cost of operation, and increasing transparency.

Nevertheless, challenges were identified such as high investment needs, security of data and
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integration problems. This research presents the direct impact of digital innovation on the
infrastructure, which has a direct influence on the efficiency of cargo handling, which makes

it highly relevant to the existing research.

(Belmoukari, B., Audy, J. F., & Forget, 2023) is a scientific literature review of the concept
of smart ports. To achieve a comprehensive account of the smart port development, the
systematic review method was used in the investigation with the purpose of delving more
profoundly into the scholarly articles. Among the fundamentals of smart ports which the
authors touched upon, one should mention the association of the Internet of Things (IoT),
analytics of big data, artificial intelligence, and automation into the port functioning. The
results indicated that operational efficiency is tremendous when there is a perfect distribution
of resources, real-time monitoring, and a better process of handling cargo by the use of these
technologies. The report also reported the advantages of smart port technologies in improving
coordination among stakeholders, decrease in turnaround time, and increase in transparency.
Nevertheless, there were also some issues like the high cost of implementation, data security
issues and inconsistency. The paper is very relevant to the current paper because it gives a
tangible connection between the performance of efficiency in cargo handling and innovation

in infrastructure.

(Hoekstra, 2021) examined the benefits of the new technologies in the competitive marine
logistics. The hypothetical and analytical method of the research was assisted by examples of
contemporary logistical processes and other situations examined on the sea on the defense
system. The author emphasized the role of the high-tech technology like automation, real-
time data networks, artificial intelligence, and high-tech communication networks to
stimulate the work of logistics. The result showed that the technologies have a considerable
beneficial effect on the efficiency of the cargo handling as it allowed reaching a better
coordination, quicker decision-making, and greater visibility throughout the supply chain.
The paper has also observed the importance of highly advanced technical systems to establish
resilience, in which ports and logistics networks can react well to the challenges in operations,
uncertainty, and disruption. It was found that improved situational awareness and predictive
capabilities enabled less time wastage and efficient utilization of the resource. This piece of
work is applicable to the current research because it outlines the significance of technology

innovation in terms of cargo and maritime logistics development.
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(Bett, D. K., Ali, 1., Gheith, M., & Eltawil, 2024) analyzed how the truck appointment
system optimization at the container terminal can be done using the discrete event simulation.
The study used a simulation approach to the research, which simulated operations at the
terminals using a dual transactions approach in which the movement of both the importing
and exporting trucks are put into consideration. The authors were able to assess how various
scheduling conditions affected the turn around time of trucks, queue length and terminal
throughput. It was found out that an effective truck appointment system would go a long way
in terms of minimizing waiting times, minimizing the traffic in the terminal gates and
improving the overall performance of the cargo handling process. Another aspect of the
analysis, which is also more precise, was the improvement in resource utilization and the
facilitation of cargo movement as a consequence of an improved partnership between the
terminal operator and the transportation stakeholders. The appointment systems structure will
also be more predictable and less uncertain in its operations as it was evidenced in the
simulation. The given study is directly aimed at discussing the efficiency of cargo handling

and logistics operations in ports, which is why it is highly relevant to the current research.

(Iwhiwhu, 2020) sought to establish how information and communication technology (ICT)
could enhance the efficiency of operations at Warri Port in Nigeria. The study adopted the
descriptive research method using secondary data and a research on the use of ICT in port
operations. The author highlighted relevant technologies facilitating flow of information
among stakeholders on real time basis such as digital communication platforms, port
management information systems, and electronic data interchange (EDI). The findings
revealed that the reduction of paperwork, reduction of delays and enhancement of
collaboration between port authorities, shipping agents and the logistics providers, ICT
application significantly enhances the effectiveness of the cargo processing. It has also been
indicated that ICT integration has made decision-making to be faster, more transparent, and
less traffic. However, there were other problems such as inadequate infrastructure,
inadequacy in technical expertise, and resistance to the development of technology. Since it
demonstrates how digital innovation in infrastructure can enhance the efficiency of the cargo
system and the port, in general, in this paper the study is highly relevant to the current

research.

(Min, 2022) has examined how a smart port architecture has developed in terms of Industry

4.0. The conceptual and analytical methodology of the study was based on the comprehensive
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analysis of the new technologies and their applications in the port operation. The main
elements of smart port architecture that the author discussed are the Internet of Things (IoT),
big data analytics, cloud computing, automation, and integrated information systems. The
findings revealed that cargo handling efficiency is significantly enhanced when these
technologies are used to permit real-time exchange of data, make predictions and allocate
resources effectively. The paper has also demonstrated the benefits of using smart port
frameworks to improve stakeholder collaboration, reduce delays and promote transparency in
their operations. Other challenges such as the high costs of investment, inability to
incorporate technology, and vulnerability to cybersecurity were also noted in the study. This
paper directly connects innovative infrastructure with efficient systems of cargo handling,

and it is a highly relevant work in the existing studies.

(Brunila, O. P., Kunnaala-Hyrkki, V., & Inkinen, 2021) that focused on the challenges in
the adoption and implementation of digital technology in the port operations. The primary
objective of the study was to find challenges that hinder the transition to smart and digitally
equipped ports. The authors applied the qualitative research technique, supported by the
stakeholder analysis in port settings and case studies. Among the key barriers, the research
singled out a high cost of implementation, absence of technical standards, aversion to change
in organizations, and digitally unskilled workforce. The issue of data sharing, cybersecurity
threats, and fragmented governance structures were also observed to be major challenges.
These findings indicated that although digitalization can significantly enhance coordination,
reduce operation delays, and speed up cargo processing, such benefits are often not fully
achieved due to the challenges as have been mentioned. To address these challenges, the
report emphasized the need to collaborate with stakeholders, have effective leadership and
clear digital projects. Due to the fact that it illuminates the real-life challenges in the process
of introducing innovation to port infrastructure, the research is highly relevant to this

investigation.

(Khoi, T. P. M., Chung, B. M., Phuoc, L. N. T., Van Tan, N., Le Vin, T., Van Do, T., &
Thao, 2024) examined how the latest surveying technologies are integrated into BIM-GIS
platforms into the process of developing port infrastructure. The research carried out a
technical and analytical methodology, and it focused on application of modern surveying
tools such as LiIDAR, remote sensing and geospatial data collection techniques together with

Geographic Information Systems (GIS) and Building information model (BIM). The
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outcomes revealed that the combination of these technologies significantly enhances the
precision of the infrastructure design, simplifies port layouts, and enables making successful
decisions during the development of a project. The research also revealed how the integration
of BIM-GIS enhances the coordination of the stakeholders, reduction of construction errors,
as well as the maximization of resource utilization. Moreover, the paper identified the
benefits of such a form of digital integration in the management of port facilities and their
maintenance planning. This paper demonstrates that technological innovation in the
development of infrastructure can enhance the efficiency of the total port and thus it is highly

relevant to the present research.

(Yildirim, 2023) examined the effects of the integration of the buffer stack systems and the
policy of the truck restriction time window on the decrease of the congestion and emission
levels at the Port of Izmir. The main aim of the research was to assess the possible effects of
operational and infrastructural strategies in enhancing the efficiency of ports and reducing
environmental effects. The study used a quantitative and simulation-based approach in which
different scenarios were examined based on the arrivals of the truck, the stacking of
containers, and the management of the yard. The results showed that buffer stacks are useful
in arranging container storage in a better manner and the time window restrictions are use to
control the arrival of trucks, which, in turn, minimizes the congestion at the terminal gates.
The result of this is a reduction in waiting time, the flow of cargo is better and less fuel is
used and emitted into the atmosphere. Also, the research revealed that this kind of strategies
can improve the use of the yard area as well as the logistics. The study has a strong topicality
with the current research because it shows how the operation innovation and infrastructure

development can contribute greatly to the efficiency of cargo handling.

(Jacobsson, S., & Lantz, 2024) analyzed China’s expanding role in Caribbean port
infrastructure development under the Maritime Silk Road Initiative, with the objective of
understanding the drivers and implications of such investments. The study adopted a
geopolitical and economic analytical approach, examining policy frameworks, investment
patterns, and regional trade dynamics. The findings revealed that China’s involvement in port
development is driven by strategic economic interests, including trade expansion, resource
access, and geopolitical influence. The study also highlighted that these investments
contribute to improved port infrastructure, increased cargo handling capacity, and enhanced

connectivity within the region. However, concerns such as debt dependency, sovereignty
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issues, and long-term economic implications were also identified. The research emphasized
the importance of balanced policy frameworks and transparent agreements to ensure
sustainable development. This study is relevant to the present research as it demonstrates how

large-scale infrastructure investments influence port performance and logistics efficiency.

(Addy, E., & Ansong, 2024) considered the impact of digitalization on the import clearance
process at the Tema Port of Ghana with the aim of determining the impacts of technology
enhancement on productivity and cargo handling. The study implemented a mixed-
methodology approach, which was a mix of quantitative analysis of the clearance time and
operational data with interviews of the stakeholders and the port officials. The findings
revealed that digitization significantly reduces paperwork and improves cargo tracking and
expedites the customs process, which increases port efficiency. Nevertheless, challenges like
the lack of training of the employees, system integration issues, and resistance to change were
discovered. To make the most out of the benefits of digitization, the study emphasized the
importance of constant capacity building, engagement of stakeholders and infrastructural
support. The research is relevant to the present research since it shows how technology can be
employed to enhance the efficiency of cargo handling in ports. These data can help the
lighterage ports to enhance operational productivity and ease operations as well as reduce

turnaround time.

(LOUKILI, A., & ELHAQ, 2018) suggested a model, in which a smart approach is
integrated to assist in the national port strategy, with a vision of 2030. The paper was
strategic and systems-oriented, integrating the technological frameworks, logistics planning
and operational modeling to consider how smart solutions can be used to improve port
effectiveness, cargo management and competitiveness in general. The results indicated that
digital technologies combined to help to track cargo in real-time, automated cargo handling
systems, and predictive analytics will help to make decisions more efficiently, redistribute
resources more efficiently, and minimize operational delays. Also, the research noted that
making smart infrastructure initiatives consistent with national port strategies is a sure way of
ensuring coherence in development, facilitating sustainable growth, and enhancing the
capacity of the port to meet dynamic trade needs. The study has focused on emphasizing that
the implementation process must be coordinated by the stakeholders, digital infrastructure
should be invested to ensure that the personnel are trained to maximize the benefits of smart

technologies. This research would be useful to the current study because it demonstrates how
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technological innovation has the potential to enhance efficiency in the handling of cargo and
operations in the ports. The lessons learned in this work can be used in lighterage ports
through the adoption of smart systems, the improvement of workflow management, the
minimization of bottlenecks, and the strategic development of port infrastructure in

accordance with the future needs of trade and logistics to become efficient.

(Rajabi, A., Saryazdi, A. K., Belfkih, A., & Duvallet, 2018) investigated how smart ports
could be developed with the help of the Automatic Identification System (AIS) data that
could be used to optimize port functions, shipments, and the management of maritime traffic.
The research was data-driven and analytical, as it used AIS data to track the movements of
vessels, forecast their arrival time, and optimize their berth allocation to enhance the
efficiency of the operations. It was found out that real-time data integration helps ports to
coordinate ship traffic in a better way, reduce congestion, and simplify the process of cargo
handling, thus the turnaround time is reduced and resources are used more efficiently.
Another critical observation made in the study is that smart port solutions demand a strong
ICT infrastructure, analytics, and cooperation with the stakeholders to maximize the
advantages of real-time monitoring. Also, the study highlighted that predictive analytics and
dynamic scheduling may assist ports in forecasting operational bottlenecks, improving their
safety, and reducing delays during the cargo transfer. The given research is very applicable to
the current research because it illustrates how digital innovation and smart use of data can
streamline the work of lighterage ports where the coordination of vessels and infrastructure

on the shore is a critical issue.
2.3 Human Society Theory

The Human Society Theory is centered on interplay of human social, economic and
environmental in the development aspect. It describes how human behavior, labor
interactions, legal regulations, and sustainability issues can affect port performance and

growth in the long term in port systems.

(Vaca-Cabrero, J., Dominguez Rastrojo, J., Gonzalez-Cancelas, N., & Camarero-Orive,
2025) The overall aim of the study was to evaluate the impact of managerial and
technological improvement on the sustainability of ports in the long term, the performance of
ports, and their environmental performance. The approach adopted by the authors was a case

study that was complemented with policy review, secondary data analysis and sustainability
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performance indicators of various major ports in Spain. The paper has focused on the
amalgamation of digital monitoring systems, smart technologies, and the green infrastructure
project such as the utilization of renewable energy, emission reduction programs, and proper
resource management. These findings indicated that innovation significantly enhances the
efficiency of the port in terms of reducing turnaround, maximizing cargo flow, and reducing
the environmental impact. It also brought out the importance of stakeholder collaboration and
governance system in the successful implementation of new methods. The paper
demonstrates the direction of innovation in infrastructure in the context of directly
influencing the cost-efficiency and sustainability of port systems, which makes it highly

relevant to the contemporary research.

(Cheng, Z., Gong, L., & Li, 2020) researched the operational processes of the cruise
terminals as a subset of more generic port design approaches and management methods. The
research applied the conceptual and descriptive methodology, which was supported by the
real-life knowledge and design frameworks related to terminal management and cruise port
infrastructure. Some of the stages of terminal operations that the writers detailed included
passenger handling, baggage processing, vessel servicing and stakeholder coordination. The
paper emphasized the importance of implementing a good process design, infrastructure
planning and integrating technologies to ensure smooth flow of operations, although focus
may be on cruise terminals. The findings were that in case the terminal procedures are well
structured, their operational efficiency and reduction of congestion will be significantly
enhanced by the support of digital technologies and effective coordination mechanisms. The
paper also identified the significance of infrastructure design in order to optimize throughput
and service quality. The fact that it provides informative details regarding the process
optimization and infrastructure performance in port environment makes this study relevant to

the ongoing study.

(Blazich, 2021) explored the idea that the Anglo-American amphibious operations of the
invasion of the German-occupied Europe were successful thanks to the lightening of naval
vessels. The overall aim of the study was to investigate the operations and technological
developments that ensured successful man and cargo transportation in challenging coast
conditions in the light systems of operation. The research utilized historical and analytical
approach based on the usage of World War II documents and analysis and analysis of cases.

Without the clear existence of a well-developed port infrastructure, the study paid a lot of
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attention to the development of specific landing crafts, floating platforms, and modular
technologies of cargo handling that enabled the transfer of the commodities between the ship
and the shore in an efficient manner. The findings indicated that innovation in lighterage
systems was necessary to be effective in the circumstances of limited assurance of logistical
efficiency, rapid deployment, and operational success. The paper also emphasized the
importance of collaboration, engineering innovativeness and flexibility as some of the key

factors that have facilitated the accommodation of infrastructure limitations.

(Sadiq, M., Ali, S. W, Terriche, Y., Mutarraf, M. U., Hassan, M. A., Hamid, K., ... &
Guerrero, 2021) concentrated on the new infrastructure, the problems connected with it and
the energy-saving measures to implement in the functioning of ports in a sustainable way.
The overall aim of the research was to examine how the development of technologies and the
modern infrastructure allows the port to be more effective and minimizes their impact on the
environment. The authors utilized a rather extensive review technique according to which
they analyzed the literature on energy-efficient technologies, integration of renewable energy
sources, and green ports. The report also pointed out the key advances such as energy
management systems, integration of smart grids, electrification of port equipment and
utilization of renewable energy sources. The results indicated that green infrastructure
adoption has an implication of operational efficiency with regards to efficient management of
resource and optimal use of energy in addition to minimization of carbon emission. However,
the difficulties were also pointed out and these included high start-up expenses, advanced
technology and legal restrictions. The paper has connected infrastructure innovation to
sustainability and efficiency in port operation, hence making it quite applicable to the modern

research.

(Witte, P., Slack, B., Keesman, M., Jugie, J. H., & Wiegmans, 2018) used a comparative
case study of Rotterdam and Montreal to investigate the implementation of the role of port-
city innovation ecosystems to facilitate start-ups. The aim of the research was to know the
way in which the innovation environment in port areas leads to entrepreneurship and fosters
port development. The authors used the qualitative case study method that included the
interviews, policy analysis, and ecosystem map to measure the relationship between port
authorities, companies, and innovation hubs. The paper has explained that effective
cooperation among different stakeholders, availability of infrastructures, and positive

governance structures should be used to promote an innovation-led development. The results
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it showed me were that start-ups are the ones that bring the innovative technologies, digital
solutions and process improvement that will improve the port competitiveness and efficiency
to a vast level. Also, as it was revealed, innovation ecosystems lead to the improvement of
logistical performance and the expedited deployment of a smart technology. The study is
applicable to the existing literature as it highlights the subtopics of institutional support and
joint generative development in the optimization of port infrastructure and performance with

respect to functionality.

(Usman, M., Khan, N., & Omri, 2024) ecxamined the interactions of the environmental
policy strictness, information and communication technology (ICT), and technical innovation
as a means to attain sustainable development. The study employed empirical research
approach relying on panel data analysis in various countries in order to determine the
relationship between policy systems, technological development, and environmental
sustainability. The findings indicated that highly environmental regulations can so
significantly promote technological innovation and improve environmental performance
provided that they are supported by well-developed governance and the state-of-the-art ICT
infrastructure. The research also revealed the effectiveness of ICT in enhancing sustainability
and efficiency in most industries where the level of infrastructure development is high. The
study indicates that, with the support of governance and regulatory framework, innovation
leads to increased operational efficiency, reduced emissions and maximum use of resources.
The research is relevant to the current research due to the fact that it provides a deeper insight
into how infrastructure and technological innovation can help sustainability and efficiency.
Good governance, integration of ICT and innovative infrastructure can enhance efficiency of
cargo handling and facilitate operations at port systems in an environmentally sustainable

mode, including lighterage ports.

(Inyang, 2020) conducted a study on the origin of maritime cabotage laws in Nigeria and its
effects on the future of maritime trade. The study employed a doctrinal and analytical
research method in undertaking the study since it focused on analyzing a policy and
reviewing the cabotage regime in Nigeria. The findings revealed that cabotage regulations are
necessary to enhance national maritime potentials, protect the local shipping industries, and
promote local involvement. It was also revealed that an effective implementation of such
laws can lead to improved port utilization, enhancement of coordination of maritime

activities along the coast, and improved economic performance. But challenges to achieving
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the full benefits of cabotage legislation were identified, such as lax enforcement and
inadequate infrastructure and slow adoption of technology. The relevance of the study to the
existing studies can be explained by its focus on the importance of governance and regulatory
frameworks in the regulation of port operations and maritime logistics. The observations are
particularly applicable in lighterage ports where the infrastructure and favorable policies are
possible to enhance domestic shipping activities, make it more efficient to handle cargo, and

promote marine development overall.

(Bellini, N., & Pasquinelli, 2015) explored the concept of soft infrastructure of innovation
systems with a particular focus on the notion that places can be governed and branded to
facilitate innovation, such as port regions. The key aim of the study was to understand the
role of intangible factors such as reputation, knowledge networks, institutional support, and
stakeholder engagement in the innovation-led development. The examples of innovation-
driven regions and theoretical concepts helped to support the conceptual approach of the
authors. The research was able to clarify the fact that such aspects as communication,
branding, trust, and good governance also significantly influence the success of innovation
ecosystems besides physical infrastructure. According to the study, strong soft infrastructure
enhances the attractiveness of a region to investment, stakeholders, and accelerates the
process of adopting new technology. Also, it was found that place branding was an important
success requiring areas to be branded as hubs of innovation. This research is relevant to the
ongoing research since it emphasizes the role of the institutional and cooperative frameworks

besides the physical infrastructure in enabling port operations.

(Saswat, S. S., Seetharaman, A., Maddulety, K., & Bakhshi, 2024) on the implementation
of sustainability in seaport infrastructure. To gather the body of knowledge regarding the
topic of green infrastructure and sustainable port operations, the study incorporated a
structured review method and analyzed various scholarly and commercial sources. Some of
the key sustainability provisions highlighted by the writers included waste management
systems, eco-friendly technology in cargo handling, energy-efficient infrastructure and use of
renewable sources of energy. The findings indicated that sustainable practices do not only
reduce the effects on the environment, but also enhance operational efficiency as a result of
having better process management and resource optimization. To effectively execute
sustainable practices, the research also emphasized the importance of legislative systems,

collaboration of the stakeholders, and technological progress. Essentials such as technological
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barriers, high cost of capital investment, and regulatory restrictions were also cited as being

problematic. .

(Khan, U., Wang, S., Qin, Z., Salik, M., & Ghani, 2025) examined the role of governance
and green finance in promoting sustainable development of natural resources. The primary
aim of the study was to analyze the impact of financial mechanisms and financial governance
structures on the implementation of sustainable technology and infrastructure development.
In order to evaluate the relationship between green finance, innovation and infrastructure
efficiency the authors employed the panel data analysis and empirical study methodology.
The findings revealed that infrastructure modernization and technological innovation are
highly encouraged by the availability of green finance and good regulatory systems, which
leads to high levels of operational efficiency and environmental sustainability. The paper also
demonstrated how the investment in sustainable infrastructure enhances the optimization of
resources and reduces the environmental footprint. However, there were other problems such
as the budget constraints, lack of uniformity of policies and structural flaws. Since it
emphasizes the importance of financial and governance assistance in stimulating innovation
and efficiency in infrastructures, this research is relevant to the present research. The same
may be transferred to the port systems including the lighterage ports where the
implementation of the state-of-the-art cargo handling systems and sustainable development of

infrastructure can be supported by the green funding and effective governance.

(Edbais, A., & Hossain, 2024) examined the future intention of Kuwait to execute
Sustainable Development Goal 9 (Industry, Innovation, and Infrastructure). The policy-
oriented and analytical study methodology was supported by an evaluation of national plans,
sustainability frameworks and the development indicators. To achieve long-term economic
and environmental objectives, the writers highlighted the importance of integrating
innovation, digital technology and sustainable infrastructure. The findings indicated that
investment in high-tech technology, constructing resilient infrastructures, and the existence of
strong institutional structures are significant in achieving SDG 9. Another focus of the study
was the accelerated change in the use of innovations and infrastructure modernization that
can be propelled by the governance systems and public-private partnerships. Other problems
such as financial constraints, regulatory deficiencies and technology preparedness were
observed. The study is also relevant to the present research due to its focus on the importance

of the infrastructure development based on innovation to achieve sustainability and efficiency.
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(Almutairi, A., Collier, Z. A., Hendrickson, D., Palma-Oliveira, J. M., Polmateer, T. L.,
& Lambert, 2025) examined the scenarios of disruptions and stakeholder mapping to
understand the impact of different actors and potential hazards on the port activities. A
quantitative and analytical methodology was employed in the study, in which the port system
risks were evaluated based on the concept of stakeholder mapping and scenario analysis. To
cope with the challenges such as natural disasters, equipment malfunctions, and the collapse
of supply chains, the authors have found such key stakeholders as port authorities, shipping
companies, logistics companies, and the government. The findings demonstrated that
effective coordination and communication among stakeholders significantly increase the
ability of ports to handle disruptions and maintain a continuity in operations. The research
demonstrated also that proactive risk assessment and scenario planning enhance decision-
making and reduce the effect uncertainty to have on logistics and cargo handling activities.
The paper has emphasized that resilience-oriented port infrastructure and governance systems
are the key to ensuring effective performance of ports. Since it emphasizes the importance of
risk management and stakeholder integration in ensuring the successful operation of cargo

handling systems, the study is highly relevant in the ongoing study.

(Iwhiwhu, 2020) explored how Information and Communication Technology (ICT) can be
used to improve operational efficiency at the Warri Port in Nigeria, aiming at determining
how digital devices can be used to improve the performance and service delivery of the port.
The research method that was used in the study was descriptive research based on secondary
data and evaluating the ICT applications in port operations. Some of the important
technologies that the author noted are the electronic data interchange (EDI), port management
information systems, and digital communication platforms that help in the seamless flow of
information between the stakeholders. The results showed that the use of ICT has a great
impact on enhancing the efficiency of cargo processing due to a decrease in the number of
papers, the number of delays, and the improvement of communication between port
authorities, shipping agents, and logistics operators. Also, integration of ICT was observed to
enhance transparency, congestion, and speedy and informed decision making. Nevertheless,
the paper has also cited issues like poor technological facilities, lack of technical know-how
and change resistance as being problems to successful implementation. The study is very
relevant to the current research because it reveals the value of digital innovation in

infrastructure in the improvement of cargo handling system and port efficiency.
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(Hasan, A. M., Chowdhury, M. M. A., & Islam, 2025) is a critical analysis of the legal
frameworks used in the carriage of goods by sea in Bangladesh and Tiirkiye to get insights
into how these two countries have been effective in ensuring that maritime commerce has
been facilitated. The main issue behind the research was to investigate the sufficiency,
uniformity, and application of maritime laws in promoting effective transportation of cargo.
These authors took the methodology of a doctrinal legal research where they studied the
international conventions as well as the national legal systems. The results showed that legal
inconsistencies in domestic regulations and international norms, and the ineffective
enforcement systems, may impose legal ambiguities and negatively affect a seamless cargo
operation. The research highlighted the significance of aligning the legal provisions and
enhancing regulatory bodies to guarantee effective dispute proper settlement and enhanced
logistics delivery. It further emphasized that transparent and coherent legal frameworks help
in enhancing the coordination of the shipping stakeholders and improve confidence in the
maritime activities. This work is applicable to the current study since it highlights the role of

governance and legal framework in the effective operation of cargo handling systems.

(Lista, 2020) explored the use of the European Union competition regulations on the marine
industry to get the perspective on how regulations impact competitions, innovations, and
efficiency in the marine industry. The research was conducted with a legal/analytical
perspective, paying attention to the competition laws of EU and the ways how they apply to
ports, shipping companies and logistics operators. The results found out that efficient
competition policies are very essential in ensuring efficiency by discouraging monopolistic
market behavior and allowing fair participation in the market. Also, the research has pointed
out that a competitive setting leads to investment in infrastructure, technological development
and advancement of quality of services in the port industry. The study also highlighted that
regulation control provides transparency and accountability, which are critical in the effective
running of ports. The paper is applicable to the current study because it shows the relevance

of regulatory frameworks in enhancing innovation and efficiency of cargo management.

(Aiman, 2025) studied the development of the legal system of Bangladesh toward managing
oil spills due to vessels over a decade since the Sundarbans oil spill, the aim was to determine
the progress that could be made regarding the environmental governance and regulation of
maritime. The paper employed a legal and policy analysis methodology by evaluating

changes in laws, regulation, and institutional reaction. The results showed that despite the
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great advancement achieved in enhancement of environmental regulations and response
frameworks, there are still challenges that include loopholes in enforcement, institutional
alignment and scarcity of resources. The research highlighted the significance of strong legal
frameworks and preparedness structures in addressing the risks on the environment and
providing sustainable maritime activities. This study can be applied in the current study since
it emphasizes the importance of environmental rules in port operations and infrastructure
development. These lessons can be implemented in the light weight ports to enhance the

practice of environmental management and to have sustainable cargo handling systems.

(Iliffe, 2023) the researcher explored the group con sciousness among dockworkers in Dar Es
Salaem 1929-1950 with the aim of knowing how labor was organized and how the social
context influenced the work environment in ports. The researchers have taken a historical and
socio-economic approach whereby the past written documents and labor history are analyzed
regarding the development of the collective identity of port workers. The results showed that
collective working conditions, financial struggles, and the organization led to the
development of the organized labor movements. Also, the paper has emphasized the
significance of workforce dynamics in influencing port operations and productivity. Though
it is a historical study, it can be applied to the current research because the focus is on the
human and organizational factors of port efficiency. These studies can be used in lightening
ports to learn how coordination of labor, workforce and institutional support could contribute

to improving the efficiency of cargo handling and its operational performance.

(Ghosh, M., Huzeyfe, T., Amrit, C., Kuiper, A., van Capelleveen, G., & de Jongh, 2025)
examined truck congestion in landside air cargo processes, aiming to model and analyze the
factors contributing to inefficiencies in cargo transportation systems. The study adopted a
data-driven and analytical methodology, using simulation models and mathematical
frameworks to evaluate congestion patterns and operational bottlenecks. The authors
identified key contributing factors such as uncoordinated truck arrivals, inadequate
infrastructure capacity, inefficient scheduling systems, and lack of real-time information
sharing. The findings revealed that congestion leads to increased waiting times, reduced
cargo handling efficiency, and higher operational costs. The study further demonstrated that
the implementation of optimized scheduling systems, real-time data integration, and
improved infrastructure planning can significantly reduce congestion and enhance cargo flow

efficiency. Additionally, the research emphasized the importance of coordination among
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stakeholders to ensure smoother logistics operations. This study is relevant to the present
research as it highlights the critical role of landside logistics management in improving cargo
handling efficiency. These insights can be extended to lighterage ports, where effective
scheduling, infrastructure optimization, and digital coordination can minimize delays and

improve overall operational performance.

(Bose, S., Banerjee, S., & Basu Ray Chaudhury, 2024) analyzed the BIMSTEC master
plan for transport connectivity, focusing on regional infrastructure integration and its impact
on trade and logistics efficiency. The study adopted a policy-oriented and analytical approach,
reviewing existing connectivity frameworks, transport corridors, and strategic initiatives
across BIMSTEC member countries. The findings revealed that improved multimodal
connectivity, including road, rail, maritime, and inland waterways, significantly enhances
trade efficiency by reducing transportation time and logistics costs. The study also
highlighted the importance of coordinated infrastructure planning, regional cooperation, and
policy alignment in achieving seamless connectivity. Furthermore, the research emphasized
that efficient transport networks facilitate smoother cargo movement, improve supply chain
reliability, and support economic development. Challenges such as funding constraints,
regulatory differences, and infrastructure gaps were also identified. This study is relevant to
the present research as it underscores the importance of connectivity in enhancing cargo
handling efficiency. These insights can be applied to lighterage ports, where improved
integration with regional transport networks can optimize cargo flow, reduce delays, and

enhance overall logistics performance.

(Macdonald, 2020) analysed the logistics and supply chain of the British Army in the World
War II. To explore the issue of cargo handling, transportation coordination and infrastructure
management, the research employed an historical and analytical approach, which involved
the analysis of military reports, operation schemes and logistical forms. The findings
demonstrated that prompt and reliable supply delivery to the frontlines relied on efficient
cargo management systems, proper coordination of the transport network, and proper
development of the infrastructures. The necessity of innovation in the logistics also featured
in the report such as application of integrated supply chain management strategies, which
reduced bottlenecks and enhanced operational efficiency, standardized packing and storage
techniques, and modular transporting mechanisms. Also, it noted the significance of freedom

and proactive planning in assisting the military to get round resource constraints, unexpected
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operational challenges, and infrastructural constraints. This paper is highly relevant to the
present study as it provides a valuable information on how to streamline the management of
logistics and freight within limited and evolving settings. Through the application of these
concepts in the lightage ports, the coordination of operations, movement of the commodities,
turn-around times, and resource utilization can be enhanced, which in the end results in more

resilient and efficient port operations even under the challenging conditions.

(Kouspos, A. A., Panayides, P. M., & Tsouknidis, 2023) investigated the relationship
between financial performance and technical innovation in shipping companies. As a
quantitative research method, the study utilized financial and operational data of shipping
businesses to evaluate the impact of improvement of technology. The findings revealed that
firms which invest in innovation (automation, digital technology, and advanced vessel
systems) were more likely to perform better financially and with improved efficiency. The
research has also revealed the benefit of innovation in enhancing the decision-making process,
reducing the operating expenses and increasing the services quality. The study notes that high
initial investment prices and technology issues can also act as an impediment. This research
is highly relevant to the given study as it depicts the economic benefit of innovation in sea
activities. To become more productive and financially successful, these insights can help the
lighterage ports invest in the development of the most modern infrastructure and cargo

handling systems.

(Nwogu, K. C., & Erema, 2022) examined the adverse impacts of the absence of the
admiralty interim remedy, such as the ship arrest. The researcher employed a legal and
analytical approach, and the focus was on court proceedings and the marine law. The findings
revealed that poor legal solutions lead to inefficiency in the marine operations, reduced
responsibility, and time wastage in dispute resolution. It was also made clear in the report that
poor legislations may discourage investments and negatively impact on the effectiveness of
the maritime industry. The paper has emphasized the importance of sound legal frameworks
in promoting equity, effectiveness, and smooth running of marine operations. The study is
relevant to previous studies since it highlights the role played by legal infrastructure in
enhancing efficient cargo handling systems and port operations. These data can be applied by
lighterage ports to enhance regulatory frameworks, enhance dispute resolution procedures

and ensure more efficient operating procedures.
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(Kennedy, 2021) explored how the Chinese Marine Corps is evolving according to the
Chinese Maritime Report No. 15 so as to understand its strategic significance in future cross-
strait military operations. The research investigated operational doctrine, military
reorganization and capability development by applying a defense and strategic analyst
approach. It was found that the Chinese Marine Corps has been modernized a great deal, it
has grown in size, mobility, and amphibious warfare capabilities. It is also located as a rapid
response unit, which can conduct a complex seaborne operation, including taking over islands
and amphibious attacks in case of a Taiwan contingency. The introduction of the latest
technologies, the enhancement of the logistics support systems, and the improved
coordination with the air and naval forces were all identified in the report. It also highlighted
the importance of marine infrastructure including ports and supply centers in supporting
large-scale military operations. Due to the fact that it indirectly induces the strategic
importance of efficient port operations and the maritime logistics systems, this study is
relevant to the ongoing study. The conclusions in the analysis can be applied in
understanding how robust infrastructure, efficient cargo control, and effective logistics
networks promote commercial performance as well as more broad strategic and operational

resilience in the maritime environment.

(Schroeder, 2022) analyzed the problem of quarantine procedures and population health in
New York of the antebellum period. The research was historical and analytical in nature; it
focused on the use and impact of quarantine systems in major port facilities on historical
sources, policy papers, and archival records. The findings revealed that quarantine measures
often led to delays, increased costs, and operational inefficiency in the marine trade and cargo
operations processes although they were paramount in the elimination of transmission of
contagious diseases. Another issue that was raised in the study was tensions that exist
between the local communities, business stakeholders and the public health authorities as the
enforcement of quarantine is even perceived to be discriminative or dictatorial. The paper
also pointed out the role of bad coordination and absence of standard operating procedures in
ensuring that uncertainty and inefficiencies in the operations of the ports were realized. This
work is relevant to the investigation that is conducted now since it highlights the influence of
external regulatory and health-related issues on the efficiency of cargo handling. The same
observations may be utilized in present-day port systems including lighterage operations

where the health and safety procedures have to be effectively planned, coordinated, and
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integrated to ensure efficient cargo flow and maintain the security of the health of the

population.

(Wilson, 2025) examined the relationships between law, war and sovereignty in the littoral
regions of pre-colonial and colonial Ghana. To explore the history of establishing the coastal
authority, the historical and legal analytical approach was employed in the study, involving
the use of historical accounts, colonial documents and archives. The findings indicated that
the control of the shore was the key to controlling the port access, regulating the trade, and
gaining the political superiority. The success and sustainability of the marine activities were
influenced by the constant conflict between the indigenous power and the colonial powers on
who owns the land, the resources, and the authority to trade. The paper also demonstrated that
duplication of jurisdictions and fragmented legal frameworks led to the uneven rulings in
governing, which obstructed effective port management and the transfer of cargo. Another
issue that was raised by the study is the importance of clear legal frameworks and
coordinated governance in ensuring the success of maritime trading systems. This study is
timely to the existing research because it focuses on the impacts of governance and the legal
frameworks on the efficiency of ports and cargo handling operations. Such observations can
be applied in the ports of lighterage to ensure the more effective and free of conflict maritime
logistic processes, enhance regulatory transparency and enhance the coordination between the

authorities.

(Tsiulin, S., & Reinau, 2022) Focusing on the developments in cargo management and
optimization of port services, deserve attention. The research applied an analytical and review
approach, examining the current studies, developments in technology and sustainable
practices applied in international ports. The findings revealed that the operation of the diesel
machinery, inefficient logistical process, and traffic jam contribute to cargo handling
processes as a major cause of emissions. The paper has found that several innovative options,
which include: electrifying cargo handling equipment, adoption of automated processes, use
of renewable energy, and implementation of intelligent port technologies, including digital
tracking and real-time data management, are applicable. It was also noted that improved
scheduling, shorter idles, and greater stakeholder synchrony would contribute to the reduction
of emissions as well. Other problems mentioned in the study included regulatory support
requirements, high cost of investment and technological hurdles. This study is highly relevant

to the up-to-date research because it links environmental sustainability with efficient cargo
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handling. The data can help lighterage ports to enhance overall logistics performance, with
the optimization of operations, cleaner technology, and the reduction of their environmental

impact.

(Masuruli, 2020) discussed the factors that affect the management of the port infrastructure
asset maintenance in Tanzania in a bid to identify the primary barriers to effective
maintenance processes. The study collected data through the analysis of maintenance records,
interviews and surveys using a descriptive research methodology. The findings indicated that
inadequate budget, lack of skilled employees, improper planning and absence of preventive
maintenance methods are the leading causes of the degradation of the port infrastructure. It
was also found that due to poor maintenance management, equipment fails and this reduces
their operating capacity and increases delays in handling cargo. To enhance the reliability of
infrastructure, the study identified the need to build capacity, adopt new technology, and plan
the maintenance methodically. The importance of port maintenance infrastructure in
managing the process of cargo handling is highlighted in this study, and that is why it is
highly relevant to the current research. With the insights, lighterage ports can be ensured by
introducing proper maintenance of facilities and equipment, therefore, enhancing productivity

and reducing disruption to operations.

(McCarthy, 2020) To understand how the infrastructures, revenue structures, and
governance methods of the nineteenth-century Cork Harbour Commissioners operated,
explored the topic to understand the techniques of port management that were used in the past.
The analytical approach that the study followed was historical and in which it examined the
growth of port management and infrastructure through financial data and archives. The
findings revealed that to sustain port operations and encourage trade, there should have been
effective governance systems, prudent investment in infrastructures, and effective revenue
management. The problems that were highlighted by the study include such aspects as
financial constraints, poor management, and evolving trade expectations. It also highlighted
the importance of creating a balance between the interests of the people and the business
objectives. The given research is relevant to the ongoing research as it illuminates the role of
infrastructure and government on the efficiency of ports. The ports Lighterage can utilize
these lessons to enhance the cargo handling processes, ensure sustainable revenue generation,

and enhance management processes.
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(Hasan, A. M., Chowdhury, M. M. A., & Islam, 2025) made a comparative study of the
two countries, Bangladesh and Turkey, with the aim of critically examining the legal
frameworks of the two countries concerning the transport of goods using sea transport. The
research studied national and international maritime commerce laws by employing a
comparative method of law. The findings revealed that ineffectiveness, delays, and
disagreements in freight transportation may arise due to non-consistency of the legal
provisions, lack of harmonisation with international standards and inefficiencies in the
enforcement processes. In order to ensure smooth maritime practices, this research
highlighted the importance of adopting uniformity of legislation and enhancing regulatory
bodies. It also highlighted the importance of having clarity in the law in protecting the
interests of the stakeholders and making trade more efficient. Since it focuses on the
importance of legal frameworks in handling the cargo and maritime logistics, the study is
relevant to the ongoing investigation. These information can be used by lighterage ports to
enhance the effectiveness of their operations, reduce conflicts, and enhance regulatory

compliance.

(Atakorah, 2022) examined the impact of urban sprawl on the sustainability of the Sekondi -
Takoradi Metropolitan Area in order to understand how urban sprawl affects the
infrastructure and environmental conditions. The study employed geographic and
demographic data to conduct an analytical and geographical research approach that
determined the trends in urban growth and their impact. These findings demonstrated that
inefficient land use, transportation congestion, environmental degradation and increased
pressure of infrastructure are all effects of unplanned and fast urbanization. The report claims
that such challenges may negatively impact the port operations, limiting the accessibility,
increasing the transit time, and reducing the efficiency of the logistics. To successfully
address the concept of urban growth, it also emphasized on the need of coordinated urban
planning, sustainable development of infrastructure and governmental interventions. This
study is relevant to the present inquiry, due to the fact that it shows the indirect impact of
urban development on the efficiency of ports. These data can be used by lighterage ports to

improve connection, facilitate traffic, and achieve sustainable logistics activities.

(Pauwels, 2020) has reviewed audio-visual efforts of predicting the city in smart city
narratives, which highlights the role of the perception of the city infrastructure in the

discourse of technology, urban planning, and views of the future. To evaluate assumptions
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about technical efficiency, connection and urban growth, the research adopted a qualitative,
media-analytical approach, examining the smart city projects and narratives. The findings
indicated that the narrative of smart cities often ignores other challenges such as social equity,
environmental viability, and other practical challenges in implementing the digital
infrastructure, data-driven decision-making process, and efficient service delivery. The
research clarified the ability of the narratives to influence expectations of the populace
regarding port-city integration and urban logistics and infrastructure investment and policy-
making. This research is relevant in the present study since it focuses on the importance of
integrating technology, infrastructure design, and stakeholder perspectives in the activities of
the port. The data can assist the lighterage ports to adopt smart infrastructural plans that
enhance the efficiency of cargo management without necessarily compromising the port and

urban developments.

(Densberger, N. L., & Bachkar, 2022) examined ways through which the adoption of zero-
emission cargo handling technology in California ports especially in Ports of Long Beach and
Los Angeles will be expedited. This research paper discussed the aspects of technical
development, the trends of stakeholder adoption, and regulations on the environment by the
means of a case study and empirical research. The findings demonstrated that the transition to
sustainable cargo handling requires coordinated state assistance, integration with smart port
systems, and investments in automated and electric devices. Challenges such as capital cost,
infrastructure limitations as well as regulatory barriers were the major barriers. To make
adoption effective, the study has emphasized the need to adopt the plans of implementation,
government incentives, and stakeholder involvement in a gradual manner. This study is
relevant to the ongoing research due to the fact that it relates technical innovation to
operational effectiveness and environmental sustainability. The experience that might be
obtained in this effort can be applied by lighterage ports so that the overall logistics
performance is enhanced, so that the number of emissions is reduced, and so that greener

solutions to the use of cargo handling can be implemented.

(Will, 2022) explored the concept of forced innovation and missed opportunities of the
Daoguang period in China. The research adopted the historical and analytical approach that
involved reviewing of historical documents and archives with the aim of determining the
factors that either favored or obstructed the process of innovation. The findings revealed that

the inflexibility of the institution, scarcity of resources, and deficiency of strategic vision
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often led to missed opportunities to become more efficient and improve operations, although
there were external forces accelerating the introduction of new technologies. The research
noted that it is paramount to align innovation with situational demands and appropriate
infrastructure planning in order to achieve the benefits. Since it provides historical
backgrounds of the challenges of embracing innovation in constrained conditions, this
research is relevant to the present investigation. These lessons can be applied during
lighterage ports to develop resilient and flexible infrastructure and cargo handling

mechanisms that effectively meet operational demands.

(Alamoush AS, Olger AI, 2020) have discussed how ports can facilitate shipping
decarbonization using a generic port incentive plan that will lead to the decrease of
greenhouse gas (GHG) emissions. This paper has taken a policy-analytical and modeling
method and suggested the effectiveness of the coordination of incentives among various ports
in motivating shipping companies to implement cleaner technologies and operations. The
results showed that ports play a very important role in promoting environmental sustainability
through such schemes of incentives like subsidies of port fees, preference of berthing and
low-emission ships. Not only do such measures help reduce global decarbonization targets,
but enhanced operational efficiency, through the encouragement of predictable vessel
behavior and reduced congestion due to slow or sluggish ship movements. The analysis
further highlighted that building a moderate incentive framework between ports can enhance
the effect of decarbonization efforts, which can promote a partnership between port
authorities and shipping companies and policymakers. The study is applicable to the current
research since it correlates port-level innovation and planning of infrastructure with wider
impacts on operational efficiency and sustainability. The information gained during this
research could be used in lighterage ports to apply the idea of using incentives to encourage
cleaner cargo handling activities, better ship schedule, less emission, and increase the overall

logistics processes and help it meet environmental and regulatory requirements.

(Paulauskas, V., Filina-Dawidowicz, L., Paulauskas, D., & Paulauskas, 2026) explored
the process of calculating the electrical power to interface ships to onshore power grids in
ports, and the goal was to assist in energy-efficient and environmental friendly port
operations. The paper used a technical and analytic methodology, which incorporated
engineering calculations, power demand modeling and port infrastructure assessment as a

way of determining the best shore-to-ship power requirements. It was found that proper
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estimation of electrical power requirements is a key to minimization of operational disruption,
cargo handling and integration of low-emission technologies. The research pointed out that
onshore power supply does not only curb emission emitted by the ships when they are
berthed, but also promotes efficiency of port operations by enabling the auxiliary systems to
perform efficiently without overloading local grids. In addition, it emphasized that the issues
of standardized connection protocols, capacity planning, and real-time monitoring are
necessary to optimize energy consumption and keep it safe. The study is pertinent to the
current study because it shows that the effect of innovative infrastructure solutions and the
technical planning does have a direct influence on the cargo handling efficiency and
sustainability. Lessons learned in this work can be transferred to the lighterage ports and help
to achieve the use of shore power systems, efficiency of the energy usage, minimization of
the environmental effect, and the improved workflow which will make the port more

productive and contribute to the achievement of green logistics.

(Iris, C., & Lam, 2019) carried out an extensive literature survey of energy efficiency
measures in ports, concentrating on the operational strategy, technological advancements, and
energy management systems that can address the issue of minimizing environmental impact
and improving operational performance. The study has taken a systematic literature
presentation where it has reviewed studies on energy efficient equipments, sustainable port
infrastructure and management practices of the global ports. The results showed that ports
that were using energy saving equipment like electric cargo handling systems, automated
cranes, and shore power connection saw substantial fuel savings and greenhouse gas
emissions. Besides, the paper has stressed on the fact that, the combination of energy
management systems and operational planning, which includes scheduling, load optimization
and real-time monitoring, enhances productivity and minimizes the operational cost. The
study also noted that energy efficiency is not only a technical problem but also a problem of
organizational coordination, training of staff and alignment of policies. The study has been
applicable to the current research since it shows the paramount importance of technological
innovation, infrastructure planning, and effective handling of cargo within ports. The lessons
learned can be used in light-heavy transportation facilities to achieve energy-saving operation
policies, rational resource use, and enhancement of the system of cargo operations in terms of
sustainability and output, at the same time minimizing the environmental impact and aiding

in adherence to international energy standards.
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(Yau, K. L. A., Peng, S., Qadir, J., Low, Y. C., & Ling, 2020) reviewed the construction of
smart port infrastructures and the contribution of information and communications
technology (ICT) to the development of port activities, which aims to increase operational
efficiency, cargo handling, and performance of the port. The paper took a technological and
analysis perspective, examining ICT applications including automated tracking system,
digital terminal management, real-time monitoring, and data-driven decision support system.
It was found that the implementation of ICT solutions helps ports to facilitate the cargo
handling process, decrease the vessel turnaround time, efficient distribution of resources, and
enhance the coordination between the stakeholders, such as shipping lines, terminal operators
and logistics providers. The paper has highlighted that smart infrastructures do not only
improve efficiency but also sustainability efforts by eliminating wastages of energy and
operational faults. Also, it has pointed out issues like considerable costs at their initial stage
of investments, complexities in integrating the systems and the fact that skilled personnel are
required to maximize the gains of digitalization. The study is quite applicable to the current
study because it illustrates how ICT-related innovations may change the way ports work,
especially in the lighterage ports where coordination and efficiency in the transfer of cargo
are paramount. The lessons learned at this work may be used to inform the deployment of
intelligent systems to the operation of the lighterage ports, to streamline the cargo flow,
improve the communication in real-time and to achieve the higher productivity and resiliency

of the operations.

(Constantin, 2023) investigated the inclusion of the Lower Danube in the grain market
between 1857 and 1866, and how the port infrastructure, cargo processing systems, and the
trade networks supported the movement of the goods produced in the Moldo-Wallachian
hinterland to the European entrepots. The researcher has chosen a historical-analytical
approach, and recorded trade, port, and economic data to examine the efficiency and
coordination of cargo transfer processes. The results showed that ports along the area were
very vital in linking inland producers to the world market with the system of lighterage and
small-scale shipping offering flexibility in regions where there were limited or
underdeveloped ports. The effective harmonization of vessels, storage units and the
hinterland transport made it possible to maintain the flow of goods, to minimize bottlenecks,
and to further integrate the trade. Another important point that was made by the study was
that port infrastructure, novel handling, and formation of logistical networks were the

essentials to facilitate economic growth and market connections. The study is applicable to
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the current study because it provides a historical example of the importance of lighterage
operations and effective cargo handling in the improvement of trade performance. The
knowledge of this work is applicable to the current management of lighterage ports, focusing
on the need to have flexible cargo transfer systems, efficient use of infrastructure, and
coordinated operations to enhance efficiency and minimize delays and help the region to

develop economically.

(Lynch, K. F., DeCicco, A., Bennett, B. E., & Drew, 2021) examined how Air Force War
Reserve Materiel (WRM) was managed globally to support operations in contested and
degraded environments so that the researchers could gain an insight into how large-scale
logistics systems could sustain operational readiness under high-pressure and constrained
conditions. The research took an analytic and strategic approach and examined supply chain
models, inventory management and, deployment policies of vital materiel at the world
theaters. Results indicated that to enable timely availability of resources, even in less
accessible or even damaged transportation networks environment, efficient logistics
coordination, fast cargo handling, and adaptive infrastructure planning are necessary. The
study underline the significance of predictive planning, real-time monitoring, and the risk
mitigation measures to optimize the inventory allocation and minimize the delays in the
movement of materials. Further, the paper has indicated how innovation as evidenced by
automated tracking systems, modular storage solutions, and data-driven decision support can
help to improve the resilience and efficiency of supply chains. This study is applicable in the
current research since it offers information on how cargo handling and resource management
can be optimized in limited circumstances. Applying these principles to lighterage ports can
improve operational coordination, streamline cargo transfer, enhance infrastructure utilization,
and ensure reliable and efficient port operations even in challenging or resource-limited

environments.

(Yau, K. L. A., Peng, S., Qadir, J., Low, Y. C., & Ling, 2020) examined how smart port
infrastructure has been developed and how information and communications technology (ICT)
can be used to improve port operations, cargo operations, and efficiency. It was done in the
technological and analytical perspective and investigated the ways ICT applications,
including automated terminal management systems, real-time tracking, predictive analytics,
and data-driven decision support can be used to optimize the flow of cargo, decreasing the

turnaround time of vessels, and enhancing the collaboration among port stakeholders,
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including shipping lines, terminal operators, and logistics providers. The results showed that
smart port systems allow allocating resources better, reducing the number of operational
bottlenecks, and ensuring sustainability efforts through a decrease in energy usage and
emissions. The research also pointed out to the difficulty in executing the ICT solutions as it
is expensive to put in place; there are complexities involved in offsetting the existing
infrastructure; the trained personnel needed to effectively run the complex digital
infrastructure are not there. This work is very pertinent to the current study because it
illustrates the transformational nature of ICT based innovations in enhance cargo processing
especially in lighterage ports where coordination among the vessels and the shore facilities is
very important. The lessons of this work may lead to the implementation of intelligent
technologies in the work of lighterage ports and allow to monitor the situation in real-time,
automate processes, minimize congestion, and improve the overall performance and

contribute to sustainable and resilient port infrastructure creation.

(Ogunleye, 2020) analyzed the effect of the maritime trade on the Nigerian economy in terms
of the role of port operations, cargo handling efficiency, and shipping activities in boosting
national economic growth. The paper used an analytical and descriptive research method
using trade statistics, port performance data, and economic indicators to evaluate the impact
of maritime trade on economic development. The results demonstrated that effective port
operations and effective cargo handling systems go a long way in improving the performance
of trade by minimizing turnaround time, improving reliability of the logistics, and enhancing
the processes of imports and exports to a smooth sailing. On the contrary, poor infrastructure,
ineffectiveness in operations and bottlenecks in the process of cargo assistance were
identified as a hindrance to trade, revenue generation and economically unfavorable results. It
was found that modernization of the port infrastructure, implementation of new technologies
in the field of cargo handling, and the enhancement of the coordination of stakeholders are
important to increase their efficiency and ensure the economic growth. This study is
applicable in the current study because it provides a direct relationship between port
efficiency, cargo handling systems and economic performances in general. The lessons
learned during the process can be transferred to the lightage ports to focus on the necessity of
investing in infrastructure, simplifying operations and implementing modern information
technologies to coordinate the flow of goods, increase the productivity of operations, and

ensure economic development of the region and country.



(Hopkins-Weise, J., & Shiels, 2018) discussed the role of railways in the First World War,
and specifically its role in the Australian military in terms of military logistics, and the aim
was to determine how the railway systems would assist in the transportation of large numbers
of troops and cargo in the war environment. The paper was a historical and analytical one
where the data used comprised of military records, transport data, and archives to assess the
operational relevance of the railways. The results showed that railways played a significant
role in the military supply chains allowing to easily transport troops, equipment, and
necessary goods over a long distance in a timely manner. The paper noted that the
coordinated scheduling, reliability of the infrastructure and the flexibility with other
transportation methods greatly improved the logistical efficiency. It also focused on the issue
of flexibility and the fast development of the infrastructure in reaction to the rising demands
during the war. The study can be applied to the current one because it shows the significance
of integrated transport systems in cargo handling and logistics. The lessons are applicable in
the context of lighterage ports, which is the better coordination of the maritime and inland

transport systems to increase the efficiency of the cargo flow and minimize the delays.

(M. R Rahman, H., Dipto, S. S., & Islam, 2023) aims to evaluate safety factors and
congestion in the Karnaphuli Channel of the sea and also determine the major factors that
influence the safety of navigation and performance in a busy sea route. The research was
analytical and empirical based on data on traffic, accidents and field observations to analyze
congestion patterns and risks involved. The results showed that there is high vessel density,
poor traffic management systems and narrow channel width, which are the main factors
leading to congestion and predisposing to occurrence of maritime accidents. Another issue
that the study has identified is that the ineffective scheduling, the absence of real-time
monitoring and the ineffective coordination of port authorities and vessels operators also
contributes to the worsening of the situation. It also stressed the necessity to introduce high-
quality vessel traffic management systems (VTMS), enhance navigational infrastructure, and
impose even more rigid safety standards to reduce the risk factor and contribute to the
efficiency of work. The study has indicated that congestion does not merely slow down the
cargo handling processes but also adds costs and environmental dangers to the operations.
The current study is quite pertinent to the current study since it shows that traffic

management and efficiency of cargo handling are crucial to each other.
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(Stitt, 2023) reviewed different strategies of innovation deployed in the Naval Construction
Force, also referred to as the so-called Seabees, to learn how strategies focused on innovation
can support the efficiency of operations, their adaptability, and project implementation in
resource-restricted and complex conditions. The research employed a qualitative and
analytical approach, which employed case study, organization analysis, and frameworks of
military operations to assess the practice of innovation in the force. The results indicated that
instilling an innovative culture, decentralisation, and diversifying skills in the staff are key to
enhancing the capacity to address dynamic operational issues. The paper has also placed an
emphasis on the use of advanced technologies, constant training, and sharing of knowledge to
improve efficiency in construction and the logistical performance. It further highlighted the
fact that leadership support and strategic planning are important in maintaining innovation in
large organizations. The study also identified that flexibility, ability to solve problems fast,
and effective use of resources are the primary forces behind a successful project performance
even in difficult environments. The study is very relevant to the current research since it
offers useful information to the study on innovation and efficiency in logistics and

construction processes.
2.4 Summary

A thorough literature analysis shows that port development, and maritime logistics systems
are multidimensional, and they are affected by a combination of governance structures, the
development of infrastructure, technological innovations, and socio-economic dynamics.
Good governance structures are necessary in order to promote transparency, coordination of
the stakeholders and better operations. There is a consistent literature which points to the fact
that ports whose governance models are clearly established and whose strategic planning
mechanisms are in place, are likely to experience greater efficiency, competitiveness and

long-term sustainability.

Another important element that is being cited in port performance improvement is
infrastructure development and the connectivity of the hinterland. Transportation networks
composed of road, rail, and inland logistics networks are very important in ensuring smooth
movement of cargo and economic development in the region. Moreover, international trade
routes and maritime connectivity projects are some of the global projects that make ports the
major points of global supply chains.

83



Technology is another developmental change in the contemporary port operations. The
implementation of smart port solutions, such as automation, Artificial Intelligence (Al),
Internet of Things (IoT), and online platforms, has positively influenced the efficiency of
operations, decreased congestion, and positively impacted the decision-making process.
Nonetheless, the implementation of these technologies is highly dependent upon human
aspects including acceptance of the technology, organizational preparedness and institutional
support as defined in the Theory of Reasoned Action. Resistance to change, the absence of
technical skills, and poor infrastructure remain some of the obstacles to the digital

transformation of ports.

Sustainability and environmental management have now taken centre stage in the port
development strategies. In the literature, the growing significance of green port efforts, such
as energy-saving functions, the minimization of emissions, and the implementation of
renewable energy sources, are highlighted. Green systems of finance, policy frameworks and
environmental rules also contribute towards the transformation to sustainable port systems.
Such initiatives are needed in the process of dealing with international issues touching on

climate change and environmental degradation.

Moreover, the socio-economic and human factors are also important determinants of port
systems. Port-city relations, urbanization, labor relations, and workforce development have
involved impactful effects on the port operations and development. Another important force
which promotes resilience and competitiveness in the maritime sector is innovation
ecosystems, stakeholder collaboration and regional cooperation. Legal and regulatory
frameworks control the effective operation of the maritime trade and provide solutions to the

safety, labor rights, and dispute resolving issues.

To sum up, the literature indicates that the future of port development is in the connection of
governance, digitalization, sustainability, and infrastructure planning. The interdisciplinary
and holistic approach is required to develop efficient, resilient, and global competitive port
systems that can transform depending on the changing economic, technological, and

environmental factors.
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CHAPTER -3

RESEARCH METHODOLOGY

3.1 Overview of the Research Problem

Maritime trade also requires lighterage ports particularly where the deep waters are too
shallow to build deep-draft ports. However, these ports have a lot of operational and
infrastructural problems that diminish efficiency and competitiveness. One of the issues is the
absence of current infrastructure: berths, warehouses and freighting equipment is usually

insufficient.

The movement of cargo, between mother vessels to barges to shore, is a multi-step process
and causes inefficiencies, delays, and increased risks. Manual or semi-mechanized
procedures result in restricted productivity and accuracy. The lack of digital technologies and
automation aggravates coordination and communication between stakeholders. Financial
constraints and environmental issues also contribute to the complications of these issues.
Thus, it is essential to investigate the effective way of redesigning the infrastructure
innovation and effective cargo handling to address these issues to enhance the operations and

sustainability of the lighterage ports.
3.2 Operationalization of Theoretical Constructs

This research transforms such central concepts as infrastructure innovation, cargo handling
efficiency and port performance into measurable variables to be analyzed empirically. The
innovation of infrastructure is measured through such indicators as modern infrastructure,
computerized systems, automation technology, and sustainability. The efficiency of cargo
handling is gauged by the decrease in the loading/unloading time, high accuracy in the
operations, reduced delays, and coordination. The performance of portfolio is measured

through cost-effectiveness, operational efficiency, and sustainability in the environment.

In these constructs, a structured questionnaire is used to measure them through a Likert scale
whereby respondents can respond based on the degree of agreement. Variables are then

looked at through the use of correlation and regression studies. This approach will transform
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abstract notions and convert them into measurable data, which will allow conducting a

systematic assessment of innovation and efficiency on the overall port performance.
3.3 Research Purpose and Questions

The primary objective is to study the effects of infrastructure innovation and effective cargo
handling systems on the performance of lighterage ports. The research offers a gap in
literature since it emphasizes the frequently neglected lighterage ports, rather than alternative
large seaports. It aims to demonstrate how modernization can enhance the efficiency of its
operations, reduce its expenses, and increase the sustainability. In order to do so, the

following research questions will be used at the time of investigation:

e What are the effects of infrastructure innovation on port productivity and efficiency?

¢ Do cargo handling systems reduce operation costs and delay?

Another area that the study examines is the difficulties lighterage ports have in changing to
modern systems and the best practices to improve. The answers to these questions would
offer an in-depth answer to how infrastructure, technology, and the outcome of operations

interact in lighterage port environments.
3.4 Research Design

Quantitative research design is taken to develop a systematic analysis of the relationships
among infrastructure innovation, efficiency of cargo handling, and performance of ports. It is
a descriptive and analytical design. The descriptive section would describe the present
situation in the infrastructure and operation practice in lighterage port, and the analytical one

would focus on the relationship between variables through a statistical approach.

Primary data will be derived according to structured questionnaire provided to the
respondents who are engaged in the port operations. The research design incorporates the
hypothesis testing to confirm the relationships that are to be made between the independent
and dependent variables. Statistical software, Pearson and regression analysis are done to
make sure it is accurate and reliable. This design will enable objective measurement and
meaningful inferences regarding whether innovation and efficiency has any effects on the

port performance, and to increase the validity and generalizability.
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3.5 Population and Sample

The target population consists of people that directly or indirectly participate in the lighterage
port operations, that is, port authorities, logistics managers, cargo handlers, and maritime
professionals, who have practical knowledge of infrastructure and cargo handling processes.

Out of this population, 100 respondents will be sampled in order to obtain primary data.

The sample size is adequate to yield quality statistical analysis and findings. The research is
centered on the selected lighterage ports which gives the representative context into which
the analysis is done. The sampling plan will guarantee heterogeneity in terms of occupations,
experience, and the participation in port operations, and will add value to the data set. The
professional participants will be targeted, which will ensure that responses are based on the
actual conditions of operation and challenges, which increases the -credibility and

applicability of the results.
3.6 Participant Selection

A purposive sampling is done to select the participants where the participants are selected
according to their relevance to the research objectives. This will make sure that only those
respondents who have a direct experience or an interest in the operations of the lighterge are
used up. The criteria used in selection are professionals in the field of port management,
cargo handling, logistics coordination, and other maritime operations. The respondents will

be chosen at different levels of responsibility to develop a wide spectrum of points of view.

The analysis incorporates those respondents that have different years of experience in order
to balance the traditional and modern practice perspectives. The criteria used as inclusion is
on the individuals who are actively involved in port operations; those who have no direct
involvement are not included. The above approach enhances the quality of data collected
through providing informed and relevant answers. As a result, the results are more realistic of

the actual port operations.
Area of the study

The current study looks at lighterage port operations, with an emphasis on how new ideas
might improve infrastructure and cargo handling systems. The study's geographic area covers

some lighterage ports in India and a place for worldwide comparison. This study focuses on
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three important Indian ports: Navlakhi Port, Magdalla Port (Surat), and Bedi Port. All three
are in Gujarat's coastal region, which is recognized for processing huge amounts of dry bulk
cargo through lighterage operations. Also, Puttalam Port in Sri Lanka has been added to give

an international view and a comparison of how things are done.

These ports were chosen because they are located in areas where deep-draft ports are hard to
find because of geography and infrastructure. The study looks at how well these places run,
how well they use technology, how well they work with stakeholders, how well they follow
environmental rules, and how well they handle cargo. The study also looks at how port
authorities, logistics operators, shipping brokers, and technology companies who work on

lighterage operations work together.

Fig:3 Bedi port anchorage Fig:4 Puttalam (Sri Lanka) anchorage
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Sources:

Fig:1 https://ruzave.com/india/navlakhi-sea-port-india/ports-information/

Fig:2 Shreeji Shipping Servies (India) Ltd.,
Fig:3 Shreeji Shipping Servies (India) Ltd

Fig:4https://www.slpa.lk/port-colombo-
page/2011fde69eb2dadfe86e2a1f8b6729df/ad5d322a2a88170ddfe69081ec309e¢7483aabb7
d

3.7 Instrumentation

e The primary tool of gathering data was a structured questionnaire.

e Three major constructs included in it were infrastructure innovation, cargo handling
efficiency and port performance.

e The tool contained a number of questions, including demographics and variables of
operations.

e The majority of the items used a five-point Likert scale, with strongly disagree to
strongly agree.

¢ (Questions were formulated in a clear, simple and relevant manner to the respondents
with different professional backgrounds.

e [t put together closed-ended and scale-based items to facilitate quantitative analysis.

e The content validity was attained through the alignment of every question to the
objectives and variables of the study.

e The questionnaire was checked and modified to maintain consistency and reliability.

e This uniformity gave the responses some similarity among all the participants.

e Its organized structure made coding, tabulation and statistical analysis easy.

3.8 Data Collection Procedures

The process of data collection was systematically and organizationally arranged to ensure
accuracy and reliability. Primary data were collected through the use of structured
questionnaires which were given to the respondents who were selected to be involved in the

process of lighterage port operations.
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The questionnaires were distributed, either in the paper form or electronically, based on the
accessibility and convenience of the participants. Before the participants started, the purpose
of the study was explained to them and ethical consideration was met. Adequate time was

given to complete the questionnaire and reminders done to increase the response rates.

The objective of the process was to acquire real-time information on infrastructure practice,
cargo handling systems and operational efficiency. The anonymity and confidentiality were
maintained in an attempt to limit bias in responses. Lastly the responses were pooled, coded
and ready to analyze them and the result of this analysis was a complete and accurate data

which could be evaluated statistically.
3.9 Data Analysis

Quantitative statistical methods were used to analyze the data to examine the relationship
between variables and to employ tests of hypotheses. First, the data were coded, entered into
statistical software and organized. Frequency distributions, percentages, means, and standard
deviations, which constitute the descriptive statistics, generalized the demographic

characteristics and general response patterns.

The connections between infrastructure innovation and cargo handling efficiency and port
performance were studied using inferential techniques. The Pearson correlation measured the
strength and direction of the relationships whereas the regression was used to determine the
impact of independent variables to dependent variables. Such techniques made notable
patterns and proved the offered hypotheses. Findings were systematically interpreted, and
the researcher reached well-defined conclusions on using innovation and efficiency to drive

port performance. This method provided objectivity, accuracy and reliability of the findings.
3.10 Conclusion

Overall, the proposed methodology provides a systematic approach to the evaluation of the
impact of infrastructure innovation and efficient cargo processing on the performance of the
lighterage ports. The structured questionnaires in a quantitative approach ensure the
reliability and measurability of the data. Correlations and regression analyses strengthen our
perceptions towards important relations. The limitations of the study are few, but its structure

is in harmony with the purpose of the research and offers a strong analysis ground. The
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identity of the respondents, the operationalization of the variables and methodical data
gathering enhance the validity of the study. The method does not just assess the existing
practices but also educates pragmatic guidelines to boost the efficiency, productivity, and

sustainability in the lighterage ports.



CHAPTER -4

RESULT

In this Study, the impact of the innovation of infrastructure and the effective cargo handling
systems on the performance of lighterage ports is explored. It aims to learn the influence of
modernizing port facilities and implementing advanced technologies of operation on different
dimensions of port operation. The research collects information on the staff perspective in the
operations, support and management activities in the lighterage ports. The multicultural
nature of the respondents provides an in-depth insight into the operation and progress of these

ports.

The study examines a few aspects of port performance such as operational efficiency,
productivity, cost savings, and environmental sustainability. It evaluates the way the changes
in infrastructure and the enhancement of the processes in which the cargo is handled
contribute to the smoother functioning. It also examines how challenges are minimized by
technological upgrades and systematic practices which enhance service delivery in lighterage

ports.

Also, the research study analyzes the manner in which the contemporary cargo handling
methods enhance the management of workflow, reduce congestion, and facilitate timely
transportation of goods. It takes into account the role of developing infrastructure and having
an efficient system to enable ports to utilize resources more effectively and remain
competitive. It also examines that innovative infrastructure fosters environmental responsible

operations, and sustainable port development.

Overall, the research provides an ordered evaluation of the effect of modernization of
infrastructure and efficiency of cargo handling to enhance the activities of the lighterage port.
It offers information on the areas of improvement in the operation, economic gains, and
sustainability, which preconditions the assessment of the overall functioning of these ports

and their development opportunities.

92



4.1 Demographic questions

Table:1 Age of the Respondents.

Age
Frequency Percent

Below 25 years | 16 16.0
25-34 years 21 21.0
35-44 years 21 21.0
45-54 years 26 26.0
Above 54 years | 16 16.0
Total 100 100.0

The above table discusses the frequency and percentage of age of the respondents. In below
25 years, frequency is 16 and percentage is 16.0%. In 25-34 years, frequency is 21 and
percentage is 21.0%. In 35-44 Years, frequency is 21 and percentage is 21.0%. In 45-54 years,
frequency is 26 and percentage is 26.0%. In above 54 years, frequency is 16 and percentage

is 16.0%.
Graph: 1 Graphical representation of Age of the respondents.
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Table: 2 Educational Qualification of the respondents.

Educational Qualification
Frequency | Percent
Diploma 25 25.0
Graduate 31 31.0
Postgraduate 20 20.0
Professional/Technical qualification 24 24.0
Total 100 100.0

The above table discusses the frequency and percentage of Educational Qualification of the
respondents. In diploma, frequency is 25 and percentage 25.0%. In Graduate, frequency is 31
and percentage is 31.0%. In Postgraduate, Frequency is 20 and percentage is 20.0%. In

Professional/Technical qualification, Frequency is 24 and percentage is 24.0%.

Graph: 2 Graphical representation of Educational Qualification of the respondents.
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Table: 3 Years of Experience in Maritime / Port Sector of the respondents.
Years of Experience in Maritime / Port Sector

Frequency | Percent
1-5 years 26 26.0
6—10 years 24 24.0
11-15 years 24 24.0
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More than 15 years 26 26.0

Total 100 100.0

The above table discusses the frequency and percentage of Years of Experience in Maritime /
Port Sector of the respondents. In 1-5 years, frequency is 26 and percentage is 26.0%. In 6-10
years, frequency is 24 and percentage is 24.0%. In 11-15 years, frequency is 24 and
percentage is 24.0%. In more than 15 years, frequency is 26 and percentage is 26.0%.

Graph: 3 Graphical representation of Years of Experience in Maritime / Port

Sector of the respondents.
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Table: 4 Type of Involvement with Lighterage Port Operations of the

respondents.

Type of Involvement with Lighterage Port

Operations

Frequency | Percent
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Direct operational

) 42 42.0

involvement
Indirect/Support role 39 39.0

Management/Decision-

19 19.0

making role
Total 100 100.0

The above table discusses the frequency and percentage of Type of Involvement with
Lighterage Port Operations of the respondents. In Direct operational involvement, Frequency
is 42 and percentage is 42.0%. In Indirect/Support role, frequency is 39 and percentage is

39.0%. In Management/Decision-making role, Frequency is 19 and percentage is 19.0%.

Graph: 4 Graphical representations of Type of Involvement with Lighterage Port

Operations of the respondents.
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Innovation in Port Infrastructure

Table:S The lighterage port has adopted modern and upgraded infrastructure

facilities.
The lighterage port has adopted modern

and upgraded infrastructure facilities.
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Frequency | Percent
Strongly disagree 11 11.0
Disagree 18 18.0
Neutral 19 19.0
Agree 21 21.0
Strongly agree 31 31.0
Total 100 100.0

The above table discusses the frequency and percentage of the lighterage port has adopted
modern and upgraded infrastructure facilities. In strongly disagree, frequency is 11 and
percentage is 11.0%. In Disagree, frequency is 18 and percentage is 18.0%. In Neutral,
frequency is 19 and percentage is 19.0%. In agree, frequency is 21 and percentage is 21.0%.

In Strongly agree, frequency is 31 and percentage is 31.0%.

Graph: 5 Graphical representations of the lighterage port has adopted modern and

upgraded infrastructure facilities.
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Table: 6 Infrastructure innovations have improved overall port functionality.
Infrastructure innovations have

improved overall port functionality.

Frequency | Percent

Strongly disagree 8 8.0
Disagree 9 9.0
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Neutral 9 9.0
Agree 27 27.0
Strongly agree 47 47.0
Total 100 100.0

The above table discusses the frequency and percentage of the infrastructure innovations have
improved overall port functionality. In strongly disagree, frequency is 8 and percentage is
8.0%. In Disagree, frequency is 9 and percentage is 9.0%. In Neutral, frequency is 9 and
percentage is 9.0%. In agree, frequency is 27 and percentage is 27.0%. In Strongly agree,

frequency is 47 and percentage is 47.0%.

Graph: 6 Graphical representations of Infrastructure innovations have improved

overall port functionality.
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Table: 7 The use of digital and smart infrastructure systems is evident in port

operations.
The use of digital and smart infrastructure

systems is evident in port operations.
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Frequency | Percent
Strongly disagree 9 9.0
Disagree 16 16.0
Neutral 12 12.0
Agree 13 13.0
Strongly agree 50 50.0
Total 100 100.0

The above table discusses the frequency and percentage of the use of digital and smart
infrastructure systems is evident in port operations. In strongly disagree, frequency is 9 and
percentage is 9.0%. In Disagree, frequency is 16 and percentage is 16.0%. In Neutral,
frequency is 12 and percentage is 12.0%. In agree, frequency is 13 and percentage is 13.0%.

In Strongly agree, frequency is 50 and percentage is 50.0%.

Graph: 7 Graphical representations of the use of digital and smart infrastructure

systems is evident in port operations.
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Table: 8 Infrastructure modernization has enhanced safety and reliability in port

activities.
Infrastructure modernization has enhanced

safety and reliability in port activities.
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Frequency | Percent
Strongly disagree 9 9.0
Disagree 9 9.0
Neutral 15 15.0
Agree 21 21.0
Strongly agree 46 46.0
Total 100 100.0

The above table discusses the frequency and percentage of Infrastructure modernization has
enhanced safety and reliability in port activities. In strongly disagree, frequency is 9 and
percentage is 9.0%. In Disagree, frequency is 9 and percentage is 9.0%. In Neutral, frequency
is 15 and percentage is 15.0%. In agree, frequency is 21 and percentage is 21.0%. In Strongly

agree, frequency is 46 and percentage is 46.0%.

Graph: 8 Graphical representations of Infrastructure modernization has enhanced

safety and reliability in port activities.

Infrastructure modernization has
enhanced safety and reliability in
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Table: 9 Continuous investments in innovative infrastructure is prioritized by port

authorities.
Continuous investment in innovative

infrastructure is prioritized by port authorities.
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Frequency | Percent
Strongly disagree 14 14.0
Disagree 21 21.0
Neutral 10 10.0
Agree 13 13.0
Strongly agree 42 42.0
Total 100 100.0

The above table discusses the frequency and percentage of Continuous investment in
innovative infrastructure is prioritized by port authorities. In strongly disagree, frequency is
14 and percentage is 14.0%. In Disagree, frequency is 21 and percentage is 21.0%. In Neutral,
frequency is 10 and percentage is 10.0%. In agree, frequency is 13 and percentage is 13.0%.

In Strongly agree, frequency is 42 and percentage is 42.0%.

Graph: 9 Graphical representations of Continuous investments in innovative

infrastructure is prioritized by port authorities.

Continuous investment in innovative
infrastructure is prioritized by port

authorities.
60 42 42.0
40
A 14 14.0 Z1 710 10 100 13 130
mmmm N s EE
0
STRONGLY DISAGREE NEUTRAL AGREE STRONGLY
DISAGREE AGREE

[ Continuous investment in innovative infrastructure is prioritized by port authorities.
Frequency

[ Continuous investment in innovative infrastructure is prioritized by port authorities.

Percent

Efficiency of Cargo Handling Systems

Table: 10 Modern cargo handling equipment is effectively used in lighterage port

operations.
Modern cargo handling equipment is
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effectively used in lighterage port operations.
Frequency | Percent
Strongly disagree 5 5.0
Disagree 7 7.0
Neutral 10 10.0
Agree 38 38.0
Strongly agree 40 40.0
Total 100 100.0

The above table discusses the frequency and percentage of Modern cargo handling equipment
is effectively used in lighterage port operations. In strongly disagree, frequency is 5 and
percentage is 5.0%. In Disagree, frequency is 7 and percentage is 7.0%. In Neutral, frequency
is 10 and percentage is 10.0%. In agree, frequency is 38 and percentage is 38.0%. In Strongly

agree, frequency is 40 and percentage is 40.0%.

Graph: 10 Graphical representations of Modern cargo handling equipment is

effectively used in lighterage port operations.
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Table: 11 Automation and mechanization have improved cargo handling processes.
Automation and mechanization have

improved cargo handling processes.

Frequency | Percent

Strongly disagree 7 7.0
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Disagree 10 10.0
Neutral 15 15.0
Agree 33 33.0
Strongly agree 35 35.0
Total 100 100.0

The above table discusses the frequency and percentage of Automation and mechanization
have improved cargo handling processes. In strongly disagree, frequency is 7 and percentage
is 7.0%. In Disagree, frequency is 10 and percentage is 10.0%. In Neutral, frequency is 15
and percentage is 15.0%. In agree, frequency is 33 and percentage is 33.0%. In Strongly

agree, frequency is 35 and percentage is 35.0%.

Graph: 11 Graphical representations of Automation and mechanization have

improved cargo handling processes.

Automation and mechanization have
improved cargo handling processes.

40 33 330 35 350
30
15 15.0
-0 - 10 100
10 :
mmm T
0
STRONGLY DISAGREE NEUTRAL AGREE STRONGLY
DISAGREE AGREE

E Automation and mechanization have improved cargo handling processes. Frequency

E Automation and mechanization have improved cargo handling processes. Percent

Table: 12 Cargo handling systems reduce delays during loading and unloading

operations.

Cargo handling systems reduce delays

during loading and unloading operations.

Frequency | Percent
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Strongly disagree 4 4.0
Disagree 13 13.0
Neutral 12 12.0
Agree 36 36.0
Strongly agree 35 35.0
Total 100 100.0

The above table discusses the frequency and percentage of Cargo handling systems reduce
delays during loading and unloading operations. In strongly disagree, frequency is 4 and
percentage is 4.0%. In Disagree, frequency is 13 and percentage is 13.0%. In Neutral,
frequency is 12 and percentage is 12.0%. In agree, frequency is 36 and percentage is 36.0%.

In Strongly agree, frequency is 35 and percentage is 35.0%.

Graph: 12 Graphical representations of Cargo handling systems reduce delays

during loading and unloading operations.
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Table: 13 Technological upgrades have improved the accuracy of cargo handling

activities.
Technological upgrades have improved the
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accuracy of cargo handling activities.
Frequency | Percent
Strongly disagree 5 5.0

Disagree 12 12.0

Neutral 12 12.0

Agree 40 40.0

Strongly agree 31 31.0
Total 100 100.0

The above table discusses the frequency and percentage of Technological upgrades have
improved the accuracy of cargo handling activities. In strongly disagree, frequency is 5 and
percentage is 5.0%. In Disagree, frequency is 12 and percentage is 12.0%. In Neutral,
frequency is 12 and percentage is 12.0%. In agree, frequency is 40 and percentage is 40.0%.

In Strongly agree, frequency is 31 and percentage is 31.0%.

Graph: 13 Graphical representations of Technological upgrades have improved the

accuracy of cargo handling activities.
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Table: 14 Efficient cargo handling systems have minimized operational

disruptions.
Efficient cargo handling systems have
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minimized operational disruptions.
Frequency | Percent

Strongly disagree 5 5.0
Disagree 13 13.0
Neutral 13 13.0
Agree 27 27.0
Strongly agree 42 42.0
Total 100 100.0

The above table discusses the frequency and percentage of Efficient cargo handling systems
have minimized operational disruptions. In strongly disagree, frequency is 5 and percentage
is 5.0%. In Disagree, frequency is 13 and percentage is 13.0%. In Neutral, frequency is 13
and percentage is 13.0%. In agree, frequency is 27 and percentage is 27.0%. In Strongly

agree, frequency is 42 and percentage is 42.0%.

Graph: 14 Graphical representations of Efficient cargo handling systems have

minimized operational disruptions.
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Operational Efficiency

Table: 15 Port operations are carried out smoothly with minimal operational

bottlenecks.
Port operations are carried out smoothly
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with minimal operational bottlenecks.
Frequency | Percent
Strongly disagree 12 12.0
Disagree 17 17.0
Neutral 18 18.0
Agree 24 24.0
Strongly agree 29 29.0
Total 100 100.0

The above table discusses the frequency and percentage of Port operations are carried out

smoothly with minimal operational bottlenecks. In strongly disagree, frequency is 12 and

percentage is 12.0%. In Disagree, frequency is 17 and percentage is 17.0%. In Neutral,

frequency is 18 and percentage is 18.0%. In agree, frequency is 24 and percentage is 24.0%.

In Strongly agree, frequency is 29 and percentage is 29.0%.

Graph: 15 Graphical representations of Port operations are carried out smoothly
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: 16 Innovation has improved coordination among different port activities.

Innovation has improved coordination
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among different port activities.
Frequency | Percent

Strongly disagree 11 11.0
Disagree 19 19.0
Neutral 16 16.0
Agree 23 23.0
Strongly agree 31 31.0
Total 100 100.0

The above table discusses the frequency and percentage of Innovation has improved
coordination among different port activities. In strongly disagree, frequency is 11 and
percentage is 11.0%. In Disagree, frequency is 19 and percentage is 19.0%. In Neutral,
frequency is 16 and percentage is 16.0%. In agree, frequency is 23 and percentage is 23.0%.

In Strongly agree, frequency is 31 and percentage is 31.0%.

Graph: 16 Graphical representations of Innovation has improved coordination

among different port activities.
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Table: 17 Resource utilization in the port has become more efficient due to

innovation.
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Resource utilization in the port has become
more efficient due to innovation.

Frequency | Percent
Strongly disagree 16 16.0
Disagree 18 18.0
Neutral 14 14.0
Agree 27 27.0
Strongly agree 25 25.0
Total 100 100.0

The above table discusses the frequency and percentage of Resource utilization in the port
has become more efficient due to innovation. In strongly disagree, frequency is 16 and
percentage is 16.0%. In Disagree, frequency is 18 and percentage is 18.0%. In Neutral,
frequency is 14 and percentage is 14.0%. In agree, frequency is 27 and percentage is 27.0%.

In Strongly agree, frequency is 25 and percentage is 25.0%.

Graph: 17 Graphical representations of Resource utilization in the port has

become more efficient due to innovation.
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Table: 18 Operational processes are better streamlined with modern systems.

Operational processes are Dbetter
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streamlined with modern systems.
Frequency | Percent

Strongly disagree | 16 16.0
Disagree 15 15.0
Neutral 15 15.0
Agree 21 21.0
Strongly agree 33 33.0
Total 100 100.0

The above table discusses the frequency and percentage of Operational processes are better
streamlined with modern systems. In strongly disagree, frequency is 16 and percentage is
16.0%. In Disagree, frequency is 15 and percentage is 15.0%. In Neutral, frequency is 15 and
percentage is 15.0%. In agree, frequency is 21 and percentage is 21.0%. In Strongly agree,

frequency is 33 and percentage is 33.0%.

Graph: 18 Graphical representations of Operational processes are better

streamlined with modern systems.
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Table: 19 Infrastructure and technology upgrades have reduced operational

€rrors.
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Infrastructure and technology upgrades
have reduced operational errors.

Frequency | Percent
Strongly disagree 12 12.0
Disagree 19 19.0
Neutral 19 19.0
Agree 24 24.0
Strongly agree 26 26.0
Total 100 100.0

The above table discusses the frequency and percentage of Infrastructure and technology
upgrades have reduced operational errors. In strongly disagree, frequency is 12 and
percentage is 12.0%. In Disagree, frequency is 19 and percentage is 19.0%. In Neutral,
frequency is 19 and percentage is 19.0%. In agree, frequency is 24 and percentage is 24.0%.

In Strongly agree, frequency is 26 and percentage is 26.0%.

Graph: 19 Graphical representations of Infrastructure and technology upgrades

have reduced operational errors.
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Productivity of Lighterage Ports
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Table: 20 Cargo throughput has increased due to improved infrastructure and

systems.
Cargo throughput has increased due to
improved infrastructure and systems.

Frequency | Percent
Strongly disagree 8 8.0
Disagree 13 13.0
Neutral 15 15.0
Agree 34 34.0
Strongly agree 30 30.0
Total 100 100.0

The above table discusses the frequency and percentage of Cargo throughput has increased
due to improved infrastructure and systems. In strongly disagree, frequency is 8 and
percentage is 8.0%. In Disagree, frequency is 13 and percentage is 13.0%. In Neutral,
frequency is 15 and percentage is 15.0%. In agree, frequency is 34 and percentage is 34.0%.

In Strongly agree, frequency is 30 and percentage is 30.0%.

Graph: 20 Graphical representations of Cargo throughput has increased due to

improved infrastructure and systems.
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Table: 21 Employee productivity has improved with the use of advanced cargo

handling tools.

Employee productivity has improved with
the use of advanced cargo handling tools.

Frequency | Percent
Strongly disagree 14 14.0
Disagree 12 12.0
Neutral 18 18.0
Agree 22 22.0
Strongly agree 34 34.0
Total 100 100.0

The above table discusses the frequency and percentage of Employee productivity has
improved with the use of advanced cargo handling tools. In strongly disagree, frequency is 14
and percentage is 14.0%. In Disagree, frequency is 12 and percentage is 12.0%. In Neutral,
frequency is 18 and percentage is 18.0%. In agree, frequency is 22 and percentage is 22.0%.

In Strongly agree, frequency is 34 and percentage is 34.0%.

Graph: 21 Graphical representations of Employee productivity has improved with

the use of advanced cargo handling tools.
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Table: 22 The port is able to handle higher cargo volumes efficiently.

The port is able to handle higher cargo
volumes efficiently.

Frequency | Percent
Strongly disagree | 12 12.0
Disagree 20 20.0
Neutral 19 19.0
Agree 17 17.0
Strongly agree 32 32.0
Total 100 100.0

The above table discusses the frequency and percentage of The port is able to handle higher
cargo volumes efficiently. In strongly disagree, frequency is 12 and percentage is 12.0%. In
Disagree, frequency is 20 and percentage is 20.0%. In Neutral, frequency is 19 and
percentage is 19.0%. In agree, frequency is 17 and percentage is 17.0%. In Strongly agree,

frequency is 32 and percentage is 32.0%.

Graph: 22 Graphical representations of the port is able to handle higher cargo

volumes efficiently.

The port is able to handle higher
cargo volumes efficiently.

35 32 320

STRONGLY DISAGREE NEUTRAL AGREE STRONGLY
DISAGREE AGREE

[ The port is able to handle higher cargo volumes efficiently. Frequency

E The port is able to handle higher cargo volumes efficiently. Percent

114



Table: 23 Technological innovations has enhanced overall port productivity.

overall port productivity.

Technological innovation has enhanced

Frequency | Percent
Strongly disagree 16 16.0
Disagree 16 16.0
Neutral 17 17.0
Agree 17 17.0
Strongly agree 34 34.0
Total 100 100.0

The above table discusses the frequency and percentage of Technological innovation has

enhanced overall port productivity. In strongly disagree, frequency is 16 and percentage is

16.0%. In Disagree, frequency is 16 and percentage is 16.0%. In Neutral, frequency is 17 and

percentage is 17.0%. In agree, frequency is 17 and percentage is 17.0%. In Strongly agree,

frequency is 34 and percentage is 34.0%.

Graph: 23 Graphical representations of Technological innovation has enhanced
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Table: 24 Productivity targets are achieved more consistently after modernization.

Productivity targets are achieved more
consistently after modernization.
Frequency | Percent
Strongly disagree 10 10.0
Disagree 16 16.0
Neutral 19 19.0
Agree 22 22.0
Strongly agree 33 33.0
Total 100 100.0

The above table discusses the frequency and percentage of Productivity targets are achieved
more consistently after modernization. In strongly disagree, frequency is 10 and percentage is
10.0%. In Disagree, frequency is 16 and percentage is 16.0%. In Neutral, frequency is 19 and
percentage is 19.0%. In agree, frequency is 22 and percentage is 22.0%. In Strongly agree,
frequency is 33 and percentage is 33.0%.

Graph: 24 Graphical representations of Productivity targets are achieved more

consistently after modernization.
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Table: 25 Innovation in infrastructure has reduced operational costs in the port.

Innovation in infrastructure has reduced
operational costs in the port.

Frequency | Percent
Strongly disagree 8 8.0
Disagree 20 20.0
Neutral 7 7.0
Agree 34 34.0
Strongly agree 31 31.0
Total 100 100.0

The above table discusses the frequency and percentage of Innovation in infrastructure has

reduced operational costs in the port. In strongly disagree, frequency is 8 and percentage is

8.0%. In Disagree, frequency is 20 and percentage is 20.0%. In Neutral, frequency is 7 and

percentage is 7.0%. In agree, frequency is 34 and percentage is 34.0%. In Strongly agree,

frequency is 31 and percentage is 31.0%.

Graph: 25 Graphical representations of Innovation in infrastructure has reduced
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Table: 26 Efficient cargo handling systems have lowered labor and maintenance

costs.

labor and maintenance costs.

Efficient cargo handling systems have lowered

Frequency | Percent
Strongly disagree 11 11.0
Disagree 18 18.0
Neutral 24 24.0
Agree 20 20.0
Strongly agree 27 27.0
Total 100 100.0

The above table discusses the frequency and percentage of Efficient cargo handling systems

have lowered labor and maintenance costs. In strongly disagree, frequency is 11 and

percentage is 11.0%. In Disagree, frequency is 18 and percentage is 18.0%. In Neutral,

frequency is 24 and percentage is 24.0%. In agree, frequency is 20 and percentage is 20.0%.

In Strongly agree, frequency is 27 and percentage is 27.0%.

Graph: 26 Graphical representations of Efficient cargo handling systems have
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Table: 27 Modern technologies have helped in minimizing cargo handling losses.

Modern technologies have helped in
minimizing cargo handling losses.

Frequency | Percent
Strongly disagree 7 7.0
Disagree 14 14.0
Neutral 17 17.0
Agree 28 28.0
Strongly agree 34 34.0
Total 100 100.0

The above table discusses the frequency and percentage of Modern technologies have helped
in minimizing cargo handling losses. In strongly disagree, frequency is 7 and percentage is
7.0%. In Disagree, frequency is 14 and percentage is 14.0%. In Neutral, frequency is 17 and
percentage is 17.0%. In agree, frequency is 28 and percentage is 28.0%. In Strongly agree,
frequency is 34 and percentage is 34.0%.

Graph: 27 Graphical representations of Modern technologies have helped in

minimizing cargo handling losses.

Modern technologies have helped in
minimizing cargo handling losses.

40 34 34.0
28 280

30

20 14 140 17 17.0

. B 7.0

0
STRONGLY DISAGREE NEUTRAL AGREE STRONGLY
DISAGREE AGREE

E Modern technologies have helped in minimizing cargo handling losses. Frequency

E Modern technologies have helped in minimizing cargo handling losses. Percent

119



Table: 28 Cost savings have been achieved through improved operational efficiency

Cost savings have been. achieved through
improved operational efficiency.

Frequency | Percent
Strongly disagree 11 11.0
Disagree 20 20.0
Neutral 11 11.0
Agree 23 23.0
Strongly agree 35 35.0
Total 100 100.0

The above table discusses the frequency and percentage of Cost savings have been achieved
through improved operational efficiency. In strongly disagree, frequency is 11 and percentage
is 11.0%. In Disagree, frequency is 20 and percentage is 20.0%. In Neutral, frequency is 11
and percentage is 11.0%. In agree, frequency is 23 and percentage is 23.0%. In Strongly

agree, frequency is 35 and percentage is 35.0%.

Graph: 28 Graphical representations of Cost savings have been achieved through

improved operational efficiency.
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Table: 29 Investment in innovation has resulted in long-term cost benefits for the

Investment in innovation [l)l(:ll:.resulted in long-
term cost benefits for the port.

Frequency | Percent
Strongly disagree 13 13.0
Disagree 17 17.0
Neutral 18 18.0
Agree 28 28.0
Strongly agree 24 24.0
Total 100 100.0

The above table discusses the frequency and percentage of Investment in innovation has
resulted in long-term cost benefits for the port. In strongly disagree, frequency is 13 and
percentage is 13.0%. In Disagree, frequency is 17 and percentage is 17.0%. In Neutral,
frequency is 18 and percentage is 18.0%. In agree, frequency is 28 and percentage is 28.0%.

In Strongly agree, frequency is 24 and percentage is 24.0%.

Graph: 29 Graphical representations of Investment in innovation has resulted in

long-term cost benefits for the port.
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Table: 30 Innovative infrastructures has helped reduce environmental pollution at

the port.

Innovative infrastructure has helped reduce
environmental pollution at the port.

Frequency | Percent
Strongly disagree 10 10.0
Disagree 11 11.0
Neutral 16 16.0
Agree 24 24.0
Strongly agree 39 39.0
Total 100 100.0

The above table discusses the frequency and percentage of Innovative infrastructure has
helped reduce environmental pollution at the port. In strongly disagree, frequency is 10 and
percentage is 10.0%. In Disagree, frequency is 11 and percentage is 11.0%. In Neutral,
frequency is 16 and percentage is 16.0%. In agree, frequency is 24 and percentage is 24.0%.

In Strongly agree, frequency is 39 and percentage is 39.0%.

Graph: 30 Graphical representations of Innovative infrastructures has helped

reduce environmental pollution at the port.

Innovative infrastructure has helped
reduce environmental pollution at

the port.
60
39 39.0
40 6 160 24 240
20 10 100 11 11.0 :
T
STRONGLY DISAGREE NEUTRAL AGREE STRONGLY
DISAGREE AGREE

[ Innovative infrastructure has helped reduce environmental pollution at the port.
Frequency

H Innovative infrastructure has helped reduce environmental pollution at the port.
Percent

122



Table: 31 Cargo handling systems are designed to minimize environmental impact.

Cargo handling systems are designed to
minimize environmental impact.
Frequency | Percent
Strongly disagree 12 12.0
Disagree 10 10.0
Neutral 17 17.0
Agree 21 21.0
Strongly agree 40 40.0
Total 100 100.0

The above table discusses the frequency and percentage of Cargo handling systems are
designed to minimize environmental impact. In strongly disagree, frequency is 12 and
percentage is 12.0%. In Disagree, frequency is 10 and percentage is 10.0%. In Neutral,
frequency is 17 and percentage is 17.0%. In agree, frequency is 21 and percentage is 21.0%.

In Strongly agree, frequency is 40 and percentage is 40.0%.

Graph: 31 Graphical representations of Cargo handling systems are designed to

minimize environmental impact.
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Table: 32 Energy-efficient technologies are actively used in port operations.

Energy-efficient technologies are actively
used in port operations.

Frequency | Percent
Strongly disagree 9 9.0
Disagree 12 12.0
Neutral 19 19.0
Agree 25 25.0
Strongly agree 35 35.0
Total 100 100.0

The above table discusses the frequency and percentage of Energy-efficient technologies are

actively used in port operations. In strongly disagree, frequency is 9 and percentage is 9.0%.

In Disagree, frequency is 12 and percentage is 12.0%. In Neutral, frequency is 19 and

percentage is 19.0%. In agree, frequency is 25 and percentage is 25.0%. In Strongly agree,

frequency is 35 and percentage is 35.0%.

Graph: 32 Graphical representations of Energy-efficient technologies are actively
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Table: 33 Innovation has contributed to better waste management practices in the

port.
Innovation has contributed to better waste
management practices in the port.

Frequency | Percent
Strongly disagree 8 8.0
Disagree 15 15.0
Neutral 12 12.0
Agree 27 27.0
Strongly agree 38 38.0
Total 100 100.0

The above table discusses the frequency and percentage of Innovation has contributed to
better waste management practices in the port. In strongly disagree, frequency is 8 and
percentage is 8.0%. In Disagree, frequency is 15 and percentage is 15.0%. In Neutral,
frequency is 12 and percentage is 12.0%. In agree, frequency is 27 and percentage is 27.0%.

In Strongly agree, frequency is 38 and percentage is 38.0%.

Graph: 33 Graphical representations of Innovation has contributed to better waste

management practices in the port.
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Table: 34 Environmental sustainability is enhanced through modern port

technologies.

Environmental sustainability is enhanced
through modern port technologies.

Frequency | Percent
Strongly disagree 6 6.0
Disagree 13 13.0
Neutral 9 9.0
Agree 30 30.0
Strongly agree 42 42.0
Total 100 100.0

The above table discusses the frequency and percentage of Environmental sustainability is
enhanced through modern port technologies. In strongly disagree, frequency is 6 and
percentage is 6.0%. In Disagree, frequency is 13 and percentage is 13.0%. In Neutral,
frequency is 9 and percentage is 9.0%. In agree, frequency is 30 and percentage is 30.0%. In

Strongly agree, frequency is 42 and percentage is 42.0%.

Graph: 34 Graphical representations of Environmental sustainability is enhanced

through modern port technologies.
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4.2 Research question-1 What is the impact of infrastructure innovation
and cargo handling efficiency on operational performance and productivity

in lighterage port operations?

H1: Innovation in port infrastructure has a significant impact on the operational

efficiency of lighterage ports.

Table:35 Regression test.

Model Summary
R Adjusted | Std. Error of the
Model | R Square | R Square | Estimate
1 207¢ .043 .033 74452
a. Predictors: (Constant), Innovation in Port Infrastructure

ANOVA?
Sum of Mean
Model Squares | df Square | F Sig.
1 | Regression | 2.428 1 2.428 4.380 .039°
Residual 54.322 98 554
Total 56.750 99
a. Dependent Variable: Operational Efficiency
b. Predictors: (Constant), Innovation in Port Infrastructure

Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error | Beta t Sig.
1 | (Constant) 2.649 | .531 4.988 | .000
Innovation in Port
Infrastructure 270 129 207 2.093 | .039
a. Dependent Variable: Operational Efficiency
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The results of the regression analysis show that improvements to port infrastructure have a
statistically significant effect on how well lighterage ports work. The model summary
indicates a R value of 0.207, which means that there is a positive but weak link between
improvements in port infrastructure and operational efficiency. The R Square value of 0.043
shows that innovation in port infrastructure explains around 4.3% of the differences in
operational efficiency. The adjusted R Square value of 0.033 shows a small change based on
the size of the sample. The ANOVA findings also show that the model is important, with a F
value of 4.380 and a p-value of 0.039, which is less than the 0.05 level of significance. The
coefficient results also show that innovation in port infrastructure has a positive
unstandardized coefficient (B = 0.270) and a standardized beta value of 0.207. The t-value is
2.093 (p = 0.039), which is significant. This means that making port infrastructure more
innovative can help lighterage ports run more smoothly. The theory is thereby corroborated,
demonstrating that innovation in port infrastructure significantly enhances the operational

performance of lighterage ports.

Ha2: There is a significant relationship between efficient cargo handling systems and

productivity in lighterage port operations.

Table: 36 Pearson correlation test.

Correlations

Efficiency  of | Productivity of
Cargo Handling | Lighterage

Systems Ports

Efficiency  of | Pearson .
1 482
Cargo Handling | Correlation
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Systems Sig. (2-
' .000
tailed)
N 100 100
Productivity of | Pearson e
) ] 482 1
Lighterage Correlation
Ports Sig. (2-
g .000
tailed)
N 100 100
**_ Correlation is significant at the 0.01 level (2-tailed).

According to above table, the correlation value (r = 0.482) shows that when cargo handling
efficiency goes up, production levels in lighterage ports also go up. The significance value (p
= 0.000) is lower than 0.01, which means that the association is very statistically significant
and not just a random change. The sample size of 100 observations enhances the reliability of
the findings. The results show that using better cargo handling systems is a crucial part of
making lighterage port operations more productive as a whole. Consequently, the hypothesis
is validated, demonstrating a substantial correlation between effective cargo handling systems

and productivity in lighterage ports.

4.3 Research question-2 How do improvements in port infrastructure and

cargo handling systems influence cost efficiency in lighterage ports?

H3A: Innovation in infrastructure and cargo handling systems significantly affects cost

efficiency in lighterage ports.

Table: 37 Regression test.

Model Summary

Adjusted | Std. Error of
Model | R R Square | R Square | the Estimate

1 335% | .112 .103 72094

a. Predictors: (Constant), Innovation in Port Infrastructure
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ANOVA?

Sum of Mean
Model Squares | df Square | F Sig.
1 | Regression | 6.425 1 6.425 12.361 |.001°
Residual 50.935 |98 520
Total 57.360 | 99

a. Dependent Variable: Cost Efficiency

b. Predictors: (Constant), Innovation in Port Infrastructure

Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error | Beta t Sig.
1 | (Constant) 2.129 | 514 4.140 | .000
Innovation in Port
439 | 125 335 3.516 |.001
Infrastructure

a. Dependent Variable: Cost Efficiency

The findings of the regression analysis show that improvements in infrastructure have a
statistically significant effect on how cost-effective lighterage ports are. The model summary
indicates a R value of 0.335, which means that there is a moderate positive link between new
ideas for port infrastructure and cost efficiency. The R Square value of 0.112 means that
about 11.2% of the differences in cost efficiency can be explained by new ideas in port
infrastructure. The modified R Square value of 0.103 shows that the model's explanatory
power is still strong after taking into account the size of the sample. The ANOVA findings
support the model even more, with a F value of 12.361 and a significance level of 0.001,
which is lower than the 0.05 criterion. This means that the model is statistically significant.
The coefficient analysis shows that innovation in port infrastructure has a positive
unstandardized coefficient (B = 0.439) and a standardized beta value of 0.335. The t-value is
3.516 (p = 0.001). This means that better infrastructure innovation makes lighterage ports
much more cost-effective. So, the hypothesis is supported, showing that new ideas in

infrastructure are very important for making lighterage port operations more cost-effective.
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HsB: Innovation in infrastructure and cargo handling systems significantly affects cost

efficiency in lighterage ports.

Table: 38 Regression test.

Model Summary

Adjusted R | Std. Error of
Model | R R Square | Square the Estimate
1 336% | 113 104 72045

a. Predictors: (Constant), Efficiency of Cargo Handling

Systems
ANOVA?
Sum of Mean

Model Squares | df Square | F Sig.
1 | Regression | 6.493 1 6.493 12.509 | .001°

Residual 50.867 | 98 S19

Total 57.360 |99
a. Dependent Variable: Cost Efficiency
b. Predictors: (Constant), Efficiency of Cargo Handling Systems

Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error | Beta t Sig.
1 (Constant) 1.929 | .568 3.398 |.001
Efficiency of Cargo
Handling Systems 472 133 336 3.537 |.001
a. Dependent Variable: Cost Efficiency

131



The findings of the regression analysis show that the efficiency of cargo handling systems has
a statistically significant effect on cost efficiency in lighterage ports. The model summary
indicates a R value of 0.336, which means that there is a moderate positive link between how
well cargo is handled and how much it costs. The R Square value of 0.113 means that the
efficiency of cargo handling systems explains about 11.3% of the variation in cost efficiency.
The modified R Square value of 0.104 shows that the model's explanatory power stays the
same even when the sample size is taken into account. The ANOVA results also show that
the model is statistically significant, with a F value of 12.509 and a significance level of
0.001, which is significantly below the 0.05 level. The coefficient analysis shows that the
effectiveness of cargo handling systems has a positive unstandardized coefficient (B = 0.472)
and a standardized beta value of 0.336. It also has a t-value of 3.537, which is significant (p =
0.001). These results indicate that enhancements in cargo handling efficiency markedly
increase cost efficiency in lighterage ports. So, the hypothesis is supported, which means that
efficient cargo handling technologies are very important for making lighterage port

operations more cost-effective.

H4A: Innovation in infrastructure and cargo handling systems has a significant impact

on environmental sustainability in lighterage port operations.

Table: 39 Regression test.

Model Summary
Adjusted R | Std. Error of
Model | R R Square Square the Estimate
1 .625% 1 .390 384 .52920
a. Predictors: (Constant), Innovation in Port Infrastructure

ANOVA?
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Sum of Mean
Model Squares | df Square | F Sig.
1 | Regression 17.555 |1 17.555 | 62.686 | .000°
Residual 27.445 | 98 280
Total 45.000 |99

a. Dependent Variable: Environmental Sustainability

b. Predictors: (Constant), Innovation in Port Infrastructure

Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 | (Constant) 1.140 | .378 3.020 |.003
Innovation in Port
Infrastructure 725 | .092 .625 7.917 |.000
a. Dependent Variable: Environmental Sustainability

The regression analysis shows that Innovation in Port Infrastructure has a big and statistically
significant effect on environmental sustainability in lighterage port operations. The model
summary indicates a R value of 0.625, which means that there is a substantial positive link
between new ideas in port infrastructure and environmental sustainability. The R Square
value of 0.390 shows that innovation in port infrastructure accounts for about 39.0% of the
differences in environmental sustainability. The modified R Square value of 0.384 shows that
the model is still strong after taking sample size into account. The ANOVA findings show
that the model is very important. The F value is 62.686 and the significance level is 0.000,
which is much lower than the 0.05 threshold. This means that the model is very important.
The coefficient results demonstrate that innovation in port infrastructure has a positive
unstandardized coefficient (B = 0.725) and a standardized beta value of 0.625. The t-value is
very significant (7.917, p = 0.000). These results imply that making infrastructure more
innovative and better at handling goods can make lighterage port operations much more
environmentally friendly. Consequently, the hypothesis is validated, illustrating that
infrastructure innovation is essential for enhancing environmental sustainability at lighterage

ports.
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HaB: Innovation in infrastructure and cargo handling systems has a significant impact

on environmental sustainability in lighterage port operations.

Table: 40 Regression test.

Model Summary

Adjusted | Std. Error of
Model | R R Square R Square | the Estimate

1 464° 215 207 .60035

a. Predictors: (Constant), Efficiency of Cargo Handling

Systems
ANOVA?
Sum of Mean

Model Squares | df Square | F Sig.
1 | Regression 9.679 1 9.679 26.855 | .000°

Residual 35.321 | 98 360

Total 45.000 |99
a. Dependent Variable: Environmental Sustainability
b. Predictors: (Constant), Efficiency of Cargo Handling Systems

Coefficients?
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error | Beta t Sig.
1 | (Constant) 1.669 | 473 3.528 | .001
Efficiency of
Cargo Handling | .576 | .111 464 5.182 .000
Systems

a. Dependent Variable: Environmental Sustainability
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The findings of the regression analysis show that the efficiency of cargo handling systems has
a statistically significant effect on environmental sustainability in lighterage port operations.
The model summary shows a R value of 0.464, which means that there is a moderate positive
link between environmental sustainability and cargo handling efficiency. The R Square value
of 0.215 means that the efficiency of cargo handling systems explains about 21.5% of the
differences in environmental sustainability. The modified R Square value of 0.207 shows that
the model is stable even after taking sample size into account. The ANOVA findings also
show that the model is important. The F value is 26.855 and the significance level is 0.000,
which is lower than 0.05, therefore the model is very statistically significant. The coefficient
analysis shows that the efficiency of cargo handling systems has a positive unstandardized
coefficient (B = 0.576) and a standardized beta value of 0.464. The t-value is also significant
at 5.182 (p = 0.000). These results show that making cargo handling more efficient has a big
effect on making lighterage port operations more environmentally friendly. This supports the
premise, which shows that effective cargo handling technologies are vital for making

lighterage ports more environmentally friendly.
4.4 Summary of findings

e The demographic study reveals that responders were spread across several age groups,
with the greatest participation noted among those in the mid-career age range,
suggesting the involvement of seasoned professionals in lighterage port operations.

e The results of the educational qualification survey show that the respondents had a
wide range of academic and technical backgrounds. The largest group had a graduate-
level education, followed by those with a diploma, a professional/technical certificate,
or a postgraduate degree.

e The experience profiles of the respondents demonstrate that there is a good mix of
people with different levels of expertise, with equal participation from professionals
who are just starting out and those who have been in the field for a long time. This
makes the responses more reliable and useful.

e The operational involvement research shows that 42% of respondents were actively
involved in port operations, 39% were in support roles, and 19% were in charge of
making decisions or managing individuals. This shows that there are different levels

of operational involvement.
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e The regression results reveal that improving port infrastructure is linked to better
operational efficiency, with R = 0.207, R? = 0.043, and p = 0.039. This means that
building new infrastructure helps operations run more smoothly.

e The correlation analysis between the efficiency of cargo handling systems and
productivity reveals a moderate positive relation, with r = 0.482 and p = 0.000. This
indicates that enhanced cargo handling systems are linked to increased productivity
levels in lighterage ports.

e The regression study investigating the effect of infrastructure innovation on cost
efficiency reveals a moderate positive correlation, with R =0.335, R2=0.112, and p =
0.001, indicating that the modernization of port infrastructure facilitates cost
optimization.

e The regression results for cargo handling efficiency and cost efficiency demonstrate a
positive relationship with R = 0.336, R*=0.113, and p = 0.001. This means that better
cargo handling systems aid lower operating costs.

e The analysis of the correlation between infrastructure innovation and environmental
sustainability reveals a robust positive association, with R = 0.625, R? = 0.390, and p
= 0.000, signifying that infrastructure modernization plays a crucial role in promoting

environmentally responsible port operations.

4.5 Conclusion

This study establishes the essence of infrastructure and effective cargo handling as absolutely
vital to enhance performance in the lighterage port. Even though the statistically significant
but low impact of infrastructure upgrades on operational efficiency is observed, it still allows
operations to run more smoothly. Cargo handling efficiency, on the other hand, is directly
linked more to productivity, which indicates its prime position in increasing port production.
Cost efficiency is also significantly advanced in modernization as it reduces the costs and
increases the financial performance. To be sustainable, infrastructure improvements are a
major contribution factor and moderately beneficial is cargo handling efficiency. Therefore,
integrated emphasis in the new infrastructure and efficient cargo processes is necessary in the
realization of operational excellence, improved productivity, reduced costs, and
environmental sustainability. The findings also indicate that infrastructure innovation as well
as cargo handling efficiency both significantly lower the costs. The optimization of processes,

as well as modernization, reduces costs of operation and enhances financial health, which is
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why investing in the physical assets and in the effective practices is significant. Regarding the
environmental sustainability, the infrastructure innovation generates a significant amount of
gains, whereas the cargo handling efficiency provides average increases. They are all part of

the essential plan of operational efficiency, increased productivity, costs reduction, and

greener port operations.
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CHAPTER -5

DISCUSSION

5.1 Discussion of Result:

The demographic analysis gives the appropriate background in the interpretation of the
responses in the study. The majority of the participants are actively involved in the lighterage
port operations such as the management, logistics, and cargo handling which makes the data
provided by qualified and knowledgeable professionals and increases the credibility. The
respondents have presented equal representation of middle and highly skilled staff that
encapsulates the old school and the new vision. Moreover, cross-functional representation

provides the overall picture of port operations.

The state of infrastructure and operations is reflected in responses to non-hypothesis (general)
questions. A substantial number concurred that there was a need to modernize existing
infrastructure particularly storage, berthing and hi-tech technologies. There is a slow but
steady introduction of digital and smart systems which are just being adopted. Better
infrastructure and integration of technology have impacted positively on coordination of

stakeholders and communication as well as streamline operations.

The paper also reveals that there are changes in the cargo handling practices where efficiency
and time management is increasingly emphasized. Respondents recognize that efficient
systems will minimize congestion, delays and turnaround times. Nevertheless, there are still
issues to deal with, namely, the lack of mechanization, training, and necessity to use manual
procedures in certain operations, which underscores the necessity of continuous development

of operations and workers.

Overall, the discussion shows that the lightenage port is currently on its way to modernization,
but still, there are some gaps in infrastructure, adoption of technologies, and efficiency in
operations. The lessons of strategic investments, technology updates, and development of the

skillset are highlighted to improve the overall performance and sustainability.
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5.2 Discussion of Research Question one.

According to the results findings, the infrastructure innovation and cargo handling efficiency
have a definite influence on the performance and productivity of the operations in lighterage
ports. The infrastructure innovation regression shows that there is a positive correlation with
operational efficiency, and the strength is not very high. It implies that the improvements in
the port infrastructure like modernised facilities and improved systems do contribute to the
running of operations in a smooth environment, but they are not the only contributing factor.

Efficiency is also guided by other operational and managerial factors.

Cargo handling efficiency on the other hand bears a more pronounced and more pronounced
relationship with productivity. The result of the correlation analysis shows that there is a
moderate positive and significant relationship, i.e. the management of cargo has a direct
positive effect on the productivity of the port in terms of minimizing delays, accelerated
turnaround time, and minimization of congestion. Cargo handling efficiency affects

operational outcomes faster and more visible as compared to infrastructure innovation.

Overall, the discussion emphasizes the fact that cargo handling efficiency is the decisive
element of productivity even though infrastructure innovation provides a required basis.
Combined, these aspects enhance performance, and a higher focus on the optimization of
cargo handling process can be used to bring a greater and quicker benefit on the lighterage

activities of the ports.

5.3 Discussion of Research Question Two.

The findings of the study indicate that infrastructure innovation as well as the efficiency of
cargo handling have a great impact on cost efficiency and environmental sustainability of the
lighterage ports. Findings of the regression on cost efficiency substantiate that cost of
operation is reduced by innovations in port infrastructures like the upgrading of facilities and
modernized systems. Similarly, cost efficiency is also enhanced by efficient cargo handling

that decreases delays, lessens resources wastage, and enhances financial performance.

Environmental sustainability, the results indicate that infrastructure innovation has a highly

significant effect, which is significant. The contemporary infrastructure makes it possible to
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implement environmentally friendly behaviors, improved use of energy, and less harm to the
environment. Sustainability is also significantly, albeit moderately contributed by cargo
handling efficiency, which assists in reducing emissions, fuel consumption and operational

wastage.

Overall, the both infrastructure and cargo handling systems should be enhanced in order to
ensure a cost-effective and eco-friendly operation. The innovation of infrastructure has a
somewhat greater sustainability role, but the two factors combined uplift the long-term

performance and environmental care of lighterage ports.
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CHAPTER -6

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS

6.1 Summary

The research provides a full perspective of the way in which the innovation in infrastructure
and the efficiency of cargo handling improve the overall performance of the lighterage port.
The analysis is conducted using correlation methods and regression analysis, to determine the
correlation between the operational efficiency, productivity, cost efficiency and

environmental sustainability.

In independent variables of operation efficiency, the results indicate that innovation in
infrastructure has a positive statistically significant influence but the correlation is low as
indicated by low values of R and R 2. This is an indication that although infrastructure
investment, such as the development of modern port infrastructure, the introduction of more
advanced equipment, and an increase in efficiency of logistics do positively impact efficiency,
they only describe a minimal fraction of the performance difference. The other factors which
contribute a lot include the management practices, efficiency of workforce and coordination

mechanisms.

However, cargo handling efficiency proves to have a stronger effect on productivity that is
more direct. The correlation analysis shows that the connection between the efficient cargo
handling systems and the productivity levels is average and highly significant. This implies
that improved loading and unloading operations, enhanced turnaround time, and enhanced
coordination has a great effect on enhancing the port output. These findings highlight the
importance of cargo handling efficiency as an important operation element that directly

influences the daily performance of the port.

The paper also examines how the two variables influence the cost efficiency. The findings of
regression ensure that the positive impacts of infrastructure innovation and cargo handling
efficiency are statistically significant and positive influence on the cost of operations. The
innovation in infrastructure enhances cost-efficiency through the improvement of resource

utilization, reduction of delays, and the performance of systems. Effective cargo handling
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systems reduce wasteful costs in the form of streamlined operations, less labor and fuel costs
and losses in congestion. Although the explanatory power of these models is moderate, it is
clear that both factors are significant contributors of finances in the light operations of the

port of lighterage.

In addition, the findings also indicate the importance of infrastructure innovation in
promoting environmental sustainability. The regression analysis indicates that there exists a
strong and highly significant relationship between infrastructure innovation and sustainability
with a relatively high value of R 2. Innovative infrastructure, which is used nowadays,
significantly reduces the impact on the environment through energy efficiency, decreased
emissions, and more efficient waste disposal. Therefore, a sustainable technology and
environmentally friendly infrastructure should be adopted in long-term environmental

objectives in ports operation.

The effectiveness of handling cargo also positively impacts on environmental sustainability
but the relationship is moderate. Effective management systems mitigate fuel, idle time and
emissions that are caused by delay and congestion. Such findings indicate that whereas the
infrastructure innovation plays a leading role in sustainability, effective cargo processing is

also a supporting role.

Overall, the research confirms that the infrastructure innovation and the cargo handling
efficiency are significant determinants of the lighterage port performance. The infrastructure
innovation offers a long-term support in terms of better operations and sustainability, whereas,
cargo handling efficiency has a more direct, immediate effects on costs and productivity.
Combined, the factors will improve operational efficiency, productivity, increase cost

effectiveness and promote environmental sustainability.
6.2 Implications

Strategic Significance of Investment in Infrastructure: The results indicate that the
modern port infrastructure is required to enhance efficiency, cost-effectiveness, and
sustainability. The process of modernizing the berthing facilities, storage systems, and
logistics networks should be of priority to the policymakers and the port authorities in order
to facilitate the operations and long-term growth.
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Pay Attention to Optimization of Cargo Handling: As cargo handling performance has a
significant influence on productivity and cost-efficiency, it is imperative that port
management focuses on the implementation of modern cargo handling technologies,

automation, and improved scheduling systems and aims to boost operational performance.

Implementation of Sustainable Infrastructure Practices: Close interaction between
infrastructure innovation and environmental sustainability suggests that ports are to
incorporate the environmentally friendly technologies, including energy-efficient devices,

green logistics, and reduction of emissions to achieve the environmental standards.

Policy Formulation and Government Support: The government should come up with
favourable policies, offer financial incentives and foster public private collaborations to

encourage innovativeness and modernization in the lighterage ports.

Training and Skill Development: The findings indicate that there is a requirement to carry
out capacity building and workforce training to use the modern infrastructure and the
development of the advanced cargo handling systems. Highly qualified staff is the key to

ensuring the best of technological progress.

Enhanced Operational Planning and Co-ordination: The coordination of the stakeholders
is needed in efficient cargo handling and infrastructure systems. Ports must adopt a digital

platform and built-in management systems to enhance communication and decision-making.

Cost Reduction Strategies: The profound influence on the cost-efficiency suggests that
ports are bound to implement the methods of process optimization, minimize the time of

operation, and improve the use of resources to become financially sustainable.

Promotion of the Integration of Technology: The research suggests that efficiency and
coordination during the operations of the port can be improved considerably with the gradual

evolution of digital and smart technologies (tracking systems and automated processes).

Balanced Development Approach: These findings reveal that it is not enough to
concentrate on infrastructure only but equal emphasis should be given to operational
efficiency particularly the cargo handling processes to ensure optimal performance is

achieved.
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6.3 Recommendations for Future Research

Increase Sample size and Geographic scope: The research should be expanded in future by
use of a larger sample and the study done on more of the lighterage ports in various regions
or countries. This will promote externalizable of results and further understanding of

operation of ports in the world.

Include Longitudinal Research Design: As the current study is cross-sectional, the future
research can take longitudinal design in order to study changes across time. This will aid in
the determination of the long-term effects of infrastructure innovation and efficiency in

handling cargo on port performance.

Pay attention to the Digital Transformation: The application of digital technologies,
including automation, artificial intelligence, IoT, and smart port systems, in enhancing
efficiency, coordination, and sustainability, needs to be examined specifically in future

studies.

Comparative Studies: Researchers can also compare comparatively between light ports and
deep harbors or developed and developing areas in order to determine the best practice and

areas of performance differences.

Use Mixed-Method Approaches: The qualitative methods that could be introduced with the
course of the analysis, including interviews and case studies, and the quantitative analysis,
should help to gain some insight into the operational issues and the practical implementation

problems.

Sector-Specific Analysis: The following research directions may be the specific types of
cargo (e.g., bulk, container, liquid cargo) to learn how the requirements of handling vary and

influence efficiency and sustainability.

Environmental Impact Assessment: Further studies should be conducted to compare
particular environmental pointers like carbon emissions, energy use, and waste management

within the port operations.
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Effects of Policy and Regulations: Future studies can examine the impacts of government
policies and environmental laws as well as international shipping standards on innovation and

operational performance of ports.

Barriers to Technology adoption: Research must explore the difficulties and obstacles
encountered by the lighterage ports in the process of embracing modern technologies and

these may include lack of finances, expertise, and change resistance.

6.3 Conclusion

The study examined the effect of innovation in infrastructures and effective cargo
management systems in the lighterage ports in terms of performance in operational activities,
turnaround time and overall efficiency of logistics. The results are convincing that ports that
embrace the use of modern infrastructure and innovative methods of handling cargo perform
much better in terms of productivity and the reliability of services. Mechanization of
equipment, computerized tracking and simplification of operations minimizes delays, limits
errors in handling cargo and enhances the coordination between stakeholders. As a result,
such ports are able to handle higher cargo volumes more efficiently while maintaining cost

effectiveness.

The study also emphasizes that the traditional lighterage port operations are still struggling
with issues of manual handling inefficiencies, congestion, and poor infrastructure and the
absence of technology integration. These constraints do not only add to the cost of operations,
but also impact on turnaround time and customer satisfaction in an unfavorable way. The
research however shows that these challenges can be overcome through adoption of
innovative solutions like automation, real time data systems and better infrastructure planning.
The ports using the measures enjoy the advantage of having a smoother operation, less
reliance on manual labor, and greater decision-making powers. This supports the need to
keep pace with technological advancements in infrastructure development to attain the best

outcomes.

Moreover, the paper focuses on the importance of strategic planning and collaboration with
the stakeholders in ensuring effective implementation of innovative systems. The
infrastructure cannot be invested in without efficient management practices and coordinated
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logistics networks. Findings indicate that a comprehensive strategy, comprising of
infrastructure modernization, process optimization and technology adoption is critical in
attaining sustainable gains in the performance of the lighterage ports. This will not only
improve the efficiency of operations but will also boost the competitive edge of ports within

the global maritime trade set up.

Overall, the paper confirms that a major source of efficiency, productivity, and sustainability
in the long term in lighterage ports is infrastructure innovation and the innovation of cargo
handling systems. The key findings are that there are significant reductions in operational
inefficiencies and growth in throughput and service quality through superior technological
integration, better handling processes and planned infrastructure. The results of these studies
offer a good guide to port authorities and policy makers to focus more on innovation-based

approaches in port development.

The implications of this study will be far reaching in the next 5-10 years. Due to ongoing
growth in global trade, lighterage ports will be pressured to become more efficient and
capacity-wise. Smart technologies, automation, and sustainable practices towards the
environment will be required to address these demands. Those ports that adopt these
innovations will be in a better position to manage the future challenges, enhance
competitiveness and boost economic growth. So, this research will provide valuable insights
that may be used in future policy making, investment plans, and operational enhancement so

that lighterage ports can become more efficient, resistant, and technologically advanced.
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APPENDIX A
SURVEY COVER LETTER
To Whom It May Concern,
Greetings

The topic of my research study is Impact of Innovation in Infrastructure and Efficient Cargo
Handling Systems in Lighterage Ports for my doctoral research work on the doctorate of
business administration (DBA) at the Swiss School of Business and Management. The study
attempts to know how the impact of infrastructure innovation and efficient cargo handling
systems on operational efficiency, productivity, cost efficiency, and environmental

sustainability in the light operations in the port.

Your expertise and knowledge are very important as a professional who is either engaged in
the port operation, logistics or other maritime activities. I am requesting you to fill this survey
by filling the questionnaire attached to it. The questionnaire will aim at collecting your

perception on the most important areas that include:

e Port operations innovation in infrastructure.
e (Cargo handling system efficiency.

e Operational performance and productivity.
e Resource efficiency and cost-efficiency.

e Sustainability of the environment.

Your answers will be highly confidential, and will not be utilized by any other purpose. The

data analysis will be conducted on aggregate terms and no specific responses will be revealed.

Your presence is voluntary. The questionnaire will take about 10-15 minutes to answer. Your
contribution will assist us to know the challenges and opportunities in the lighterage port
operations and come up with recommendations towards improving efficiency and

sustainability.

If you have any questions or require further clarification, please feel free to contact me at:
Email:

Contact Number:
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Thank you for your time and cooperation.

Sincerely,
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APPENDIX B
INFORMED CONSENT FORM
Research Title:

Impact of Innovation in Infrastructure and Efficient Cargo Handling Systems in Lighterage
Ports

Researcher:
Program:
Institution:

Contact Information:
Introduction

You are being invited to take part in a research work done on my behalf as a DBA student.
This paper is devoted to the idea of infrastructure innovation and effective cargo handling

systems in the improvement of the performance of lighterage ports.
Purpose of the Study

This paper discusses the effects of the realization of innovations in the port infrastructure and
cargo handling systems on the operational efficiency, productivity, cost efficiency and

environmental sustainability of the lighterage port operations.
Participation Details

e You will fill in an organized questionnaire.
e The questionnaire will require the respondent some 10-15 minutes to complete.
e It will inquire of your working experience and impressions connected with port

operations and systems of cargo handling.
Voluntary Participation

e This is a voluntary process.
e You can also skip any of the questions you are not comfortable answering.

e You are free to pull out of the study without any penalty.
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Confidentiality

e All the information will be highly confidential.

e No personal information (name or organization) will be found out.

The data will not be exposed to any external parties, but the presentation will be in the

aggregate form only with academic purposes.
Risks and Benefits

e Risks: There are no risks in participation
e Benefits: There is no immediate personal benefit, but your answers will be used in
academic research and have the potential to make light operations in port operations a

better practice.
Consent Statement
When you continue with the questionnaire, you are sure that:
You have read and comprehended what is mentioned above.
You willingly consented to take part in this research study.
You have heard that you may withdraw any time, penalty free.

Participant’s Name:

Signature:

Date:

Researcher’s Name:

Signature:
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APPENDIX C
INTERVIEW GUIDE (Indicative / Supporting Tool)
Research Title:

Impact of Innovation in Infrastructure and Efficient Cargo Handling Systems in Lighterage

Ports

Researcher:

Program:
Interview Guide Propose.

This interview guide is in support of the structured questionnaire that will be used in this
study. In spite of the fact that the main research is a quantitative one, the guide summarizes
the major areas of the thematic focus and may be applied to the informal discussions or

expert opinions to supplement the conclusions.

The questions are consistent with key constructs of the research such as infrastructure
innovation, cargo handling efficiency, operational performance, cost efficiency, and

sustainability in the operations of lighterage port.
Section A: Infrastructure Innovation

1. What is the condition of infrastructure in your port?
2. What are some of the infrastructure innovations that have been launched in the recent
years?

3. What do you think these innovations have done to the port operations and efficiency?
Section B: Cargo Processing Effectiveness.

4. Which cargo handling systems do you have now in your operations?

5. What is the effectiveness of these systems in terms of minimizing delays and
increasing turnaround time?

6. What are your difficulties in controlling the multi-stage freight handling operations in

the lighterage?

Section C: Operational Efficiency and Productivity.
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7. What is the effect of the infrastructure and cargo handling systems on the overall
operational efficiency?
8. Is modernization improving the cargo throughput or productivity?

9. Which are the general operational bottlenecks in lighterage port operations?
Section D: Cost Efficiency

10. What is the effect of infrastructure improvements and better handling systems on the
operation costs?

11. Have the technological advances led to cost saving at your port?

12. What are the remaining cost issues in the lighterage operations?

1. E: Environmental Sustainability.

13. What are the measures to minimize the environmental impact in cargo handling?

14. What has innovation brought to sustainable operations of the ports?

15. What are the environmental issues experienced in lighterage port systems?
Section F: Technological Integration.

16. How do digital technology and digital technology affect your port operations?
17. What is the effectiveness of real-time data systems in enhancing the coordination and
decision-making?

18. What technology do you suggest to improve its efficiency?
Section G: Issues and Future Prospects.

19. What are the key problems with implementing modern infrastructure and technologies?
20. What are some of the external influences like weather and tides on operations?

21. What is your anticipation of the future in lighterage port operations?
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APPENDIX D

QUESTIONNAIRE

Demographic Profile of Respondents

1. Gender
o Male
2. Age Group

o Below 25 years

o 25-34 years

o 35-44 years

o 45-54 years

o 55 years and above
3. Educational Qualification

o Diploma

o Graduate

o Postgraduate

o Professional/Technical qualification
4. Years of Experience in Maritime / Port Sector

o 1-5years

o 6-10 years

o 11-15 years

o More than 15 years
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5. Type of Involvement with Lighterage Port Operations
o Direct operational involvement
o Indirect/Support role
o Management/Decision-making role
Below variables-based questionnaire will follow 5-point Likert scale

Strongly disagree
Disagree
Neutral

Agree

A

Strongly agree
Independent Variables
1. Innovation in Port Infrastructure
1. The lighterage port has adopted modern and upgraded infrastructure facilities.
2. Infrastructure innovations have improved overall port functionality.
3. The use of digital and smart infrastructure systems is evident in port operations.
4. Infrastructure modernization has enhanced safety and reliability in port activities.
5. Continuous investment in innovative infrastructure is prioritized by port authorities.
2. Efficiency of Cargo Handling Systems
1. Modern cargo handling equipment is effectively used in lighterage port operations.
2. Automation and mechanization have improved cargo handling processes.
3. Cargo handling systems reduce delays during loading and unloading operations.
4. Technological upgrades have improved the accuracy of cargo handling activities.

5. Efficient cargo handling systems have minimized operational disruptions.
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Dependent Variables
3. Operational Efficiency
1. Port operations are carried out smoothly with minimal operational bottlenecks.
2. Innovation has improved coordination among different port activities.
3. Resource utilization in the port has become more efficient due to innovation.
4. Operational processes are better streamlined with modern systems.
5. Infrastructure and technology upgrades have reduced operational errors.
4. Productivity of Lighterage Ports
1. Cargo throughput has increased due to improved infrastructure and systems.
2. Employee productivity has improved with the use of advanced cargo handling tools.
3. The port is able to handle higher cargo volumes efficiently.
4. Technological innovation has enhanced overall port productivity.
5. Productivity targets are achieved more consistently after modernization.
5. Cost Efficiency
1. Innovation in infrastructure has reduced operational costs in the port.
2. Efficient cargo handling systems have lowered labor and maintenance costs.
3. Modern technologies have helped in minimizing cargo handling losses.
4. Cost savings have been achieved through improved operational efficiency.
5. Investment in innovation has resulted in long-term cost benefits for the port.
6. Environmental Sustainability

1. Innovative infrastructure has helped reduce environmental pollution at the port.
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Cargo handling systems are designed to minimize environmental impact.
Energy-efficient technologies are actively used in port operations.
Innovation has contributed to better waste management practices in the port.

Environmental sustainability is enhanced through modern port technologies.
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