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ABSTRACT

The fourth industrial revolution is bringing about a series of technologies like Internet of
Things (10T), artificial intelligence (Al), blockchain, cloud computing, cyber-physical systems,
smart manufacturing, sensors etc., in supply chain networks. Port Logistics is a crucial element
of supply chain networks and it is inevitably affected by these significant changes. Port and
shipping are considered as the key factors for the development and economic growth of a
country. Port is not only a linkage between sea and land but it is also an economic concept. It
can accommodate warehouses, logistics facilities, cities and industrial complexes that serves
coastal and overseas traffic. Port Logistics is a term used to describe logistics and distribution
services based at the ports where goods arrive.

Port logistics has been an important component of the Indian economy, accounting for more
than 90% of Export/Import (EXIM) trade by volume and 72% by value. More than 1 billion
tons of cargo was handled across 200 ports during the financial year 2015. In recent years,
global transportation network evolves a lot and led to a situation where Indian ports lacks in
necessary draft to handle the largest vessels, inefficiency due to poor hinterland connectivity
through highways, road, rail, inland waterways and coastal shipping, inadequate cargo-
handling equipment and machinery, inadequate navigational aids, lack of technical expertise
and lack of facilities and IT systems. It is, therefore, necessary to assess the inefficiencies in
the port logistics to ensure effective operation of ports. This requires a proper understanding of
the barriers/inhibitors affecting the port logistics in Industry 4.0 era for emerging economies,
risks associated with those barriers, their effect on different economic, environmental and
operational criteria and various mitigation strategies to deal with the same. Analysis of previous
research in context of Port Logistics highlighted the following areas, which needed further

study which were taken up as research objectives:



e To develop a systematic framework for operational and technical issues in port
logistics and to study port logistics performance in an Indian shipping port.

e To identify and model various barriers/inhibitors present in port logistics while using
smart emerging technologies in the Industry 4.0 era.

e To do the severity analysis and risk profiling of the barriers/inhibitors involved in port
logistics in the Industry 4.0 era.

e To develop a model to study the impact of the COVID-19 pandemic on port logistics

and the Indian economy.

The first part of the study deals with the development of a comprehensive framework for
managing port logistics issues. Issues related to loading/unloading, transit, storage
(warehouse), customs clearance, regulatory authorities, port management unit and inland
transport connection providers are studied. The study provides a conceptual model along with
a final implementable model that would help concerned authorities such as state government,
central government and policy-makers to have a profound understanding of the issues and
challenges faced at different phases of port logistics. Further, the study aims to study the port
logistics performance of an Indian Container Shipping Port which has posted a negative
Compound Annual Growth Rate (CAGR) of 0.7 per cent for total traffic in the FY2012 —
FY2016.

In the second part of the study, for emerging economies identification of key barriers for port
logistics in Industry 4.0 era is carried out. It uses Total Interpretive Structural Modelling and
Stakeholder’s theory to develop a hierarchical model. It senses the significance of each
stakeholder to understand and model the driver and dependence relationships between the
barriers. Further, it classifies the barriers into the eight-levels hierarchical model. MICMAC
analysis has been used to categorize the identified barriers into four clusters. Finding reveals
some of the transitive and significant links, which helps stakeholders to sense the significant

areas which need higher attention to restrict the port logistics barriers.



The third part of the research deals with the development of a quantification model to help
decision-makers in achieving sustainability in port logistics in the era of Industry 4.0. The
model ranks the barriers based on various criteria such as environment, economic and
operational. The study is conducted in various phases. In the first phase, ERA is used to obtain
the severity value and prioritize the barriers on various criteria. Further, fuzzy set theory is used
to remove the vagueness in decision making and expected utility theory is used to obtain the
crisp values of the barriers. In the second phase, a new approach has been proposed by changes
the importance of criteria to develop a continuum of scenarios and to study the changing
behavior of the barriers. Lastly, by identifying various risks associated with barriers of port
logistics in Industry 4.0 era and categorize them into subparts based on their intensity.

The last part of the research is focused on developing a scenario-based interval-input-output
model to analyze the risk of the COVID-19 pandemic on port logistics and the Indian economy.
COVID-19 pandemic is considered as a disruption, which causes explicit threats to the
economy of the country. The study investigates how different sectors are interconnected with
each other, to analyze the effect of disruptions on matrices like inoperability and economic loss
and studies how the effect of disruption propagates from one sector to other sectors.

This study concludes by deriving learnings from different phases and synthesis of research
results. Major contributions and significant findings made through this research were also
summarized. Various implications and contributions in the domain of port logistics for
concerned policy-makers and decision-makers were also discussed. At last, the limitation of
research and the scope of future research was also discussed.

Keywords: Port logistics, Container Shipping Port, Barriers, Risk profiling, Severity Analysis,
TISM, FERA, SSM, SAP-LAP, Input-Output Modelling, Interval Programming, Economic

Loss, Inoperability
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