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Abstract

On the account of phenomenal growth in container volumes in the last ten years,
the maritime supply chains (MSCs) have been expanding in India. With growing
container volumes, it becomes important to develop, modernize and manage the
maritime supply chains. Amid ferocious competition, efficiency, productivity,
effectiveness, and cost reduction are the key elements for maritime supply chains
to remain sustainable for long. However, the presence of barriers or constraints
has obstructed the smooth flow of containerized freight and the entire maritime
supply chain system is crippled. Barriers or constraints have surged costs and led
to immense operational inefficiencies. Additionally, the long-term impacts of the
barriers and constraints have led to many of the actors and stakeholders in
maritime supply chains undergoing financial distress and even bankruptcy. The
sector has largely become unattractive and the rivals in the neighboring countries
are getting benefitted. For instance, despite significant efforts over years, ports in
India have not been able to attract India’s transshipment volume which is handled
by Port of Colombo and other neighboring ports. The maritime supply chain is
comparatively a new concept in the research world and only a few researchers
have tried their hands on it. The implications of existing studies on maritime
supply chains are either region-specific or in context to global. Moreover, these
studies focused on barriers to integration and information technology
implementation in the maritime supply chains. There exists no study which
proposes a strong integrated model/framework for evaluating barriers/constraints
specific to containerized freight and strategies to subjugate the influence of
barriers, which makes it a predominant research gap. This study has funneled
down the research gap further to only containerized freight, which is an untapped
area to work on. Most importantly, a part of the current study is motivated by Dr.
Manmohan Singh’s (Former Prime Minister) doctoral research thesis with the title
“India's export performance, 1951-1960, export prospects and policy

implications” pursued at the University of Oxford.



In the first part of this research, categories, and sub-categories of the barriers and
strategies to overcome those barriers/constraints are discerned by thoroughly reviewing
available literature. Additionally, Drewry Maritime Research and Drewry Supply Chain
Advisors provided immense support through the latest research reports and data
intelligence on barriers/constraints. Delphi survey technique was employed to finalize the
set of categories and sub-categories of barriers and strategies to subjugate these barriers.
Subsequently, the Fuzzy Analytic Hierarchy Process (FAHP) is employed to prioritize
categories and sub-categories of the barriers by calculating their weights and ranks. The
analysis exhibits that the Infrastructural barriers (IFBs) are censorious in nature and are
the foremost inhibitor in the entire maritime supply chains of containerized freight.
Likewise, legal barriers (LGBs) are ranked second most critical in nature and thus need
the utmost attention of strategists and policymakers. Among sub-categories, LGB?2 i.e.,
“Unsupportive government policies, laws, and regulations for the actors in the maritime
supply chains” is ranked one, and TEB2 i.e., “Poor quality of equipments and cranes at
ports” is ranked second most critical in nature. Similarly, ECB2 i.e., “Steady growth of

cargo generating sectors” is ranked three among sub-categories of the barriers.

Identically, the Fuzzy Technique for Order of Preference by Similarity to Ideal Solution
(FTOPSIS or Fuzzy TOPSIS) is engaged to derive ranks of the strategies to subjugate the
barriers/constraints. The analytical case of maritime supply chains of containerized
freight in India is put on the test to exhibit the use of the propounded integrated
framework. The ranking obtained with the FTOPSIS method exhibit top three strategies
as; ldentification and development of dedicated feeder and hub ports infrastructure,
Competitive port charges and Modern cranes and equipments like Automated Guided
Vehicles (AGVs), Global Positioning System (GPS), Automated Gate Systems (AGS),
Radio Frequency ldentification (RFID), Ship profile scanning system, etc., that need
immediate attention of the actors and stakeholders. This research propounds a precise,
effective, and organized decision support environment for stage-wise executing the

strategies to boost the effectiveness and competence of the maritime supply chains.

Key Words: Maritime supply chains; Barriers; Strategies; Fuzzy AHP-TOPSIS;
Sensitivity Analysis; India
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Chapter 1

Introduction and Background

Overview

The first chapter exhibits the background of current research with a detailed
introduction to the theme “maritime supply chains”. Chapter one elucidates some
relevant concepts which are imperative to comprehend the quintessence of the
entire thesis. This chapter also sheds light on how India’s containerized freight
trade has developed over time, and how barriers/constraints are holding back the
growth of this sector. The business problem and research problem are drafted
separately in this chapter. Further, the first chapter draw research questions and
research objectives. Additionally, this chapter explores the barriers in the

maritime supply chains of Indian containerized freight with shreds of evidence.

1.1 Background of the Study

India, being an ancient civilization and one of the fastest-growing economies in
the world, has shown a rich maritime culture in the past, evidence of which can be
traced back to the Indus valley civilization (Jarrige and Meadow, 1980). The
excavation of Lothal’s dock gave signs of maritime activities and possible trade
between ancient India and other parts of the world (Leshnik, 1968). During
excavations at the sites of Harappan civilization settlement, a huge man-made
basin alongside the settlement zone was found. However, many sites across India
are still being excavated (e.g., Sinauli in Uttar Pradesh, Keezhadi in Tamil Nadu,
Singrauli in Madhya Pradesh) and more pieces of evidence will be unearthed in
the coming times. In recent history, i.e., during the Mughal era, several industries
flourished in India, and the arrival of the Portuguese, the Dutch, and the English
not only uplifted the trade but also helped and developed maritime trade and
routes (Irwin, 1991). Many ports prospered and flourished the trade along the

coastline during this era. Bowen (2002) concluded Company rule was a foremost
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source that helped in the establishment of the British Empire in India which
further took control of administrative and public finances. Foreign invaders did
set up industries and developed maritime supply chains to produce, manufacture
and export but only for their interests.

Indian politician and renowned writer Shashi Tharoor (2016) wrote, “When the
East India Company gained control of the country, in the mayhem that ensued
post disintegration of the Mughal Empire, India’s share in the world GDP (Gross
Domestic Product) was 23%”. However, when the Britishers left, it was just
above 3%. In the last couple of centuries, trade and transportation evolved
gradually in the Indian sub-continent. Around 1956, a trucking company owner
named Malcolm Mclean introduced the concept of containerization which
revolutionized the shipping industry because of its inter-modalism (later replaced
with multi-modal transportation). With time, efficient supply chain networks were
evolved to minimize costs. Since then, containerization has evolved year by year,
and in the present times, we see modern ports, bigger and faster container ships
delivering cargo complying with the concept of just-in-time. Over a period of
time, maritime facilities and inland transportation modes were developed to reach
the current stage. Similarly, the maritime supply chain or MSC is comparatively a
new concept for India and is gaining importance, however, further growth and
development of the maritime supply chains is hindered because of the presence of
internal and external barriers/constraints/bottlenecks. Not just that, because of the
presence of barriers; actors and stakeholders in the maritime supply chain sector
are suffering huge monetary losses every year, which is mentioned in detail in the
business problem section. There is a lack of literature and understanding on the
maritime supply chains of containerized freight in the Indian context. The goal of
this study is management and analysis of the barriers of the maritime supply chain
of Indian containerized freight. Therefore, the primary aim of this study is to
identify and assess those barriers and understand the criticality and relationship
among them. Thereafter, to subjugate the impact of these barriers, strategies are

discerned and evaluated.
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1.2 Concepts and Operating Definitions

Before understanding the data and methods for analysis, it is imperative to
understand crucial concepts and definitions. Therefore, this section exhibits a
brief introduction and understanding of some important concepts such as;
containerization and containerized freight, container shipping; maritime supply
chains, and barriers in the maritime supply chains.

1.2.1 Containerization or containerized freight

Containerization is the practice of properly packing and stuffing finished or semi-
finished commodities in maritime containers (20ft and 40ft containers are most
commonly used in international maritime trade) for transportation from the
importer to the exporter’s premise. Before the concept of containerization, freight
was transported in loose form and this used to take longer transit time i.e., the
time between picking the shipments at origin and delivering at the destination.
Earlier, different types of goods were handled and transported together in the
same vessels and this would lead to delay in shipments reaching their respective
destinations. Also, before containerization, freight transportation services were
costly, time-consuming, inefficient, unproductive, and unreliable. The concept of
containerization gained importance in a very short period of time because it is
comparatively easy for maritime containers to change the mode of transport.
Containerization has become the most optimal mode of freight transportation and
this can be supported by the fact that there are different types of containers
available for transporting a variety of commodities for example; dry containers,
high cube containers, open-top containers, flat rack containers, open side

container, reefer, and tank containers, etc.
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1.2.2 Container shipping

Malcolm Mclean is the person who began the practice of transporting freight in
maritime containers in 1956, and also, patented the first container ship. The
reason why container shipping was widely accepted and practiced because it is an
economical mode of transport, whether one wants to ship perishables, industrial
tools, machines, cars, tractors, electronic gadgets, or clothing. Container shipping
is also called liner shipping because container ships have pre-defined schedules
on pre-determined routes. In container shipping, containers stuffed with
commodities (laden containers) are brought to the seaports using multiple modes
(such as railways, roadways, and inland waterways or IWs) and then loaded onto
the dedicated cellular container ships with the help of port cranes and other
equipments. Similarly, at the destination port, containers are unloaded from ships
and transported further to the importer’s premises. In container shipping, a
shipper is also called Beneficial Cargo Owner (BCO). Since its invention,
container shipping has evolved over time and today we see most modern cellular

container ships and dedicated seaports and terminals to handle those ships.

Figure 1.1 Container shipping cycle
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1.2.3 Maritime Supply Chains (MSCs)

As IGI Global - a leading international academic publisher headquartered in
Pennsylvania (US) explained, Global Maritime Supply Chains (GMSCs) as the
movement of freight and related support services involving two substantial
locations (which are; origin and destination) using maritime and land transport
modes. A maritime supply chain or MSC is a concept of integration between
various activities that take place when the cargo is transported from the importer’s
premises to the exporter’s premises using various modes. In simple words, a
maritime supply chain is a nexus of the freight transportation system through
which cargo is moved from its origins to the destinations using maritime and land
mode (which are; roadways, railways and inland waterways, etc.). Also, Lam
(2015) explained the maritime supply chain in the context of container shipping as
‘the connected series of activities pertaining to shipping services which are
concerned with planning, coordinating and controlling containerized freight from
point of origin to the point of destination. The global network of the maritime
supply chain is called as GMSCs, which is a relatively new area and less
explored. Lam (2011), Lam and Yap (2011), and Lam and Zhang (2014)
investigated maritime supply chains from different perspectives. Lam and Bai
(2016) unveiled the relatively low visibility in maritime supply chains and thus
created awareness on this issue. Below is a diagram of different stages in

maritime supply chains of containerized freight.

Figure 1.2 Different stages in maritime supply chains (MSCs) of
containerized freight

e ® & 0 O 2 O O = &

Hub- Ground ' Customs Port Ocean Port Customs = Ground Hub
Handling Handling clearance AzELEILIEN BECTCINaN A E1 [ sl clearance Handling Handling

Pick-up Delivery

Terminal  Shipping  Terminal

Operator line Operator Customs Forwarders

Forwarders Customs

Source: Tavasszy et al. (2014)

25



Apart from containerized freight, there exist maritime supply chains of bulk cargo
(Dry and Wet bulk) and commodity-specific maritime supply chains (e.g., crude oil,
LNG/LPG, coal, various types of minerals, etc). As illustrated in the above figure, the
forwarder stage consists of actors like shippers (BCOs), warehousing companies,
ICDs (Inland Container Depots), freight forwarders and forwarding agents, CHAs
(Custom House Agents), CTOs (Container Train Operators), and shipping lines.
CFSs, stevedoring companies, ship chandelling, and provision companies, bunkering
companies, dredging, towage, and pilotage service companies are some more actors
and stakeholders who are located at seaports. Also, customs and central excise is yet

another important stakeholder whose role is very important.

1.2.4 Barriers in the maritime supply chains

In the age of automation and digitalization, numerous opportunities lie before us
but the need is to make efforts in order to gain benefits out of such opportunities.
However, bringing modern technological reforms is not so easy because of the
presence of barriers in entire the maritime supply chains, which is what the
situation of India is. Because of the presence of barriers, the efficiency, reliability,
and productivity of maritime supply chains are jeopardized. Also, the presence of
barriers has surged costs and transit time of freight in the maritime supply chains.
For instance, the criticality of these barriers affected Indian shippers and port
companies and they are losing approximately $400 million every year. In fact, the
theory of constraints (ToC) suggests that a constraint is anything that prevents the
system/process from achieving its goal. There are many ways that constraints can
show up during a process. Constraints can be external or internal to the network
and are also termed as bottlenecks and barriers. In a business sense, a barrier can
be defined as a hindrance to the business process which blocks productivity and
profitability, similar is the case with maritime supply chains of containerized
freight. In coming chapters, the presence of barriers in the maritime supply
chains is confirmed by reviewing available literature and through experts’
feedback.
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1.3 Development of containerized freight trade and actors in the
maritime supply chains

The concept of containerization was introduced around 1970 in India but the first-
ever scheduled main trade liner service was commenced at Mumbai port in the
1980s by American President Line or APL line. However, the concept of
containerization failed to gain momentum initially as the government didn’t feel
the need of setting up basic infrastructure which could support maritime supply
chains of containerized freight. But as the impact of containerization increased
globally, the Indian government also realized its importance and went on to set up
Jawaharlal Nehru port in Mumbai, a dedicated container port. Subsequently, the
Container Corporation of India (or CONCOR), which is now a Navratna Public
Sector Undertaking (PSU), was incorporated in 1988. And this is how; CONCOR
established the country’s first-ever Inland Container Depot at Tughlagabad in
New Delhi. This was like a boon for shippers located deep in the hinterland as

they got custom clearance services in the ICDs themselves.

In the last two decades, the country’s GDP grew incrementally on the back of a
set of factors that includes the export and import trade volume. BCOs are
progressively digressing from general or bulk shipping to container transport
because it is a time and cost-saving mode. With more and more bulk commodities
being containerized, the country’s share of container traffic has increased steeply
in the global market. With this, the facilities like container freight stations (CFSs)
and inland container depots (ICDs) have been established all across the country,
and these are proved to be prominent elements of the maritime supply chains.
CFSs carry a significant responsibility in relieving congestion at container ports,
and this adds value to the existing maritime supply chain network. Also, 1CDs
regale the container traffic generated from various clusters in the hinterland,
which is a result of industrial activities. The likelihood of solid growth and heftier
profits in the future has led to inject funds in the CFS and ICD infrastructure. The
CFSs and ICDs are anticipated to grow on the account of rising containerization
levels. For ICDs and CFSs to grow, all CFS/ICD operators need to intensify
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integration with actors and stakeholders in the maritime supply chain. Since
maritime is a dependent sector and can only flourish if it is supported by
export/import bound cargo generating industry. In recent times, Indian goods have
become quite attractive in the global market e.g., currently, demand has risen for
Indian finished vehicles in Turkey, and for Indian fruits and nuts in the United
Kingdom and the United Arab Emirates. India is in limelight for rising up as a key
automotive manufacturing hub and Original Equipment Manufacturers (OEMs)
around the world are investing significantly in the country to increase the
production capacity. This is a motivating factor for the actors and stakeholders in
the maritime supply chain domain. India has opened the gates for 100% foreign
direct investments in the maritime sector because of which many of the foreign
entities have invested in India. Today, the country is blessed with flourishing
container ports on both the east and west coast of the country. The below graph

depicts the growth of India’s containerized freight volume over years.

Figure 1.3 Historical growth of India’s throughput with a year-on-year
growth rate
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In the last decade, the performance of non-major/private ports has been better
than major/government-owned ports in the context of handling containerized
freight. There have been several reasons why container throughput at major ports
is declining e.g., lack of good facilities, uncompetitive port tariff, lack of 24X7
hassle-free services, and lack of good connectivity with the hinterland. Because of
the above reasons, the container volume is being shifted to non-major ports. The
below graph illustrates how throughput on the major and non-major ports has
progressed over the years where one can see that the non-major ports are
performing far better than major ports in case of handling container traffic. The
trendline indicates the gap between volume share of major vs non-major ports is

shrinking gradually over time.

Figure 1.4: Comparison of historical port throughput of major ports vs non-
major ports in India
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Similarly, the Indian coastline is divided into two parts which are; West Coast and
East Coast. The below table illustrates the domination of the west coast over the
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east coast in terms of handling containerized freight. Because of prominent ports
like JINPT (Jawaharlal Nehru Port Trust) in Mumbai, Adani ports in Mundra and
Hazira, and APM Terminals in Pipavav, the share of the west coast in handling
containerized freight has increased immensely over the east coast. However, ports

on the West coast were dominating right from the beginning.

Figure 1.5: Comparison of historical port throughput of East coast vs West
coast ports in India
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1.4 Problems in the maritime supply chain domain-Indian context

The maritime supply chain or MSC sector is in an amateur stage in India. Despite
several policy-level decisions that have been taken by the governments (Central &
State) and foreign investments infused over the years, there is still a long way to
go. Being the sixth-largest economy in the world, India is still ranked 35th on
Logistics Performance Index and this clearly indicates that the logistics facilities
are not as good as they should be. The logistics cost in India is 14% of the GDP,
wherein, it is around 8-9% in developed economies. Talking about fleet
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ownership, India is ranked 18th globally (UNCTAD). The Shipping Corporation
of India (or SCI) is nowhere in the top 20 shipping lines in the world and has a
fleet of very old ships which are not allowed to enter ports in the developed
countries. Jawaharlal Nehru Port (or JNPT) is the leading container port in India
which is ranked 28th globally, whereas, its biggest rival Colombo has 22nd rank
globally. These are some broad facts that indicate that India is standing long
behind when it comes to the maritime supply chain sector. There are many
reasons which impact the performance of this sector.

Owing to the presence of barriers/bottlenecks/constraints which have hindered the
smooth working of maritime supply chain network. As per the CAG report of the
year 2010 on major ports which found that the cargo handling facilities at major
ports were inefficient, as the ports did not have the dedicated facilities that were
necessary for quick handling of containers. This directly affected port
productivity and ports failed to attract more cargo and cargo from new clients.
Also, the report mentioned the cargo handling equipments which has exceeded
economic life but is still employed with ports.

The wider regulatory framework makes stricter entry barriers into the industry for
foreign players. The Indian flag has some disadvantages with regard to tax and
duty structures inhibiting the FDI flow in the maritime supply chain sector. The
vessel fleet owners around the world believe that India is not a commercially
feasible destination for registering vessels. However, in the year 2004, India
implemented the globally adopted taxation system for the maritime industry by
enforcing a tax that is applied on the basis of the cargo-carrying capacity of
vessels. The tonnage tax - sovereignty that allows 95% of the vessel fleet to
operate - trimmed the tax outgo of the vessel-owning firms in India to 1-2% of

their earning, as matched with the corporate tax rate of 33.9%.

Doorstep delivery consignment is challenging in India where the transport
network is overburdened and in a wretched state. This escalates the repair and

maintenance cost of the vehicles which results in increased logistics cost for
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service buyers. Also, the logistics sector is on the back foot due to the cartel
controlling part of the government bodies, this soars the costs because of bribery.
A serious effort to bring in transparency and better regulations will without any
doubt streamline the maritime supply chain domain. Through digital streamlining
of connections among actors and stakeholders and instigating an infrastructural
and policy amendment, the maritime supply chain domain in India can transpire

as a crucial segment in the country’s economy.

As per NITI AAYOG’s report, the cost of freight movement by road is 32.58/ton-
km as compared to X1.41/ton-km for rail and Z1.06/ton-km for waterways. At
present, the road is dominating the freight transport segment in India with a
market share of 59%. Similarly, 35% of the market share is with railway and 6%
with the waterways. Therefore, the need is to shift a significant amount of cargo
to rail and waterways so that the congestion on roads can be eased up. However,
India’s rail network is significantly over-utilized. For instance, the eastern
corridor containing Delhi to Howrah and Western Corridor having Delhi to
Mumbai are being utilized between 115% to 150%. As we know that passenger
and freight trains run on the same tracks so overutilization of rail tracks simply
puts pressure on the rail tracks and results in the slow movement of freight trains.
Putting more pressure on the overutilized rail network brings down efficiency and
productivity and this issue can be treated as a barrier, shortages of capacity also
impede mode shift by retrograding the service standard, mentioned in the NITI
AAYOG’s report briefly.

At present, freight rail transportation in India costs X2 per ton-km less than the
road, while in the U.S., where railways grapple furiously with roadways for
freight market share. In terms of cost, the difference between road and rail is

around Z15 per ton-km.

The foremost cause for the high rail haulage charges is cross-subsidization
between freight and passenger movement. This decreases the demand for the
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railway to carry freight and impedes the movement of non-governmental finances

to fund upgrades into the freight rail network says NITI AAYOG’s report.

So, these are some broad facts that either indicate or give a hint of the presence of
barriers and challenges in the transportation of containerized freight in India. Due
to these barriers or bottlenecks, the stakeholders (various companies and
institutions) in Maritime Supply Chain (MSC) industry are facing hindrances in

order to pursue their businesses.

1.5 Motivation/need for the research

If the actors and stakeholders can forecast or identify the barriers/bottlenecks
before they hamper the growth of the maritime supply chains, they can
comprehend the situation better and take corrective action in order to overcome

these barriers, and the performance of this sector can be improved.

The existence of various types of barriers in the maritime supply chains is a result
of inefficiencies that hamper the growth of related sectors as well. The
manufacturing sector is an example that may get affected if the maritime supply

chain networks are not efficient.

The primary aim of this study is to discern specific barriers in MSC so that the
real picture of barriers can be captured. Also, as we will identify and assess these
specific barriers and their criticality, the business problems associated with them
can also be traced and understood better. Also, just identification and assessment
of these barriers is not sufficient, and therefore, strategies to overcome these
barriers are also discerned and prioritized. Actors and stakeholders of maritime
supply chains cannot work simultaneously on all these strategies or it is difficult
to implement practically, therefore; a priority list may be helpful to implement
them on a priority basis. The overall analysis will help the actors and stakeholders

to better manage the operational, managerial, and financial matters.

Analysis performed in this work will identify and evaluate the barriers/bottlenecks

which will help stakeholders to manage financial matters accordingly.
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The identified categories and sub-categories will be used to build a model to
assess the criticality of the barriers which will help governments and

policymakers to take suitable actions.

The model developed in this study will also help governments and policymakers

to assess maritime supply chains.

Knowing the fact that a study in barriers/bottlenecks of maritime supply chains
has not been done in context to a developing country, this study becomes a need
of the hour to figure out operational and managerial inefficiencies.

1.6 Business Problem

The presence of barriers in the maritime supply chain of containerized freight in
India has crippled the complete freight transport system on various nodes. This
has led to a loss of business and unprofitability in the existing business. Drewry
Maritime Research mentioned that the presence of barriers has paralyzed the

entire maritime supply chain network in India. For instance;

e It has been estimated that 75% of transshipment cargo at Colombo is
India bound with a business loss of $54 million in a year. The additional
cost is $80-100, or Rs 5,000-6,500, per TEU paid by shippers.

e Onthe inland front, it takes around 8-9 days transit by rail (because of the
average speed of 25kmph, carriers 90 TEUS at once while in China they
carry 290 TEUS at once.) but considering China where factories are
located near to ports and it takes 1-2 days (with around 60kmph of speed).
Also, the majority share of freight has shifted to roads.

e Inland waterways just possess 6% of the market share which is very for
such a low-cost mode of transport. There is certainly a significant amount

of business loss, and less cost saving.
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e Lesser connected North-East India and low-quality logistics infrastructure
and due to that, the region in less exposed to international trade. There is

a huge unrealized international business opportunity.

e Considering all these aspects, the following business problem statement

has been prepared for current research work:

Business problem statement: Actors in maritime supply chains of
containerised freight are either losing business to their rivals or not profitable to
run current business or not able to attract new business. In 2020, Indian BCOs
and port companies lost about $400 million of business because of the presence
of barriers in the entire maritime supply chains of containerized freight.

1.7 Research Problem

The entire network of maritime supply chains of containerized freight has been
torrefied because of the presence of barriers/constraints/bottlenecks. The presence
of censorious barriers has led to numerous business problems, which are already
mentioned in the previous section. The interest of actors and stakeholders in
maritime supply chains of containerized freight has not been considered, because
the presence of the barriers is discussed at a very macro level and no groundwork
is done to eradicate the impact of these barriers. The relevant government bodies
have failed to realize the presence of barriers and their criticality and that is why

this problem has become severely critical.

The theoretical gap exhibits that there is insufficiency to subjugate the influence of
the barriers on the part of government and other actors and stakeholders. This can be
realized from a large number of business problems occurring in the maritime supply

chain sector, leading to actors and stakeholders losing their wealth and investments.

Identification and analysis of the barriers and their criticality are supported and

aligned with the Theory of Constraints (ToC) which suggests that if we minimize
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the impact/influence of barriers/bottlenecks/constraints present in a process then

this may uplift the performance of the entire process.

To assess the occurrence of this situation, it is necessary to develop a model for
analyzing barriers in the maritime supply chains of containerized freight.
Strategies to overcome these barriers are also discerned and evaluated through

this framework as just identification of barriers is not sufficient.

There is relatively scarce literature related to the management and analysis of the
maritime supply chain barriers of containerized freight, and very few publications
have presented robust identification and analysis of these. Moreover, during the
literature review, a gap was identified which was related to the analysis of the
maritime supply chain barriers to classify, prioritize and evaluate them for
determining their relative concern in the Indian context. There are many reasons
which are influencing actors and stakeholders of the maritime supply chain but
the presence of barriers cripples the maritime supply chain of containerized
freight. It is desirable to subjugate the influence of these barriers in order to
manage the maritime supply chain of containerized freight efficiently. The first
important gap which has been recognized after in-depth literature is that none of
the studies has proposed and prioritized the solutions or strategies to subjugate the
barriers of the maritime supply chain of containerized freight. Thus, a flexible
framework based on the Fuzzy AHP and Fuzzy TOPSIS approach is suggested to

overcome the maritime supply chain barriers of containerized freight.
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1.8 Research Questions (RQs)

Figure 1.6 Research questions (RQs)

*RQ1: What is the maritime supply chain of
containerized freight and who are the associated
actors and stakeholders?

*RQ2: What are the various barriers in maritime
supply chains of containerized freight?

*RQ3: How to evaluate and prioritize these identified
barriers?

*RQ1: What are the various strategies to overcome the
barriers in maritime supply chains of containerized
freight?

*RQ2: How these identified strategies are evaluated and
prioritized to overcome the barriers?

*RQ1: Based on the key solutions to overcome these
identified barriers, what will be a suitable tool that can
be used to build an integrated model to overcome the
effect of the identified barriers?

*RQ2: How this proposed integrated model would be
check for validity and consistency?

Source: Author’s composition
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1.9 Research Objectives (ROs)

Figure 1.7 Research Objectives (ROs)

*RO1: To identify and assess the barriers which
impact the maritime supply chains of
containerized freight in India.

+RO2: To identify the solution strategies to
overcome the barriers of the maritime supply
chains of containerized freight in India.

*RO3: To develop and test an integrated Fuzzy
AHP- Fuzzy TOPSIS framework in order to
overcome the barriers of the maritime supply
chains of containerized freight in India.

Source: Author’s composition

1.10 Organization of the Thesis

The organization of the present research work has been spread across seven

chapters as shown in Figure 1.8. Details of each chapter are given below:

Chapter 1

This chapter provides the introduction to containerization and containerized
freight, container shipping; maritime supply chains, and barriers in maritime
supply chains. This chapter outlines the current status of the industry and the
problems and challenges it faces in India. This chapter also draws the
motivation/need to pursue current research. This section covers the business
problem, research problem, research questions, and research objective to address
the gaps. Additionally, the chapter also gives details of the contents of each

section of the thesis.
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Chapter 2

This chapter reviews the literature on four themes;

e Literature on the understanding of the maritime supply chains (MSCs) —

Global and Indian context

e Literature on the presence of the barriers in the maritime supply chains

(MSCs) of containerized freight — Global and Indian context.

e Literature on strategies to overcome the impact/influence of barriers in the

maritime supply chains (MSCs) - Global and Indian context.

e Literature on modeling of barriers in different contexts — Global and Indian

context.

This chapter also provides existing literature on the Theory of Constraints (ToC),
which is the most relevant theory in this context. This chapter reviewed existing
literature (in global and Indian context) on the themes under which prior studies
have been conducted on the maritime supply chains. The review of global and
India-based studies, on the mentioned four themes, helps in deciding the direction
of current research by highlighting the prevalent inferences and gaps in the studies
performed to date.

Chapter 3

This chapter details out the research methodology used in the ranking of
categories and sub-categories of barriers and also the ranking of strategies to
subjugate the influence of identified barriers. This chapter explains the details of
the research design, research philosophy, questionnaire design, sampling, data
collection procedure and tools, and the research methods used to perform

analysis.
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Chapter 4

This chapter enlightens in detail on the understanding of maritime supply chains
of containerized freight. The major source of data/literature to establish this
chapter was existing studies and feedback from domain experts. This chapter also
talks about each actor and stakeholder and their role in maritime supply chains.

Chapter 5

This is an important chapter of this dissertation which provides in detail information
on six categories of the barriers and also draws 46 sub-categories. This chapter
describes the steps adopted for the Fuzzy AHP method of ranking and also performs
analysis with available identified data. Further, sensitivity analysis is performed to
check how robust the Fuzzy-AHP analysis is. Also, the significance of the final

ranked list of categories and sub-categories is briefly discussed.
Chapter 6

This is yet another important chapter of this dissertation which provides
information on 25 identified strategies to overcome the impact of barriers. This
chapter describes the steps adopted for the Fuzzy TOPSIS method of ranking and
also performs analysis with available identified data. Further, sensitivity analysis
is performed to check how robust the Fuzzy-TOPSIS analysis is. Also, the
significance of the final ranked list of strategies is briefly discussed.

Chapter 7

This chapter provides a full overview of the performed research work and the
derived major findings. Also, the contribution of the present study to the existing
literature is described. This chapter further discusses the practical implications of
the findings and the benefits the maritime supply chain sector can obtain from this
study. This chapter also explains the limitations of this study and provides areas

for future research.
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Figure 1.8 Organization of the thesis
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Introduction

Contributions of this research to literature
Recommendations and Conclusions
Limitations

Scope of Further Research

Chapter 7

Conclusion and future
research

1.11 Chapter summary

This chapter discussed the fundamentals of maritime supply chains. The chapter
explained the growth in the maritime supply chain domain and reviewed the
situation of the presence of barriers in the entire maritime supply chain. Further,
this chapter propounded business problem and research problem as well. Also, the
research questions and research objectives addressing these questions are
described in detail. The next chapter reviews theme-wise literature on barriers in

the maritime supply chains of containerized freight.
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Chapter 2

Review of Literature

Overview

This chapter thoroughly reviews relevant literature on the barriers of the maritime
supply chains of containerized freight and also literature on strategies to overcome
these barriers, both in the global or Indian context. To make it simple and
systematic, the available literature is assessed on four major themes. Additionally,
literature on the theory of constraints is also reviewed, which is aligned with the
topic of the current dissertation. Further, major inferences and gaps are derived by
analyzing literature that became an inspiration to conduct current research.
Moreover, studies on the discerning and prioritization of barriers in varied contexts

using different models/frameworks/techniques contexts are also examined.

2.1 Literature review at a glance

A study conducted by Bodolica and Spraggon (2018) advised that literature
review is a vital step for exploring prevalent gaps in a particular domain. EXisting
literature is examined to check the extent of work already done in a particular
area. Literature reviews are conducted to explore and evaluate the notions and
arguments mentioned in a wide range of studies in order to discern and
comprehend gaps so that researches can be done in the future to fill those gaps
(Rewhorn, 2018; Koons, et al., 2019). Existing literature is reviewed in-depth for
understanding conceptual and theoretical contributions says Watson and Webster
(2020). Also, what range of audience will be addressed with future research and
whether there will be benefits conducting future research, should be argued
among scholars and sector experts. In the below figure, a researcher starts with
the topmost broader part which is the analysis of the initial theoretical foundation

which leads to gathering broader studies related to the area/domain of research.
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This funnels down the scope and studies specific to one particular topic (which is
selected for research) are reviewed. Thereafter, the research gap is discerned

which is developed into research work in order to fulfill that gap.

Figure 2.1 Identifying research gap from existing literature

Theoretical foundation for current
research

Studies that are generally
related (broader history of the
topic 1n your field)

Studies that
are similar to
current

research

Source: https://precisionconsultingcompany.com/literature-review.shtml

In this section, the following objectives have been fulfilled with the help of

structured review and assessment of literature:

1. Specific and relevant subjects, themes, techniques, frameworks, and issues

have been discerned and summed up.

2. A conceptual outline and theoretical framework; integrated frameworks and
models for barrier-related studies, issues, and challenges have been developed.

There is a very limited amount of literature available in context to maritime
supply chains and that too specific to countries other than India. The maritime
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supply chain is a new area of research and the existing studies are in the global
context, that hasn’t covered India. Further, when we talk about maritime supply
chains of containerized freight, this even funnels down the existing literature and
we are left with no study in context to India. Therefore, it becomes important to
review articles that help in contributing towards a better understanding of this area
and indicate relevant research gaps. Additionally, to acquire utmost output, only
recent and relevant topics/issues are reviewed. The literature review deemed both
qualitative and quantitative aspects for a better understanding of the content and

relevancy of the research area.

2.2 Collection of literature

Despite being an unexplored area of maritime supply chains, literature is collected
by investing a significant amount of time so that as much as pertinent studies can
be analyzed. The below table exhibits the list of keywords used to get a wide
range of journals and to find relevant literature which is useful in carrying out the
current study. The table also illustrates a set of databases searched in order to
obtain relevant research papers/articles.

Table 2.1 Below table illustrates set of databases searched in order to obtain
relevant research papers/articles

1. Barriers in Container Shipping (India and Global) Scopus

2. Barriers in Maritime Supply Chain (Global and India) Taylor & Francis
3. Liner Shipping barriers (Global and India) Elsevier

4. Barriers in Inland containerized freight transportation (Global and India) Google-scholar
5. Modelling barriers in maritime supply chains (Global and India) Science Direct,
6. Issues and challenges of maritime supply chains (Global and India) Web of science,
7. Solution and strategies to subjugate barriers in maritime supply chains (Global Emerald,

and India) Inderscience,

8. Strategies to overcome barriers framework in maritime supply chains (Global and  IEEE,

India) Springer,

9. Strategies to overcome barriers in Inland containerized freight transportation Sage,

(Global and India) Wiley,

10. Strategy framework for subjugating barriers in maritime supply chains of University of
containerized freight (Global and India) Bath

Growing science

Source: Author’s composition
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2.3 Theme based literature review
The literature is reviewed in below mentioned four themes which are;

Figure 2.2 Major chunk of the literature review is based on above-mentioned
themes

Theme - 1

Literature on understanding the maritime supply chains — Global and Indian context

Theme - 2
Literature on presence of barriers in the maritime supply chains of containerized freight — Global and
Indian context

Theme - 3

Literature on strategies to overcome the impact/influence of barriers in the maritime supply chains -
Global and Indian context

Theme - 4

Literature on modelling the barriers in different contexts — Global and Indian context

Source: Author’s composition

Table 2.2 Below table illustrates theme-wise literature, inferences and gaps
derived

Vanelslander and Sys (2020), Lo Limited studies at
. Reasons found for barriers in .
Literature on (Lam, 2011), Honglu et al. . . industry level. Lack of
. maritime and supply chain sector
understanding (2018), Garg and Kashav and their impact on actors framework-based
the maritime  (2019), Banomyang, (2005), P ' approach. No study

supply chains Lam (2015), Lai et al. (2019), insc:zls(ter:]/oIgsz:'i:;:dist:je:/\:‘:\::?grs was done in context to

- Global and Polatidis et al. (2018), listed for the companv/count effect of barriers on
Indian context Zavitsas et al. (2018), Wan et which led to thiz sit)IJation Y actors and stakeholders
al. (2019), Vilko et al. (2019), ' in MSCs of
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Jasmi and Fernando (2018), containerized freight.
Barnes and Oloruntoba
(2005), Van Dyk et al. (2008),
Norbis et al. (2013) and Yang
(2011), Mallidis et al. (2018)

Maritime supply chain
techniques/models are tested
Prahalathan and Vijay, (2010), with different methods/data and
Yuen and Thai (2017), Lam,  results are found with different
(2013), Chen et al. (2019),  levels of accuracy of prediction.

Limited studies build
on a framework to
assess the barriers
present in maritime

supply chains and the

Literature on
barriers in the

. Venkatesh et al. (2017), Also, models and techniques . .
maritime . . . L impact of barriers on
supply chains Ishiguro and Inamura (2005), used to identify barriers in other stakeholders
of Zhang and Lam (2019), sectors are analyzed. '
containerized Tanguy and Napoli (2016),
. Napoli (2016), Konstantinus . . . No studies in context to
freight - et al. (2019), Carlan et al Barriers present in the maritime india build on a
Global and i ' : supply chains are identified

(2017), Ringsberg and Cole
(2020), Wan et al. (2016),
Wan et al. (2019)

framework to assess
barriers in the maritime
supply chains of
containerized freight
and their impact on the
stakeholders.

Indian context using different techniques and
data. Also, models and
techniques used to identify
barriers in other sectors are

analyzed.

therathre on Patil and Kant (2014), Kabra Mgrltlme supply chain
strategies to techniques/models are tested
and Ramesh (2015), Agarwal L
overcome the et al. (2020), Sirisawat and with different methods/data and
impact/influen ) ' results are found with different

. Kiatcharoenpol (2018), .
ce of barriers Phochanikorn et al, (2020), levels of accuracy of prediction.

Limited studies build
on a framework to
assess barriers present
in the maritime supply
chains and their impact

in the . Also, models and techniques
maritime Malviya and Kant (2018), used to identify barriers inqother on the actors and
- Prakash and Barua (2015) stakeholders.
supply chains. sectors are analyzed.

Barriers present in maritime No studies in India
supply chains are identified build on a framework
using different techniques and  to assess the barriers in

data. Also, models and the maritime supply

techniques used to identify chains of containerized
barriers in other sectors are freight and their impact
analyzed. on the stakeholders.

Source: Author’s composition

2.3.1 Theme 1: Literature on understanding the maritime supply chains —
Global and Indian context

Studies under this theme draw focus on understanding what maritime supply
chains are. How this concept was evolved, what was the need, its importance in
international trade, and how it is catering to global containerized freight trade. As
compare to Global supply chains (GSCs) or Supply chains (SCs), maritime supply
chain (MSC) is an uncommon/unheard concept. IGI Global defines maritime
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supply chains (MSCs) as “the movement of freight and related support service
involving two substantial locations using maritime and land transportation
modes. ” Likewise, a book written by Vanelslander and Sys (2020) mentions that a
“maritime supply chain is a concept of breaking the maritime chain into
components, consistently relating them to the overall integrated supply chain”.
There are some prominent researchers who have conducted studies on the
maritime supply chains in context to their respective countries and regions but
there is no study in context to India. Below are some researches performed to

understand the process and nature of maritime supply chains-

A maritime supply chain in the context of container shipping is referred to as the
connection between series of shipping service activities that are concerned with
planning, coordinating, and controlling containerized freight from origin to
destination. Shippers, shipping lines, and ports are the major actors and

stakeholders in the maritime supply chains (Lam, 2011).

Honglu et al. (2018) say that maritime supply chains are the largest complex network
of containerized freight transportation in the world, where shipping lines and ports are
the major stakeholders. Honglu et al. (2018) performed an in-depth model-based

study to discern and evaluate vulnerabilities in the maritime supply chains.

Garg and Kashav (2019) described maritime supply chains as a set of sequenced
activities while importing and exporting cargo, performed by a variety of actors
and stakeholders like BCOs, cargo packing companies, shipping lines, freight
forwarders, CHAs (Custom House Agents), CTOs (Container Train Operators),
ICDs (Inland Container Depots) or Inland port companies, Warehousing
companies, etc. Container ports and shipping lines are one of the most involved
stakeholders. CFSs, stevedoring companies, ship chandelling, and provision
companies, bunkering companies, dredging, towage, and pilotage service

companies are some stakeholders at seaports.
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The maritime supply chain is a structured integration of maritime services (while
cargo is at ports and while being transported inland) and transshipment functions

(purely maritime front activities at ports) says Banomyang, (2005).

In this modern era where products are available at doorsteps, global shipping lines
face strenuous situations with BCOs who are nagging supply chain solutions,
whereas, demanding lesser freight rates/buy rates from carriers. This pushes

higher level of amalgamation accross the maritime supply chain says Lam (2015).

Some more studies performed on the maritime supply chains are; Lai et al. (2019)
and Polatidis et al. (2018) that highlighted risks and sustainability in the maritime
supply chains. Zavitsas et al. (2018) measured the impact of flexible
environmental policy on the resilience of the maritime supply chains. Song et al.
(2016) employed a two-stage non-cooperative game-theoretical approach in order
to model the horizontal and vertical competition among stakeholders in the
maritime supply chains. Adding on, Wan et al. (2019) assessed risks in the
maritime supply chains using a fuzzy Bayesian-based FMEA approach. Similarly,
Vilko et al. (2019) calculated risks in the maritime supply chains in Finland.
Jasmi and Fernando (2018) identified drivers and factors for greening the
maritime supply chains. Barnes and Oloruntoba (2005), Van Dyk et al. (2008),
Norbis et al. (2013), and Yang (2011) wrote extensively on security in the MSCs.
Mallidis et al. (2018) studied the influence of Sulphur limit fuel regulations on the

maritime supply chain network design.
Research gaps in Theme 1

e Literature indicates that there exists no study on the maritime supply chains in

context to India. Mentioned studies are performed in the general context.

e There is a lack of studies performed on “MSCs of containerized freight” and

no such study available in context to India.
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e There is an absence of studies that intends to enhance understanding of the
integrated perspective of various activities performed at ports and in the

inland transport system in context to containerized freight in India.

2.3.2 Theme 2: Literature on the presence of barriers in the maritime supply
chains of containerized freight — Global and Indian context

Studies under this theme draw focus on the presence of a variety of barriers in
activities related to container ports and inland transportation system, which often
leads to delays, congestions, long turnaround time, inefficiencies, accidents,
pilferage, delays, high transport costs, high carbon and Sulphur emissions and
many more. The presence of barriers in the maritime supply chains is a situation
that not just cripples the management and operations of entire maritime supply
chains but also surges costs significantly. Increased presence and severity of
barriers hamper efficiency and productivity of the maritime supply chains. In such
a situation, the first and foremost challenge for top management is to identify and
understand these barriers so that corrective measures can be taken to subjugate
their impact. Developing maritime supply chains to the world standard is arduous
in growing nations like India, majorly because of the strong presence of barriers.
For instance, it is strenuous to enter the maritime supply chain sector as an actor
because of rigid regulatory compliance and acts (Prahalathan and Vijay, 2010).
Also till now, researchers argued on maritime and hinterland transportation

separately but have totally missed the integrated perspective.

Yuen and Thai (2017) mentioned that very little attention has been paid to the barriers
that inhibit integration among various activities in maritime supply chains. This study
discerned a set of 21 barriers with the assistance of sector experts (shipping lines
only) and through the Exploratory Factor Analysis (EFA) technique. This study was
an extended work of (Lam, 2013). The major limitation of this study was that it was

limited to only Singapore and also solutions weren’t studied at all.

Lam (2013) inspected (theoretically and empirically) the presence of barriers that

hinders collaboration among various members in the maritime supply chains. The
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study found that level of integration is directly proportional to the amount of
value generated for clients/customers. This study also investigated various
benefits obtained by shipping lines globally. The limitation of this study was that
it was in context to Singapore.

Similarly, Chen et al. (2019) established a Fuzzy DEMATEL analytical
framework to evaluate barriers to alternative maritime power application for green
port construction in China. This study discerns and evaluates 12 major restrictions
using the Fuzzy DEMATEL method.

Venkatesh et al. (2017) discerned a variety of barriers that hinder coastal shipping
development using the Delphi method and analyzed them using the Fuzzy
DEMATEL approach. The top-ranked barriers in this study were related to
government legislation, infrastructure, under-development of smaller ports, and lack
of collaboration among stakeholders in the maritime supply chain sector. Though the

study was in context to India, it was restricted to coastal shipping/short-sea shipping.

Ishiguro and Inamura (2005) discerned the presence of barriers in both ports and
hinterland transportation of the freight. The presence of barriers creates
hindrances for both operations and management of the maritime supply chain
sector. Ishiguro and Inamura (2005) stated that the higher costs in transportation

are because of costly labor and infrastructure.

Furthermore, Zhang and Lam (2019) considered the case of maritime
organizations and explored and analyzed various barriers to the adoption of big
data analytics using fuzzy Delphi-AHP-TOPSIS methodology. Out of all the
barriers identified and analyzed in this research, managerial, cultural, and

technical related ones were the most serious.

Not exactly barriers but Tanguy and Napoli (2016) considered a case of maritime
supply chains of energy and designed a multi-agent system to evaluate the degree
of vulnerability. Tanguy and Napoli (2016) argued on the presence of maritime

territories that possess risks for maritime transport considering the environment,
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human activities, or deliberate actions. Largely, this study threw a limelight on

barriers and risks in the maritime supply chains.

Konstantinus et al. (2019) wrote that in a maritime supply chain, the dwell time of
cargo at a port is the most among all the activities happening in the entire maritime
supply chain. Time has value and in the era of just-in-time transportation of freight,

such delays (because of any reason) are considered as a barrier.

In a study executed by Carlan et al. (2017), barriers to digital innovations were
discerned and assessed. This study inspects 32 information and communications
technology innovation cases. Also, actors in the maritime supply chains were

surveyed to get feedback on the success of each digital innovation.

Ringsberg and Cole (2020) propounded a conceptual framework to investigate the
barriers to maritime security. The barriers in this study were identified using a

mixed-methods approach.

Adding on, Wan et al. (2016) analyzed risks in the maritime supply chains from
varied perspectives. This study developed an advanced risk analysis framework
using Bayesian network, Fuzzy logic, and FMEA to run analysis.

Somewhat similar to above, Wan et al. (2019) utilized the Delphi method to
perform analysis of risk factors inhibiting operations and management of

maritime container supply chains.

Research gaps in theme 2

e There are a handful of studies performed on the maritime supply chains of
containerized freight but there is no evidence of any study conducted to discern
barriers in the maritime supply chains of containerized freight in India.

e There exists no study that evaluated the barriers of the maritime supply
chains in India.

e There is a lack of analytical studies on the integrated perspective of
various stages i.e., maritime supply chains of containerized freight in

India.
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2.3.3 Theme 3: Literature on strategies to overcome the impact/influence of
barriers in the maritime supply chains (MSCs) — Global and Indian context

Studies under this theme focus on management and analysis of various strategies
identified to overcome/subjugate the impact of barriers in maritime supply chains
of containerized freight. As argued in the previous theme, there exist a handful of
studies on barriers in the maritime supply chains of containerized freight, and that
IS why this area has remained unexplored in India. Further to this, studies with
strategies or solutions to overcome/subjugate the influence of barriers are even
less, which is a prominent gap. Moreover, existing studies are also either
performed on supply chains in general or related to the port and maritime sector
alone. However, this section helped in understanding to what level of work is

done to overcome/subjugate the impact of barriers and the research gap left.

For instance, Patil and Kant (2014) propounded the Fuzzy AHP-TOPSIS model in
order to rank solutions for adopting knowledge management in the supply chain
to subjugate barriers. In the first part, AHP is employed to obtain weights of the
barriers, and the Fuzzy TOPSIS technique is employed to secure solutions’
ranking. The importance of ranking is explained by the fact that it is difficult to
implement all the solutions at once, therefore ranking is done for step-wise

implementation.

Likewise, Kabra and Ramesh (2015) propounded a Fuzzy AHP-TOPSIS
framework to model constraints to integration in humanitarian supply chain
management (HSCM), propounded solutions, and prioritized them to subjugate
the constraints. This research discerned a group of 23 barriers, thereafter,
identified and analyzed 15 solutions to subjugate the impact of barriers. This
research has strong implications for strategists and managers in the field of

humanitarian logistics.

Similar to the above, Agarwal et al. (2020) identified 29 HSCM barriers and 20
solutions to subjugate their influence. Post this, a hybrid fuzzy SWARA — Fuzzy
WASPAS model was designed and employed to perform analysis. This study has

strong implications for humanitarian logisticians to formulate better strategies.
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Sirisawat and Kiatcharoenpol (2018) carried out a study on analyzing the solution
to control the influence of barriers with the help of the Fuzzy AHP-TOPSIS
approach. In response to 29 barriers, this study discerned a total of 14 solutions to
overcome them. This study was performed considering Thailand’s electronic

industry as a case.

Phochanikorn et al. (2019) and Malviya and Kant (2018) employed Fuzzy ANP-
VIKOR and fuzzy AHP-VIKOR approaches respectively to analyze solutions that
are discerned to subjugate the impact of barriers. These studies can become a

motivation for sectors where such kind of work is not yet done.

Prakash and Barua (2015) integrated AHP and TOPSIS methodologies for
categorizing solutions to constraints in reverse logistics adoption. This study
considered the case of the electronic industry in India.

Research gaps in theme 3

e Existing studies provide solutions to either ports or supply chains (in general)
to overcome barriers but no study was done to understand and analyze
strategies or solutions to overcome barriers in the maritime supply chains of

containerized freight.

e There exists no study that propounds an integrated framework to subjugate
barriers in the maritime supply chains of containerized freight in the global

context.

e The maritime supply chain is an unexplored domain when it comes to India,
and therefore, there is no study available that discerns and assesses strategies

using an integrated framework.
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2.3.4 Theme 4: Studies on modeling the barriers in different contexts —
Global and Indian context

Table 2.3 Below table illustrates different types and names of the
models/techniques and studies were done in past on these models/techniques.

Generic Chandra and Kumar (2018), Dube and Gawande
models/techniaues MICMAC analysis (2016), Katiyar et al. (2018), Mangla et al. (2018),
4 Dubey et al. (2017)

Confirmatorv Factor Analvsis Ogunsanya et al. (2019), Ambekar and Hudnurkar
?(’:F ) Y315 (2017), Maldonado-Guzmén et al. (2017), Klein et
al. (2018)

Jayant and Azhar (2014), Faisal (2010), Agrawal
et al. (2019), Muruganantham et al. (2018),
Majumdar and Sinha (2019)

Kaur et al. (2018), Costa et al. (2019), Bhatia and
DEMATEL approach Srivastava (2018), Singh et al. (2020), Singh and
Sarkar (2020)
Sahebi et al. (2017), Gupta et al. (2020), Gupta et
Best Worst Method (BWM)  al. (2020), Gupta and Barua (2018), Khan et al.
(2019)

Interpretive Structural
Modelling (ISM)

Singh et al. (2019), Rostamzadeh et al. (2015),
VIKOR method Rajesh (2018), Zhang and Xing (2017), Rathore et
al. (2020)

Analytic network process  Govindan et al. (2016), Patil et al. (2020), Sangari
(ANP) et al. (2020), Faisal et al. (2007)

Ruben et al. (2018), Khaba and Bhar (2018),

ISM-MICMAC based Tripathi and Singh (2018), Kumar and Sharma

framework (2018)
- . Zhang and Lam (2019), Tseng and Cullinane
SF;?JC"C'IC té’hg‘if] ’(“,\jgg‘e Fuzy AP (2018), Goger et al. (2019), Mangla et al. (2017),
pRly sector Y Vishwakarma et al. (2019), Kumar and Kansara
(2018), Lamba et al. (2020), Othman et al. (2020)

Fan et al. (2020), Sahin et al. (2020),
Fuzzy TOPSIS Phruksaphanrat and Borisutiyanee (2019), Lamba
and Thareja (2020), Gupta and Barua (2018)

Source: Author’s composition

MICMAC analysis is widely used for evaluating barriers in a variety of contexts.
In @ number of studies, MICMAC is integrated with other techniques of MCDM
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in order to perform a model-based analysis. For instance, studies performed by
Chandra and Kumar (2018), Dube and Gawande (2019), Katiyar et al. (2018),
Mangla et al. (2018), and Dubey et al. (2017) assessed barriers that are hindering
smooth operations and management of supply chains in different contexts.
Chandra and Kumar (2018) analyzed problems in the vaccine supply chain in
context to growing countries using Fuzzy MICMAC analysis. In this study, a total
of 25 issues were discerned and the MICMAC analysis was carried out to prepare
a model. In the analysis, the top three most critical factors were interaction among
supply chain actors, better demand anticipation, and correct planning and
scheduling. Thereafter, the results were argued with the domain specialists.
Somewhat similar to this, Dube and Gawande (2016) examined barriers in green
supply chains by employing the integrated ISM-Fuzzy MICMAC method. A total
of 14 barriers were identified and evaluated in this study. This study helps in
comprehending the fact that how important these barriers are and how they
interact with each other. The results produced in this study are of great help to the
industry managers. Likewise, Mangla et al. (2018) considered the case of circular
SCM in a growing country and appraised barriers that are impeding their smooth
working. A thorough review of literature and response gathered from experts led
to discern a list of 16 important barriers. The findings cultivated in this research
will help in economic development, subjugate the issue of global warming, and
will help in generating employment as well. Correspondingly, Dubey et al. (2017)
modeled the sustainability of supply chains using MICMAC analysis. An in-depth
literature review was conducted in this study for the selection of drivers of supply
chains. This research also debated on various methods which could have been

used to run analysis.

There have been a handful of studies conducted on the evaluation of barriers in
global supply chains using confirmatory factor analysis (CFA), for instance,
Ogunsanya et al. (2019) assessed barriers to inbound logistics of raw material i.e.,
sustainable procurement of construction material by employing factor analysis

and limiting its scope to Nigeria. In this study, the data was gathered from 300
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questionnaires filled by industry experts. The main reason why this study was
conducted because the speed of adopting sustainable procurement solutions is
slow and the reason was unknown. However, the study the reason to be lack of
quality knowledge available. Likewise, Ambedkar and Hudnurkar (2017)
considered the manufacturing and service industry of India and examined barriers
to six sigma implementations by employing the factor analysis method. Although
the study was conducted in context to India its scope was very wide and not
specific to any domain. An in-depth literature review helped in finding 15 barriers
and also 168 sector experts were taken feedback from, using a structured
questionnaire. Maldonado-Guzman et al. (2017) considered an example of
Mexico and computed constraints to innovation in service SMEs using factor
analysis technique. The types of barriers inspected in this study were external
environmental, financial and human, of which, external environmental barriers
were censorious. Klein et al. (2018) also studied the nature of barriers in the
manufacturing sector by using factor analysis. In this study, 14 experts from 5
different companies were interviewed. A total of 25 barriers to smart service

businesses were identified and assessed.

Interpretive Structural Modelling or ISM is yet another technique that is widely
used by scholars and researchers to study barriers. There exist studies on barriers
in the supply chains of different commodities and contexts, for example, a study
performed by Jayant and Azhar (2014) utilized the Interpretive Structural
Modelling method to analyze barriers hindering the execution of green SCM. The
primary goal of this paper was to analyze the relationship among barriers and to
discern critical ones. In total, 20 constraints were discerned in this study.
Similarly, Faisal (2010) understood the mutual relationship among constraints to
CSR in supply chains and assessed them with the help of the ISM technique. This
research revealed that not all the discerned barriers are highly relevant to CSR in
supply chains but there is a set of barriers that need extra attention by the top
management. Likewise, Agrawal et al. (2019) used the ISM technique and

performed an in-depth analysis of barriers in accomplishing the digital
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transformation of supply chains. The idea of this research is to introduce
digitalization in supply chains to bring agility and this can be done only by
discerning barriers and evaluating them. Most importantly, this research
propounded the 4 most impactful barriers that impede digital implementation in
supply chains and needs the maximum attention of the industry managers and top
management. A study performed by Muruganantham et al. (2018) undertook the
automotive sector and analyzed barriers to total quality management practices
implementation with the help of ISM based model. This study discerned and
assessed 21 barriers in total which are grouped into 4 different categories and
aims to help the decision-makers. In a similar way, Majumdar and Sinha (2019)
inspected the presence of barriers in green textile SCM in Southeast Asia and
assessed them by employing ISM method. In total, 12 constraints were discerned
through a thorough analysis of literature and questionnaire survey and attempted

to analyze barriers with the most influence.

DEMATEL is also an effective method that is widely used to assess barriers in
different sectors and in context to various countries and regions, for instance,
research conducted by Kaur et al. (2018) considered a case study of
manufacturing firms in Canada and inspected the presence of barriers in green
supply chains by employing DEMATEL based approach. The results derived in
this study discerned 3 main categories of barriers which are related to knowledge,
commitment, and product design. This study is one of few which are conducted
from a Canadian perspective. A study performed by Costa et al. (2019) conducted
8 structured interviews to understand the most influential barriers and employed
the DEMATEL technique run analysis and also to comprehend the nature and
impacts of barriers to improvise CRM practices among construction supply chain
management. Similarly, Bhatia and Srivastava (2018) did thorough research on
external barriers to remanufacturing with the help grey-DEMATEL technique.
The research was done from an Indian perspective. Correspondingly, Singh et al.
(2020) analyzed barriers to achieving lean practices in the manufacturing sector

with the use of the DEMATEL approach. The most influential barriers discerned
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in this study are the lack of means to gather used products and the unwillingness

of the customers to return the products.

Best-Worst Method or BWM of MCDM is also widely used on a global platform
to analyze barriers. In fact, the BWM approach is one of the most common
techniques used to model the presence of barriers in global supply chains. In a
study conducted by Sahebi et al. (2017) a total of 22 barriers to humanitarian
supply chains were evaluated which were grouped into 9 categories. Here, the
evaluation process was done using the BWM technique that helped in
understanding the importance of each barrier. Additionally, a case study of Iran
was taken into consideration in this study. Moving on, Gupta et al. (2020)
considered a case study of the manufacturing sector and discerned a set of barriers
that impede espousing, implementation, and upscaling of innovation in the supply
chains. The results produced with the help of the BWM technique exhibited that
absence of technical expertise and training is censorious among all. Similarly,
Gupta and Barua (2018) propounded a framework to evaluate and subjugate
barriers to green innovation in 4 identified Indian SMEs. Here, the BWM
technique was used to rank these barriers. In this study, 7 main categories and 36
sub-categories of barriers were discerned, and further to subjugate the impact of
these barriers, 20 strategies to subjugate these barriers were also identified and
analyzed. Further, Khan et al. (2019) explored and assessed barriers present in the

halal supply chain by implementing the BWM approach.

Vlsekriterijumska Optimizacija | Kompromisno Resenje or most commonly
known as the VIKOR technique is also accepted widely and utilized globally by
researchers and scholars to evaluate barriers in a variety of contexts. Singh et al.
(2019) discerned critical barriers to green manufacturing in the SME sector of
India. The group of various challenges faced in the adoption of green practices is
obtained through literature review and questionnaire survey conducted among
SMEs. The results obtained after reviewing the literature and questionnaire study
are further analyzed used factor analysis and finally assessed with the VIKOR

method. Out of all the discerned challenges, economic constraints gained high
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rank which makes it a censorious category and needs immediate attention of the
top management and decision-makers. In a similar way, Rostamzadeh et al.
(2015) used the Fuzzy VIKOR method in the assessment of green SCM which
indicates the application of the VIKOR method in any sub-domain of the global
supply chain management. This research demonstrated a case of a laptop
manufacturer in Malaysia. Moving on, a study conducted by Rajesh (2018)
assessed barriers to resilience in the supply chains of the manufacturing sector
using the VIKOR approach. The first step in this study is to sort the set of barriers
and consider only those which are the most important and have high influence.
Post-this, the VIKOR technique will be implemented to prioritize these barriers.
Likewise, Zhang and Xing (2017) developed a framework using the VIKOR
method to assess supply chain initiatives. This study also mentioned that the firms
need to assess their performances precisely when it comes to the implementation
of global supply chain initiatives. Adding on, Rathore et al. (2020) investigated
risks that are threatening operations and management of the food grain supply
chain and propounded a methodology to mitigate risks using the VIKOR
approach. The results of this research exhibit that risks associated with technology

have the most influence.

Analytic Network Process or ANP is also a prominent MCDM technique that is
widely used to perform analysis and a very useful tool in problems related to
decision making. As with other MCDM methods, the application of ANP is also
very wide. For instance, Faisal et al. (2007) mentioned the presence of a variety of
risks across supply chains that hampers overall operations and management of the
supply chains. The aim of this study was to developed suitable strategies to
subjugate these risks, hence, the ANP method is used to evaluate risks. Govindan
et al. (2016) also applied the ANP technique for assessing barriers present in
remanufacturing of automotive parts in context to India. This study was
performed because existing studies lacked in-depth analysis on barriers and
bottlenecks. The analysis performed in this study and results obtained exhibited

that heftier cost and absence of customer acceptance are the two foremost
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dominant constraints in auto parts remanufacturing in India. Further, Patil et al.
(2020) reviewed the available literature and interviewed relevant stakeholders in
the humanitarian supply chain in developing nations, and discerned a list of 17
barriers. Identification of barriers was from a variety of aspects like strategic,
technological, organizational, economic, and operational. Thereafter, the barriers
were ranked using the ANP method which is based on the level of influence they
have. Similarly, Sangari et al. (2020) considered the case of manufacturing
industries and assessed barriers in green supply chains using ANP based
framework. This study concluded that the barriers related to customer, market,

social and managerial are the most important and need extra attention.

In many of the barrier assessment-related studies, an integrated ISM-MICMAC
(or Imperative Structural Modelling- Matrice d’Impacts croises-multiplication
appliquean classment) framework is developed and put into use. For instance,
Ruben R. et al. (2018) designed an integrated ISM-MICMAC model for the
assessment of lean six-sigma barriers. This research discerned a total of 20 critical
barriers that are identified through extensive literature review and consulting
experts from relevant sectors and academia. Thereafter, results are procured
through the ISM-MICMAC model which indicates that barriers named problems
in adoption of environmental strategies, strict government policies, negative
mindset towards sustainability concepts, and inappropriate communication are
censorious. This study helped researchers, decision-makers, and strategists to
remove key critical barriers. Likewise, Khaba and Bhar (2018) conducted a study
with an aim to designed and validated a model for constraints to lean
implementation in the coal mining sector of India. This research discerned 14
critical inhibitors to lean implementation absence of top management dedication,
financial restraints, and coordination among departments are the top-ranked
barriers. Similarly, Tripathi and Singh (2018) developed an ISM-MICMAC-based
integrated framework to analyze barriers to women entrepreneurship. Data to
perform analysis was acquired through a survey that involved 15 domain experts.

On the basis of feedback provided by the experts, the 10 most relevant barriers
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were chosen to perform analysis. These barriers were ranked using the ISM-
MICMAC framework and a casual relationship among barriers was discerned.
Additionally, Kumar and Sharma (2018) evaluated key barriers to the growth of
rural healthcare using the ISM-MICMAC-based framework.

So far literature on the application of various MCDM techniques on barriers in the
global supply chains and some other sectors is discussed. However, the
applicability of the above-argued techniques in the maritime supply chains is not
so recommended/valid/fruitful as compare to Fuzzy AHP, which is used
previously in the maritime supply chain-related studies by prominent researchers
and scholars. Research conducted by Zhang and Lam (2019) considered a case of
maritime organizations and discerned barriers in the installation of big data
analytics. This research validated that the Fuzzy AHP based model is perfect for
barrier-related study in the maritime sector. Also, this study mentioned that such
types of studies are not at all done in the maritime domain. The results exhibited
that managerial, cultural, and technical barriers are censorious in nature. Adding
on, Lin et al. (2008) used literature review and factor analysis as a tool to discern
16 characteristics impacting knowledge sharing, thereafter, Fuzzy AHP is
employed to evaluate the preference weights and ranking of these characteristics.
This study undertook an pragmatic case of the Taiwanese maritime sector to
exhibit the application of the propounded framework. The foremost benefit of this
study is for policymakers, decision-makers, and strategists. Likewise, Tseng and
Cullinane (2018) identified a set of criteria i.e., influencing the choice of Arctic
shipping route, and applied the Fuzzy AHP technique of MCDM to carry out the
analysis. The challenging part of this study was to discern criteria that impact the
decision of maritime carriers w.r.t. using the Arctic route. This study concluded
the most influential criteria to be around safety and political domains.
Correspondingly, Gocer et al. (2019) studied drivers and barriers of Turkish
container ports using the Fuzzy AHP technique. The final results concluded that

customer relations was the most important factor among all. Othman et al. (2020)

62



also studied factors to cargo imbalances in Malaysia minor ports using the Fuzzy
AHP method.

Like Fuzzy AHP, Fuzzy TOPSIS is also the most suitable method for studies on
the evaluation of inhibitors and strategies. To show the applicability of the Fuzzy
TOPSIS technique for studies related to the maritime supply chain domain, some
of the existing studies are reviewed such as; Fan et al. (2020) employed the Fuzzy
TOPSIS method to form a framework in order to assess accident avoidance policy
articulation from a maritime viewpoint. To prevent maritime accidents, the three
most effective and recommended strategies are information, clear order, and
safety culture. Similarly, Sahin et al. (2020) employed the Fuzzy TOPSIS
technique for the choice of dry bulk carriers. The questionnaire survey method is
used to gather data set which is further analyzed using the Fuzzy TOPSIS method.
Likewise, Phruksaphanrat and Borisutiyanee (2019) conducted a study intending
to discern barriers in IT adoption in the industrial sector, identify and rank
strategies to subjugate these constraints. Data in this research was collected from
bigger firms in the sector and analysis is performed with the help of the Fuzzy
TOPSIS technique. Lamba and Thareja (2020) analyzed barriers of green SCM
using the Fuzzy TOPSIS technique. Here, the TOPSIS technique helped in the
ranking of barriers and understanding how critical each barrier is.

2.4 Major inferences derived from literature review

2.4.1 Globally, limited studies have been carried out on barriers in the area of
maritime supply chains. There are few which are generalized in nature and not
specific to containerized freight transportation. These relate to the country's
specific regulations, market, or operational issues. Data gathered to conduct these
studies is limited and often not from reliable sources. Available studies are limited
to particular shipping lines or ports that have gone bankrupt or in financial

distress.
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2.4.2 Maritime supply chains are least studied in developing countries like BRICS
nations or South Asian countries, therefore, there is a lack of thoroughly
performed study which analyze barriers in the maritime supply chains of
containerized freight in context to India.

2.4.3 Additionally, there exists no concrete study which integrates decision-
making models in the maritime supply chains of containerized freight in India,

which is yet another significant gap.

2.4.4 1t is quite understood that identification of barriers is not done as of now,
and therefore, no question arises of providing strategies or solutions to
overcome/subjugate the impact of barriers. Hence, the absence of strong literature

on overcoming barriers is a prominent gap.

2.4.5 In India, studies on the barriers of the maritime industry are in context to
inland logistics system, seaport or short-sea-shipping, as a result, maritime supply

chains of containerized freight is still an unexplored area.

2.4.6 Limited studies are available in the context of India and they have not used
any formal method for identifying barriers. Basically, barriers from all the

possible aspects haven’t been discerned.

2.4.7 Models developed for identifying barriers in various product-based supply
chains or coastal shipping in India are derived from other industries/sectors and

hence are prone to commit errors.

2.4.8 In India, there exist no research which has framed a containerized freight
maritime supply chain barrier model with an intention to help policymakers, think

tanks, managers, and strategists.

2.4.9 Container trade is relatively younger than other segments of shipping and is
in a growing stage, therefore, requires a brief model-based study so that barriers

and bottlenecks are rectified and eliminated to speed up the growth.

2.4.10 Inland transportation of containers is yet another sector in itself which
struggles to gain efficiency and productivity (because of the presence of barriers) in
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developing countries like India. There is no model-based study performed which

talks about identifying barriers and bottlenecks with an aim to satisfy stakeholders.

2.5 Major gaps derived from literature review

2.5.1 Studies carried out on the barriers have either focused on port business or
coastal shipping. There is no formal framework or methodology that identifies

key barriers in the maritime supply chains of containerized freight.

2.5.2 There exists no model-based study that discerns and inspects barriers in the

maritime supply chains of containerized freight.

2.5.3 There exists no study that identifies and analyses strategies in order to
subjugate the impact of barriers present in the maritime supply chains of

containerized freight.

2.5.4 There is no model-based study conducted to identify and analyze strategies.

2.6 Theoretical underpinning

The presence of the bottlenecks or constraints or barriers in the maritime supply
chains dwindles productivity and efficiency by inhibiting the smooth flow of
cargo. Barriers in the maritime supply chains result in operational delays and also
disturb the entire flow of cargo which further leads to excess inventory of cargo
and this causes accident and escalated costs. Some of the studies that confirmed
the presence of barriers in the maritime logistics domain are; Chen and Yang
(2018), Vural et al. (2020) and Ozdemir et al. (2020). In the figure drawn below,
the presence of a barrier/bottleneck (can be a set of barriers/bottlenecks) between
upstream and downstream stages of the process is depicted, which inhibits the
smooth flow of containerized freight in the maritime supply chains. As discussed
earlier, the presence of the barrier/bottleneck is obstructing the whole process by
narrowing the process track. As a result of this phenomenon, the information
passing from upstream to downstream stages (which is containerized freight in

this study) is losing its quantity and quality.
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Figure 2.3 lllustration of the presence of bottlenecks or barriers in a process
decreasing the quantity and quality of the output

Queucs at
upstrecam to
be serviced

Downstream
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Full Flow

Bottleneck
resiricts
the flow,

Upstream Bottleneck
{Constraint)

Downstream

Source: http://blog-bhaskaruni.blogspot.com

A key fact to be considered here is that bottlenecks or barriers are the deciding
factors and their appearance is censorious in order to decide the success rate of a
maritime supply chain. In the above figure, if the passage around the barrier
widens, then the quantity and quality of data flow will improve; similarly, if an
obsolete ship-to-shore crane is replaced with a newer and upgraded one then the
port productivity and efficiency will improve automatically. Likewise, if the
outdated rail tracks are exchanged with dedicated freight corridors, then obviously
the speed of hinterland transport will increase which will save huge costs in a long
run. But if the barrier becomes more censorious than before, then the performance
of the entire maritime supply chains will plummet. Therefore, it becomes
necessary to identify and eliminate barriers/bottlenecks from maritime supply
chains. There have been instances where despite cutting costs, actors in the

maritime supply chains could not firm up the output because the existence of
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perilous barriers/bottlenecks were ignored or left unidentified. The cost incurred
by an actor due to the barriers/bottleneck is usually calculated per hour which is
equal to one hour of loss in the entire maritime supply chain and is also spread
among various actors. Bottleneck theory of operations management defines
bottlenecks or barriers in a business. Studies conducted by Puche et al. (2016),
Lowalekar and Basu (2019), Jiang and Wu (2013), Gupta et al. (2013), Jiang et al.
(2013), and Zivaljevic (2015) explained very well and clear how bottleneck
theory is relevant in case of freight transportation and how it helps to understand

the existence of barriers in the transportation of containerized freight.

The theory of constraints (ToC) is a management model that considers any
tractable structure as restricted in attaining extra of its targets by a diminutive
number of inhibitors. There is incessantly at minimum one inhibitor, and ToC
utilizes a concentrating procedure to discern the inhibitor and rearrange the
remaining corporation all over. ToC embraces the usual idiom "a chain is no
stronger than its weakest link". This signifies those procedures, corporations, etc.,
are pregnable due to the frail personnel or link can seldom break down or go bad
or negatively influence the end results. The ToC is principally a management
ideology put forward by Eliyahu M. Goldratt in his 1984 book titled “The Goal”,
which is all set to assist corporations continually attain their targets.

The Information Bottleneck (or IB) theory was presented by Tishby et al. (2015).
This theory is a data compacting procedure that is derived from Shannon’s rate-
distortion conjecture. The clustering technique is formulated on IB theory, and
this was extensive research in the modern era. Sun et al. (2014) and Liu et al.
(2011) suggested a comparable congregate technique that is formulated on the
MapReduce framework, is evolved in which a parallel information bottleneck
theory clustering method formulated on MapReduce is put forward to ascertain

the earlier clustering centre.
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Reynier et al. (1998) use bottleneck theory in the field of genetic science wherein
the research problem assists the bottleneck theory of swift separation of mtDNA

genotypes amid initial oogenesis.

Yang and Huang (1997) mention that a time-varying pricing framework of a road
constraint with elastic traffic demand is composed utilizing the optimal control
conjecture. It is presumed that the excellent use of the bottleneck is attained when

social interest over the entire time horizon of research is amplified.

The impact of barriers/bottlenecks on the stakeholders is hindering foreign
investments in the maritime supply chain sector, higher logistics costs, and
limited facilities to order to do business profitably. Therefore, it becomes

necessary to identify and overcome these barriers.

Barriers in the maritime supply chain sector are regarded as bottlenecks in the
process. There is hardly any study that describes bottlenecks in the transportation
of containerized freight. Bottlenecks in maritime supply chains have a pessimistic
influence on the productivity and proficiency of the carriers and transport modes,
and therefore, this leads to fewer profits or even losses. Therefore, it becomes

very important to study these bottlenecks or barriers.

2.6.1 Identification of gap by reviewing the literature on theoretical premise

Narayana et al. (2014) discuss the participation of various stakeholders in Reverse
logistics in the pharmaceuticals industry which has a set of stakeholders.
Similarly, because of the presence of barriers and bottlenecks, the stakeholders in
maritime supply chains of containerized freight are facing various types of
challenges. Therefore, the presence of barriers/bottlenecks at each stage of
maritime supply chain creates challenges and risks for the stakeholders to remain

profitable in the business.

The presence of barriers leads to business loss; a very common example quoted in
this study is Indian ports losing India-bound cargo to their rival ports like
Colombo, Singapore, and Port Klang.
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Not just this, the absence of private investments is yet another barrier e.g. there
are very minimal private investments in Inland Waterways due to which the
development is happening at a slow pace, as the pace of work and interest of

government agencies is very less.

High taxes and strict laws and regulations demotivate foreign investments, an
example is APM Terminals decided to wind up India business as it was in a tussle
with TAMP to reduce rates.

Containerized freight trains and passenger trains run on the same tracks which
often leads to unnecessary delays. This makes investments in freight trains

business quite unattractive. Additionally, the license fee is also quite high.

North-East India region is one of the most under-developed in the country. There
are business opportunities but because of poor infrastructure and strict laws,
maritime supply chain actors and stakeholders are not investing there and those

who are present there are at loss.

Environmental clearances are difficult to get in India which delays project
execution and this leads to business loss for various actors and stakeholders and

all this creates an unattractive business environment for new investors.

On the other hand, the bottleneck theory is a clarification of what occurs when a
specific chunk of the production process or complete supply chain performs at a
lower rate than the rest of the system. It indicates the presence of a bottleneck that
needs to be identified and resolved so that the lost productivity and efficiency can
be brought back.

After going through available literature, a number of barriers in the maritime
supply chains of the containerized freight are found at the maritime transport
front, at seaports, and at the inland transportation of the containerized cargo which

decreases the efficiency of freight transport and increases time and costs.
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The average turnaround time at Indian ports is about 2.08 days while at
Singapore, Shanghai, Yokohama and Port Klang have 1-2days, 0-1day, 0-1day,
and 0-1day respectively (Ministry of Shipping).

In 2017-18, Indian Railway had the poorest on-time functioning in the last three
years. A record 30% of trains ran belatedly in 2017-18, as reported in official data
presented by CAG. Container trains and passenger trains are made to run on the

same tracks and because of congestion on tracks, delays are experienced.

North-Eastern states of India appear to have a natural ambition of taking to export
trade in the region of ASEAN, a vibrant economy and trade. They have a national
gateway to the ASEAN region through Myanmar a new developing member of
ASEAN but because of the presence of a number of barriers/bottlenecks, the
region is under-developed.

There are policy-level bottlenecks that have avoided a substantial quantity of
foreign investments in the country. A high tax is one such example. Likewise,

there is a number of bottlenecks/barriers, which this study aims to identify.

2.7 Chapter summary

The foremost aim of this chapter was to explore and assess relevant literature and
identify gaps. To achieve this aim, literature was reviewed on four major themes
which are; Literature on understanding the maritime supply chains — Global and
Indian context, literature on the presence of the barriers in maritime supply chains
of containerized freight — Global and Indian context, literature on strategies to
overcome the impact/influence of barriers in the maritime supply chains - Global
and Indian context and literature on modeling the barriers in different contexts —
Global and Indian context. Research gaps are discerned in each theme. The
section next reviewed was studies conducted on the Theory of Constraints (ToC)
and how it reports the need of pursuing a study on barriers in the maritime supply
chains and strategies to overcome these barriers. Additionally, literature is

reviewed on various MCDM techniques utilized in the evaluation of barriers in
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the global supply chains and some other contexts with global and Indian
perspectives, with an aim to understand and implement same in context to the

maritime supply chains. The next chapter focuses on the research methodology
adopted in this study.
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Chapter 3
Research Methodology

Overview

This chapter discusses the methodology adopted for achieving the research
objectives mentioned earlier chapter. The best possible methods are selected and
employed to rank and analyze the barriers and strategies. Research design and
research philosophy are debated in this chapter. Also, this chapter talks in detail
about the designed questionnaire and sample of experts selected to get feedback.
Further, the data collection methods are also argued in this chapter.

3.1 Research design

Research design is a strategy and the first stage in research methodology which is
chosen to incorporate different elements of a study in a well-organized and logical
way. Research design is structured in order to make sure that the research
objectives are addressed effectively. Yin (2009) and Akhtar (2016) mentioned
that research is valid and accepted when its conclusion is error-free. An effective
research design is a blueprint for such research. There are two types of research
designs which are; exploratory and conclusive. Here, exploratory research is used
to examine a problem that is not properly defined, for instance, barriers in the
maritime supply chains of containerized freight. This method provides a brief
understanding of the issue and is widely used to arrive at the objectives of a study.
On the other hand, conclusive research can be further categorized into descriptive
and causal, wherein, descriptive research focuses on defining the nature of a
demographic segment or group. Therefore, the focus of this research is both on

“why” and “what” is happening in the area of maritime supply chains.
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Causal research on a research area is performed to assess the paradigm of
relationships among variables. Casual research is carried out to discern the
magnitude and nature of cause-and-effect relationships. Therefore, casual research
is employed to discern and evaluate the relationship among variables. In this
study, a conclusive research design is used in the evaluation of the barriers in
maritime supply chains of containerized freight and has utilized independent and
dependent variables to construct a relationship that leads to a set of results. Not
just conclusive research design but a blended approach mixing all the above
methods of research designs have been used in this study. The combination of
these designs provides a holistic and structured view of the research problem.
These research designs further complement and support each other for this study.
The step-wise detail of the research flow is as follows:

Step 1:

A review of barriers in the maritime supply chains of containerized freight was
conducted based on prior studies. This study identified key categories and sub-
categories of barriers from various sources, which are present in the maritime
supply chains of containerized freight. Primary data is collected through the
Delphi survey. Similarly, secondary data is collected from published
reports/journals/articles/papers or other sources such as Drewry Maritime

Research. The identified categories of the barriers are;
e Economic Barriers (ECBs)

e Infrastructural Barriers (IFBs)

e Legal Barriers (LGBs)

e Technological Barriers (TEBS)

e Administrative and Political Barriers (ADPBS)

e Organizational Barriers (OGBS)
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Step 2:

The multi-criteria decision-making (or MCDM) method is employed to assess
critical barriers which are crippling the smooth operations and management of the

maritime supply chains of containerized freight.

The significance and ranking of the barriers, based on their influence on the
maritime supply chains of containerized freight, is acquired from domain experts.
Thereafter, the Fuzzy AHP technique is employed on the data set having
categories and sub-categories of the barriers to derive the final priority list, and
this technique calculated preference weights and ranks of the categories and sub-
categories of the barriers.

Review and Identified Strategies The
identification of barriers are to integrated
barriers that have evaluated overcome/s the Fuzzy
crippled the using the ubjugate AHP-
operations and Fuzzy AHP barriers are TOPSIS
management of method, identified framework
maritime supply which and is tested for
chains of calculates assessed accuracy to
containerized preference using the know how
freight through weights and Fuzzy well it ranks
primary and ranks of the TOPSIS the barriers
secondary barriers. method. on the basis
research. of criticality.
Step 3:

In the next step, keeping barriers in mind, strategies to overcome/subjugate the
influence of these barriers are discerned. As barriers, strategies are also ranked using
the Fuzzy TOPSIS method. The criteria to rank the strategies is based on how
impactful they are in terms of overcoming barriers. Therefore, the overall idea of this
study is to propound a combined Fuzzy AHP-TOPSIS framework in order to rank the

barriers and then rank strategies to overcome/subjugate these barriers.
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Step 4:

This thesis developed a combined Fuzzy AHP-TOPSIS framework which is tested
for accuracy in its evaluation of the barriers. The barriers with the highest
preference weights or we can say foremost ranks should get treated first, that is
why strategies with foremost ranks should get implemented first so that

censorious barriers can be treated on priority.

3.2 Research Philosophy

Research philosophy is defined as “a belief about the ways in which data about an
event or situation should be collected, assessed and utilized”. Traditionally, there has
always been a debate on the choice between research philosophies of positivist or
interpretivist and among the research methods of quantitative or qualitative analysis.
Accordingly, “interpretive researchers assume that access to reality (given or socially
constructed) is only through social constructions such as language, consciousness,
shared meanings, and instruments”. The evolution of interpretivist philosophy is
formulated on the evaluation of elation in social sciences. Correspondingly, this
philosophy stresses qualitative examination over quantitative investigation. The
elucidative technique is formulated on a realistic technique of data gathering such
as interviews and surveys. Secondary data investigation is also well liked with
interpretivism philosophy. In this sort of research, meanings emanate normally

towards the conclusion of the research procedure.

Positivism is depending on the quantifiable observations leading to statistical
analysis. It has been noted that “as a philosophy, positivism is in accordance with
the empiricist view that knowledge stems from human experience. It has an
atomistic, ontological view of the world as comprising discrete, observable
elements and events that interact in an observable, determined and regular
manner”. Crowther and Lancaster (2008) argue that as a common rule, positivist
studies generally embracea deducible approach, whilstthe analytical

investigative technique is generally connected with a phenomenology philosophy.
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Furthermore, elation associates to the belief that the researcher requires to focus
on actuality, whilst phenomenology focus on the meaning and has provision for
person interest. According to pragmatism research philosophy, a research query is
a vital antecedent of the research philosophy. Pragmatics can integrate both,
positivist and interpretivism locations inside the extent of single study as per the
character of the research question. Thus, this study aims to embrace pragmatism

as the study aims to focus on facts and also integrates human interest into a study.

3.3 Questionnaire design

Referring to the set objectives, a questionnaire is developed based on literature
review and experts’ feedback (refer appendix A and B). From the available
literature, 50 sub-categories of barriers are identified. Thereafter, domain experts
were consulted to assess the identified set of barriers. As guided by the experts,
only 46 sub-categories under six major categories of barriers were finalized to
conduct analysis. Finally, a questionnaire is designed to suggest the pairwise
comparison in order to estimate the impact of barriers present in the maritime
supply chains of containerized freight. Similarly, 30 strategies were discerned
through an in-depth study of existing literature, of which, 25 strategies were
finalized to proceed with the analysis. This way, data for research objectives 1, 2,
and 3 is collected from the sample of 30 sector experts. The domain experts have
not just helped in finalizing the barriers and strategies but also have contributed to

add new ones which weren’t discussed earlier in the existing literature.

3.4 Sampling

It is very imperative to choose suitable and workable samples to attain the
objectives of the study. Sampling methods are predominantly classified into two
groups which are; probability sampling and non-probability sampling. While
developing samples, one has to undergo a number of phases such as; sampling
method selection, defining sampling structure, target population identification,

estimation of sample size, etc. In the course of sample selection, the foremost issue
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is whether the sample is sector-specific or not. Reviewing of literature and experts’
feedback revealed that almost every sector meets with specific barriers/bottlenecks
that is why, the sample should obviously be sector-specific as it will provide
specific, workable, beneficial feedback and will fill the gap through research
findings for that sector. Also, the respondents selected in the sample should possess
excellent knowledge and vast experience so that unexplored and problematic areas
can be identified accurately. In this research, respondents are chosen from middle
and senior-level management working with various actors in the maritime supply

chains of containerized freight.

The target population is established in terms of elements, sampling units, extent

and time. The target population for the current research is mentioned below:

Elements — Management and operations personnel (middle or upper-level

managers)

Sampling units — Professionals from actors and stakeholders in the maritime

supply chains.
Time — July 2019 to Dec 2019.
Extent — Pan India

The elements of current research are professionals from various actors in the
maritime supply chains. While collecting data, an expert panel of 30 professionals
was prepared. Professionals are chosen considering a set of criteria which has;
their total industry experience, their experience in the area of maritime supply
chains of containerized freight, their role in the industry, their education
qualification, their level in the organization, etc. Professionals chosen for the
current research are extremely proficient personnel in their area and possess

immense knowledge of the maritime supply chain sector.

It is necessary to access the experience of the respondents in the maritime supply
chain industry. Data collected on the work experience of respondents (in years) is
suggested in Table 3.1.
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Table 3.1 Sector experience of the respondents

5-10 years 03 10%
11-15 years 07 23%
16-20 years 12 40%
More than 20 years 08 27%
Total 30 100%

Source: Author’s composition

Figure 3.1 This figure illustrates %age of individuals in different range
categories of experience.

%age of individuals in different experience
categories

M 5-10 years
m11-15 years
W 16-20 years
More than 20 years

Source: Author’s composition

It is very vital to contemplate the profile of the informant as experienced and
higher-level professionals have access to more knowledge and resources and it is
highly possible that they will provide quality feedback. Information on the profile
of the respondents and the number of individuals is mentioned below (Table 3.2);
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Table 3.2 Profile of the respondents

MDs and CEOs 05 17%
Directors and General Managers (Operations) 07 23%
Head of the Department (Operations) 04 13%
Strategists, policy makers and think tanks 08 27%
Analysts and Consultants 04 13%
Government officials 02 7%
Total 30 100%

Source: Author’s composition

Figure 3.2 This figure demonstrates %age of individuals in sample with
different designations/nature of work

% age of individuals with designations/nature of
work

B MDs and CEOs

® Directors and General Managers
(Operations)

M Head of the Department (Operations)
Strategists, policy makers and think
tanks

® Analysts and Consultants

B Government officials

Source: Author’s composition

Adding on, it is important to know about the type of actors in the maritime supply
chains consulted and taken feedback from, as each actor plays a certain defined
role in the entire maritime supply chain without whom the entire chain is
incomplete. Below table (Table 3.3) provides information on the type of actors
approached to get feedback in order to complete this study;
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Table 3.3 Type and number of actors contacted

Port and terminal operators 4 13%
Shipping lines 5 17%
Freight forwarders and NVOCCs 2 7%
Inland Container Depots (ICDs) and Container Freight Stations
2 7%

(CESs)
Container freight road lines and inland waterways operators 3 10%
Container Train Operators (CTOSs) 3 10%
Ministry of Shipping, Ministry of Railways, and Ministry of Road

- 5 17%
Transport & Highways
Container shipping analysts and consultants 4 13%
Indian Ports Association (IPA) officials 2 7%
Total 30 100%

Source: Author’s composition

Figure 3.3 This figure elucidates %age of the actors interviewed

%age of actors in sample

= Port and terminal operators

B Shipping lines

m Freight forwarders and NVOCCs
Inland Container Depots (ICDs) and

Container Freight Stations (CFSs)

H Container freight road lines and inland
waterways operators

® Container Train Operators (CTOs)

B Ministry of Shipping, Ministry of
Railways and Ministry of Road
Transport & Highways

m Container shipping analysts and
consultants

® Indian Ports Association (IPA) officials

Source: Author’s composition
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3.5 Data collection procedure and tools

Data collection was carried out for objectives 1, 2, and 3:

Objective 1: To understand the nature and status of the maritime supply chains of

containerized freight in India (See Chapter 4 for more details).

Objective 2 and 3: To develop an integrated Fuzzy AHP-TOPSIS model for the
evaluation of barriers and prioritization of the strategies to overcome the impact
of these barriers present in the maritime supply chains of containerized freight in

India (see Chapter 5 and 6 for more details).

The main sources of barriers and strategies data are both primary and secondary.
The sources of primary data are domain experts who are consulted to obtain
relevant feedback. A questionnaire survey is conducted to discern categories and
sub-categories of the constraints and to identify strategies to overcome these
barriers. In terms of secondary data, in-depth analysis of the literature review is
done. A wide range of quality journals and research papers are reviewed which
are written over a period of time. Additionally, research reports written by Drewry

Maritime Research private limited on this subject are reviewed thoroughly.

3.6 Data analysis

An in-depth analysis of the data was performed to achieve desired objectives.
Collected data was reviewed and evaluated by using different methods to
accomplish the objectives and provide answers to the research questions. The
techniques employed to assess the data collated along with the findings that are

presented in the subsequent chapters of the thesis.

3.7 Proposed research methods and techniques

As discussed earlier in detail, the first objective of this study is achieved by
considering primary and secondary data. The available literature is reviewed

thoroughly and a questionnaire survey is conducted to discern a list of barriers in
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the maritime supply chains of containerized freight and strategies to

overcome/subjugate the impact of these barriers.

Further, this study employed MCDM or Multi-criteria decision-making methods
to rank the barriers. Precisely, the Fuzzy AHP approach is employed for ranking
of the barrier because this method helps in transforming Fuzzy inputs from
domain experts into specific ranks for a list of alternatives. This technique is used
to build the priority list and is aimed at achieving the second research objective.
The technique adopted is explained in detail in the next section.

Thereafter, the Fuzzy TOPSIS method of MCDM is espoused to perform analysis
of strategies to overcome identified barriers. With this technique, a priority list of

strategies is obtained. The method is further explained in the next section.

3.7.1 Fuzzy AHP technique

The Analytic Hierarchy Process (or AHP) technique was suggested by Satty
(1980), a statistical investigation method that is beneficial in the decision-making
exercise that has both quantitative as well as qualitative qualities. Analytic
Hierarchy Process is a decision-making and approximation technique that
produces the percentage issuance of decision points as per alternatives impacting
decision, which is utilized if the decision hierarchy is defined. The notion of
Fuzzy AHP is an outcome of some previous and succeeding studies in different
domains by Thomas L. Saaty. The technique of AHP helps in dismantling a
complex, unorganized condition into its constituent segments; organizing these
segments into a hierarchical arrangement; consolidate the decisions to
comprehend/ascertain which variables have obtained the highest priority and must
be considered/treated first in order to impact the end result. As mentioned earlier,
it utilizes a hierarchical arrangement to summarize, dismantle, arrange and
manage the complication of the decision including numerous features, and it
utilizes feedback from domain experts to calculate the comparative value of these
features and consolidate an end result. Analytic Hierarchy Process is among the

most appropriate techniques to assess logistics and supply chain related problems.
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Because AHP alone has some shortcomings because of fuzzy environment, and
therefore, the Fuzzy concept is integrated to minimize these imperfections
(Prakash and Barua, 2015; 2016a; 2016¢). By employing Fuzzy procedure, this
unpredictability can be lessened (1965). In sooth, triangular fuzzy numbers

(TFNSs) are normally deployed as demonstrated in table 3.4.

Table 3.4 TEN of linguistic comparison matrix

Equal (1,11

Very Low (1,2,3)
Low (2,3,4)
Medium /Average (3,4,5)
High (4,5,6)

Very High (5.6,7)
Excellent (6,7,8)

Source: Author’s composition

Chang (1992) method:

Definition 1 If N, = (p,,q,.1,) and N, = (p,, q,,7,) are representing two TFNs then algebraic
operations can be stated as follows-

N, ® N, =(py,q.711) D (prapm) =(py + 02 @4 +qamy +13) ..o (11)

N, © Ny=(00,q01) © 82.92.7) = By — P2y @4 —qary — 1) oo (1.2)

N, ® N, =(pr.qum) ® (prg2my) = (o122, @1G2mm) e (1.3)

ﬁ1 @ Ug = (Prqun) @ (P2.q21) = (po/P2 @1/G2m /1) (1.4)

a ® N, = (ap,,aq,,ar;) wherea>0 . (1.5)

N =epaew)t =G (1.6)
v e

To apply the fuzzy analytical hierarchical process according to the method of Chang’s (1992)
extent analysis used. Steps are given below-

Mg, M2, M3 ..., M Where gi is the goal set (i=1,2,3,4,5 ....n) and all the M] (j =1, 2,
3,4,5...... , m) are TFNs given in Table 3.4.
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Step 1. Determine S; (fuzzy synthetic extent value) w.rto the " criterion

-1

5. _ZMJ ZZM;[ e (1T

-1
ZZ ( 1 1 1 )
i ol Em 1 q:} i= 1Em 1 Fij

i=1j= -J =1 U
Where p is the lower limit value, q is the most promising value and r is the upper limit value.
Step 2: The degree of possibility of
2= (P2, 2, I2) > S1= (Py, 0y, r1) is defined as below
V(Sz > 81) = oy (min(us (x),us ()]
and x and y are membership values and can be written as given in equation 1.8 below:

1 if bo> b1
V(S >81) = 0 ifai>co
—r
L otherwise ... (1.8)

(ap—rz)—(q,— 13'1:J

Where pd is the maximum membership point z. and Hs, (refer below Figure 3.4)

A

Membership
function

Fuzzy value

Figure 3.4: The intersection of Fuzzy numbers
Source: Author’s composition

To compare S1 and S2 we need both V(S1 > S2) and V(S2 > S1).

Step 3: The degree of possibility for a convex fuzzy number S to be greater than k convex fuzzy
numbers Si (i=1,2,.....,K) can be defined by
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V (S=S1,S2,.......,Sk)

=V [(S=S1) and (S>S2) and ........ and (S=Sk)]

=minV (S>Si), i=1.2,...., k

Assume that d'(Ai) =min V(Si>Sk) (1.9
Fork=1, 2, ..., n, k#1i, Than the weight vectors are given in equation 1.10 as,
W= (d'(Al), d'(A2),......d’(Am))T (1.10)
Step 4: Finally, normalized weight vectors are known in equation 1.11 as,

W= (d (A1), d (A2),.ooosd (AMDT oo (1.11)

3.7.2 Advantages of using Fuzzy AHP technique
3.7.2a Fuzzy Analytic Hierarchy Process considers the relative priorities of all the
alternatives chosen/selected for analysis and finds out the criticality level of each

alternative, indicating the censorious ones.

3.7.2.b Fuzzy Analytic Hierarchy Process produces an easy and pliable

framework in a given situation.

3.7.2.c Fuzzy Analytic Hierarchy Process presents an uncomplicated and applies
able decision-making framework that helps the decision-maker to accurately

determine the end results.

3.7.2.d While employing the Fuzzy AHP approach, besides objective and
subjective elements, quantitative and qualitative data play a dominating role
throughout the decision exercise.

3.7.2.e Variety of attributes about the top-ranked alternatives can be drawn in this
method. By doing this, the outline of the top-ranked alternatives can be depicted

effortlessly.

3.7.2.f The use of Fuzzy Analytic Hierarchy Process technique is very broad such
as; strategic business planning, cost and benefit analysis, risk analysis, and of

course strategic decision making.
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3.7.2.g Fuzzy AHP depends on the decisions of domain specialists from various
actors among a sector, which helps to assess the situation effortlessly from

different angles.

3.7.2.h A strategist or a decision-maker can examine the adaptability and validity

of the end result by running sensitivity analysis.

3.7.2.i This technique is helpful in measuring the stable decision-making ability of

the decision-makers.

3.7.3 Fuzzy TOPSIS technique

The process of decision-making becomes complex when it involves qualitative
and quantitative variables. In such situations, the MCDM approach can be utilized
to handle multiple attributes and conflicting decision system structures (Luthra et
al., 2018). There are numerous MCDM tools available, but among them, the
Fuzzy TOPSIS approach based on the distance priority method is the most
relevant that assists in the prioritization of robust selective attributes and
optimizes from multiple responses. The final ranking is obtained based on the
closeness coefficient values of an individual attribute. The steps of the Fuzzy

TOPSIS technique are elaborated below:

Level 1: Score is allocated to each criterion to obtain a matrix for strategies as per

scale is given in table 3.5.

Table 3.5 Score for linguistics variable

Very Poor 1,2,3)
Poor (2,3,4)
Average (3,4,5)
High 4,5, 6)
Very High (5,6,7)
Excellent (6,7,8)

Source: Prakash and Barua (2016)
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Level 2: Calculation of cumulative Fuzzy values for the alternatives

If the Fuzzy value of the Nth expert is Fopy = (lapniPapy, Uasy) over here a =1,23,........ m,
b=1,23........ n then the aggregated Fuzzy score Fgy of the strategies w.r. to the specific barrier is
denoted by Fap, (lapiPas,Uap ), Where

a= 1n)‘ri11{lﬁbh.-], b :i S Pap s € = IHNEX{'JRM-'] (3.5)

Level 3: Determine normalized values

Normalized values are determined by G where:

G = |pijlmn Wherei=1,23,......m andj=1.23,.....n

- . h . . . .

& = (?, .:_'ll‘ ?) and ci* = max ¢ (benefit criteria) (3.6)
[ B

% = (1,57 and &~ = mina, (Cost citer

& = (L__li By ’aii) and & =mina; (Cost criteria) 3.7)

Level 4: Determine the Standardized weight score by applying the Eq.

Y= Bl where 5i; = %@ w; (3.8)

Level 5: Obtain Fuzzy ideal solution for positive and negative values as follows respectively:

2 ={pf e spii}where pf = {max(py;)if jeJymin(py)ifje '}, j=1...m (39

Z7 ={p[ o upr hwhere p; = [min (pz-}-} ifjej;max(pi}-} ifje]'}i=1m.n (310

Level 6: Calculate Fuzzy positive values and negative values for a solution using given Equations below-

.
2

n

wF = Z(pi}.—pi‘;}_ , i=law.m

=1
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l'rﬂ
=1

Level 7: Obtain the nearness coefficient value (CC;) using equations

cc=—2

=ve i=1lww.m. Cel0,1) (3.12)

Level 8: Priority list of the strategies.

3.7.4 Advantages of using Fuzzy TOPSIS technique
3.7.4 a. The Fuzzy TOPSIS is a rational and intuitive method to sensibly address

human subjectivity.

3.7.4 b. The Fuzzy TOPSIS is easy to use and imbibe efficient computational

power.

3.7.4 c. The Fuzzy TOPSIS can deliver scalar value that deals with both best and
worst choices potential to calculate the relative functioning for each substitute in

an uncomplicated empirical arrangement.

3.7.4 d. The Fuzzy TOPSIS provides possible visualization of the result

mathematically and philosophically.

In this work, a combined Fuzzy AHP-Fuzzy TOPSIS approach is employed to
accomplish the research objectives of the research work. The broad goal is to
provide a flexible framework in order to rank the solutions to subjugate the
constraints of the maritime supply chains of containerized freight in India. This
amalgamated hybrid technique with multi-faceted decision support systems would
progress which will subjugate the intricacy of a practical world judgment
procedure and it will give a close real-world, coherent, straightforward, and
effectual strategy in decision making as well. This research amalgamates FAHP
with the FTOPSIS mixed framework to construct a brilliant decision support
framework to overcome the barriers present in the maritime supply chains of

containerized freight in India. The coalescence of FAHP with other methods may

88



also be bind to its convenient empirical basis, effortless to utilize, and pliablity.
Another logic for coalescence is that the solitary methods hold idiosyncratic
benefits that permit for flattering benefaction to the FAHP technique (Prakash and
Barua; 2015).

3.7.5 Some of the recently performed studies where combined Fuzzy AHP-
TOPSIS is used

Table 3.6 Below table illustrates recently performed studies using the Fuzzy
AHP-TOPSIS framework

Fuzzy AHP - Fuzzy

1 Yildiz et al. (2020) Appraisal of ATM site selection problem

TOPSIS

2 Yousefzadeh et al. Fuzzy AHP - Fuzzy Selection of best technique out of 5 selected

(2020) TOPSIS hydrometallurgical technique

. Prioritization of strategies to mitigate the
3 ?Zlggg)and Sarkar _Ili_l(J)z;%/IQHP - Fuzzy constraints in the enforcement of eco-design
procedures in SMEs
- To elucidate multicriteria decision-making

Sarkar and Biswas Fuzzy AHP - Fuzzy :

4 (2021) TOPSIS (MCDM) problems with completely

unknown weights of criteria

Fuzzy AHP - Fuzzy

5 Beskese et al. (2020) Appraisal of a wind turbine in Turkey

TOPSIS
6 Venkatesh et al. Fuzzy AHP - Fuzzy Selection of supply ally choice in assisting
(2019) TOPSIS humanitarian supply chains

Discerning the content strategy for
imperishable manufacturing for food
production

Plant choice for phytoremediation of
petroleum-contaminated soils in shale gas

Fuzzy AHP - Fuzzy

7 Ocampo (2019) TOPSIS

Fuzzy AHP - Fuzzy

8 Wangetal. (2019) TOPSIS

and oil fields
9 I¢ and Yurdakul Fuzzy AHP - Fuzzy Measuring the functioning of a
(2020) TOPSIS manufacturing firm
10 Prasad et al. (2020) _Il:_uozsgllgHP - Fuzzy gﬁ:)e;:tlon of coating material for magnesium
Fuzzy AHP - Fuzzy Damage appraisal of Earthen locations of the
11 Duetal. (2020) TOPSIS Ming Great Wall in Qinghai Province

12 Tyagi et al. (2018) Fuzzy AHP - Fuzzy Appraisal of CSR based supply chain

TOPSIS performance system
13 Sirisawat and Fuzzy AHP - Fuzzy Prioritization of strategies for constraints in
Kiatcharoenpol (2018) TOPSIS reverse logistics
14 Galankashi et al. Fuzzy AHP - Fuzzy Supplier choice in the automobile industry

(2016) TOPSIS
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Fuzzy AHP - Fuzzy

15 Hanine et al. (2016) Choice of landfill location

TOPSIS
16 Kusumawardani and Fuzzy AHP - Fuzzy Decision making in the HR manager
Agintiara (2015 TOPSIS recruitment procedure
17 Prakash and Barua Fuzzy AHP - Fuzzy Prioritizing the strategies of reverse logistics
(2015) TOPSIS adoption
18 Vinodh et al. (2014) Fuzzy AHP - Fuzzy Choice of the most suitable plastic recycling
TOPSIS process

Prioritization of strategies of KM

Fuzzy AHP - Fuzzy embracement in the Supply Chain to mitigate

19 Patil and Kant (2014)

TOPSIS its inhibitors
. Fuzzy AHP - Fuzzy Appraising risks in a supply chain by the
20 Samvedietal. (2013)  rpg;g amalgamation of Fuzzy AHP-TOPSIS
Fuzzy AHP - Fuzzy Choice of automated storage and retrieval
21  Aktan at Tosun (2013) TOPSIS system (AS/RS)
29 Boutakhoum et al. Fuzzy AHP - Fuzzy Choice of the suitable cloud strategy to
(2017) TOPSIS govern big data projects
g3 Panchalandikumar  Fuzzy ArP-Fuzzy  Getioe R el power
(2017) TOPSIS tricity-p g P
station
. Fuzzy AHP - Fuzzy Examination of viability report on solar
24 Sindhuetal. (2017) TOPSIS station establishment

Source: Author’s composition

3.8 Chapter Summary

In this chapter, a detailed discussion on the methodology used for accomplishing
the research objectives was mentioned. The technique used for collecting data and
the assessment of this data using various methods was explained. For instance, the
Fuzzy AHP technique is employed to prioritize the inhibitors was argued in this
chapter. Also, to assess strategies to overcome the barriers, the Fuzzy TOPSIS
method is propounded and discussed. Hence, this study espouses an amalgamated
Fuzzy AHP-TOPSIS model which is never done before in the maritime supply
chains domain. The next chapter illustrates an application of Fuzzy AHP
methodology on barriers in the maritime supply chains of containerized freight

and the results gained after using this technique are discussed in detail.
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Chapter 4

Understanding Maritime Supply Chains of containerized freight

Overview

This chapter aims to understand maritime supply chains (or MSCs) of
containerized freight and also aims to comprehend the status of maritime supply
chains in India. Further, this chapter highlights various factors that lead to the
development and growth of maritime supply chains of containerized freight.
Additionally, various actors and stakeholders in the maritime supply chains and
their roles are drawn and discussed in detail. Moreover, this chapter illustrates an
outline of how the maritime supply chains of containerized freight were

developed over time in India.

4.1 Introduction

The crucial role of the integrated logistics system or better called maritime supply
chain is to facilitate logistical operations e.g., transportation of raw material and
manufactured commodities. The maritime supply chains ensure that the
commodities must be delivered to the market in the right quantity and quality
(without getting damaged) and at right time at a competitive transportation cost.
Therefore, the maritime supply chains perform an indispensable role in

facilitating the transportation of a variety of commodities.

In the maritime supply chains, the transportation of commodities from the point of
origin to the point of destination can be arranged by combining multiple modes of
transport, where multiple actors and stakeholders jointly conduct the entire

logistics process under a single legal contract.

Part of this chapter has been published in: Transportation Research Part D:
Transport and Environment, 73 (2019), 162-186

International Journal of Logistics Systems and Management, 38 (2021), 105-
134
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Here, the shipping line/carrier is legally responsible for the entire movement. The
maritime supply chain is an efficient logistics system that facilitates the
transportation of commodities in a hassle-free environment using a smaller set of
streamlined documentation, well organized and controlled, a single point of
contact, and a completely reliable, cost and time-saving arrangement. However,
the efficient working of the maritime supply chains is highly dependent on the
impact of the barriers and level of integration among actors and stakeholders.
Therefore, before jJump on barriers, the need is to identify and understand the role
of actors and stakeholders in the maritime supply chains of containerized freight.
For that reason, this chapter attempts to strengthen the understanding of various

actors and stakeholders of the maritime supply chains.

4.2 Structure of a maritime supply chain (MSC)

It is necessary to realize which actor in the maritime supply chain takes which
decisions. Also, in-depth knowledge is needed about which actions are taken
autonomously and which are taken in the outcome of or with a view to earlier
outcomes, frequently at a separate level. Previously conducted studies (e.g.,
Lejars et al.,, 2017) have illustrated clearly that some actors are extremely
prominent. Some of these eminent actors are BCOs/shippers and shipping lines,
whereas, freight forwarders and the forwarding agents are supporting service
providers. On the other hand, seaport owners and operators are hugely dependent
upon the strategies framed by these prominent actors. Despite not being the
forefront actors, seaport owners and operators are also demanded to make strong
commitments by financing superstructure (e.g., storage capacity, berths and
terminals, breakwaters, wharves, and port logistics network), and infrastructure
(e.g., modern cranes, equipment, and vehicles). Prior to jump on barriers and
strategies to mitigate those barriers, It is crucial to obtain a limpid understanding
of the roles and responsibilities of the actors and stakeholders, as illustrated in
figure 4.1. In the figure, the dashed green lines indicate various options/ways

available for moving freight through different actors of the maritime supply
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chains, thus involving multiple players in the process. The Beneficial Cargo
Owner (BCO), may choose to hand over the freight to forwarders, custom
brokers, or agents, before submitting the freight to shipping lines. Often, the
freight is also transported to the shipping lines through the hinterland transport
company. Also, freight is directly given to the shipping lines for further
transportation, as depicted with a bold line in figure 4.1. In the case of import,
which is marked with non-bold lines, the importer decides on what way he/she
wants to receive the freight. The shipping line decides in advance with the
importer on the choice of route and port call, and also, who will pay what charges.
Once the freight arrives port of destination, the appointed agent receives the
freight and forwards it to the importer’s premise. The imported freight is loaded
and moved through a suitable mode of freight transport. The decision on which
hinterland transport mode to choose is either taken by exporter or importer or by
the shipping lines. Distribution centers (DCs) are also used in the hinterland
transport network in order to relieve pressure from the transport modes. The
choice of a transport mode, which includes mode and operator (for instance a
container train operator), is a key decision for the BCOs, with or without the
participation of a freight forwarder. The shipping lines are also the strategic actors
in the entire maritime supply chain as they take a decision on port calls and
hinterland transport choices. The selection of ports is based on a number of
factors like availability of freight, geographical location of the ports, availability
of required facilities, and their distance from the cargo hinterland. However, the
current time is such that often ports have to compete with each other in order to
attract shipping lines and BCOs. The two important decisions discussed here that
are choice of port and hinterland mode and operator, are directly related to port
selection. Contrarily, the existing hinterland transport alternatives are probably to
impact the port choice decision, as evidently once a port has been chosen, one is
restricted to the modes and operators.
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Figure 4.1 Structure of a maritime supply chain
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On the basis of surveys and literature study, Aronietis et al. (2010) have
composed a set of factors that directly or indirectly impacting port choice
decision, and the factors are; geographical location, costs, quality of port
operations, the reputation of port, turnaround time, infrastructure, and availability

of facilities, productivity, and efficiency, port call frequency, port information
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system, hinterland connections. The above-mentioned factors are doubtlessly in
order to select a port; however, their importance differs from actor to actor among
maritime supply chains. Nowadays, cost minimization is an important strategy for
every actor in the maritime supply chain, such as shipping lines have a larger
scope than other actors for minimizing costs while keeping freight rates at such a

level that they churn a good amount of profits.

4.3 Factors influencing the development and growth of the
maritime supply chains

Development for the welfare of society can be brought by making appropriate
changes in the social, political, and economic conditions of a country or region, as
the case may be (Lipset, 1959). The results of such reforms bring quantitative and
qualitative improvements in human as well as physical capital. For quite a long
period of time, development-focused more on adding and upgrading physical
assets, but with time focus is also given to the human capital (Benhabib and
Spiegel, 1994). It is well understood that development cannot happen without
giving equal importance to the physical and human capital. For example,
Infrastructure is covered under physical capital, which is one of the most
important factors that support economic activities (Munnell, 1992; Vandermeulen
etal., 2011). The quality and quantity of transport infrastructure very much decide
the level of economic development. An efficient transport infrastructure provides
socio-economic benefits to society. A better transport system minimizes the cost
of transporting commodities. Maritime supply chains play a vital role in
refurbishing a country or region’s economy (Maciulis et al., 2009) and also
support other sectors like agriculture, defense, commerce, and industry, etc. The
present-day transport system has evolved stage by stage from what it was in
ancient and medieval times. There are many factors that have led to the
development of maritime supply chains. The below figure 4.2 helps us to

understand the same:
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Figure 4.2 Factors influencing the development of the maritime supply
chains
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The eight illustrated factors in the above figure have played different roles in
developing maritime supply chains globally. Among these eight factors, trade,
history, politics, population, and economy are the older ones compare to
technology, international policies, and innovations. Trade is one such factor that
was initiated thousands of years ago among various ancient settlements. Since
then, ways of doing trade among various communities around the world have
evolved to come to the present stage. Similarly, the population is growing with

time and the need for essential commodities is increasing which is what has
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become one of the main reasons for the maritime supply chains to grow rapidly.
Politics and economic requirements are also two major reasons why the maritime
supply chains developed over a period of time and will continue to develop in the
future. All of these eight factors are interconnected, for instance, the development

of population becomes necessary in order to economically develop the country.

Technology is yet another factor that is most discussed and most researched in
present times to bring efficiency in the maritime supply chains. Better technology
IS a boon in a number of ways but it also cuts down employment opportunities for
humans, and that is why, it is a challenging exercise in developing countries like
BRICS nations (Almeida and Fernandes, 2008; Makki and Somwaru, 2004).
Talking about the economy in the transport system, container shipping is an
example where the size of ships has grown rapidly to such a level that per unit
transportation cost has reduced, not just the cost but the greenhouse gasses (GHG)
emission has also reduced per container (Cullinane and Khanna, 1999). Trade and
politics go tandem, Venezuela is an example where the autocratic government has
failed to resuscitate an oil-dependent economy and the US has imposed economic
sanctions which further crippled the South American nation (Levitsky and Way,
2002). This shows how politics drives trade globally which is also mentioned by
Gowa and Mansfield (1993) and Milner and Rosendorff (1997). As discussed
earlier, the population is yet another factor that impacts the development of the
transport system (He et al., 2005). As we know that increasing population raises
the demand for more commaodities to be consumed. Therefore, being a facilitator,
the maritime supply chains get developed in order to cater to the rise in demand as
a result of the rising population.

4.4 Development and management of actors in the maritime
supply chains in India

International trade is facilitated by a number of actors and stakeholders in the

maritime supply chains at the national, regional, or international level. Actors in
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the maritime supply chains are either private or public-owned corporations. There
exist multiple actors that facilitate trade and are linked with each other to fulfill
the aim of the maritime supply chains. Over the years, many sustainable
initiatives have been put into practice by various actors in the maritime supply
chains of containerized freight in India. This section explains, in brief, the major

actors who play a significant role in the success of the maritime supply chains.

4.4.1 Shipping lines and capacity deployment

A container-owning company is a corporation that builds and owns a maritime
container and then provides it to various customers. In this case, the container
owning company can be a shipping line such as; Maersk line or MSC or can be a
container leasing company such as Triton Container International Limited.
Container shipping lines like Maersk and MSC own a huge fleet of containers but
that is not sufficient and they have to take containers on lease as well. There is
hardly any shipping line that operates with just its own containers, at least none in
the top 20. The shipping lines need to lease containers depending upon the
demand. A container shipping line is a firm that operates cellular container ships
that carry maritime containers (owned or leased) from the loading port to the
destination port. Some of the well-known container shipping lines are the Maersk
line, MSC line, CMA CGM, and COSCO line, etc. The mentioned container
shipping lines are the top-performing in the world and they run various liner

services among almost all the regions around the world.

Immediately after independence, India’s share in international trade was
insignificant. Poverty, no government support, and lack of basic infrastructure
were the foremost problems (Amis and Kumar, 2000; Baud et al., 2008).
However, with the end of license raj in India in 1990 (Aghion et al., 2008;
Majumdar, 2004; McDowell, 1995), economic development speed up to take
India to become a top growing economy in the world. The GDP growth rate
increased so much so that it went over 8.5% in the year 2010. Before the 1990s,

maritime was not so eminent sector but had a promising future because of the
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initiation of globalization. In 1961, the Shipping Corporation of India (SCI) was
founded and started its operations with 19 ships, which was a milestone for India
in the maritime sector. But SCI does not have expertise in container shipping as it
owns only 3 container ships, which is certainly a shortfall. All the overseas cargo
to/from India is transported by foreign players and often transshipped from
different hubs to Indian ports (Murshid, 2011). This is a disadvantage as foreign
shipping lines utilize this opportunity to charge higher freight rates. India’s
container trade grew rapidly from 2.5 million TEUs (Twenty-foot equivalent unit
or a 20-foot container) in the year 2000 to about 17 million TEUs in 2019
(Drewry Container Forecaster, Second quarter 2020). After the year 2000, the
market share of shipping lines grew rapidly, because they could afford to operate
with well-planned schedules at higher frequencies amid consistently growing ship
sizes. They also have been able to attract more customers and thus more cargo
volume because of strong financials and good marketing skills and thus able to

earn more balanced volume to transport compared to most of the small size rivals.

The aggressiveness of container shipping companies since the year 2000 has led
to vertical integration in the maritime industry (Alvarez-SanJaime et al., 2013).
The giant shipping lines, such as Maersk and Mediterranean Shipping Company
(MSC) have started their own agency firms that are present at most of the
seaports. The shipping lines are also setting up their own forwarding and rail
freight companies (Franc and Van der Horst, 2010). Also, some of the shipping
lines either have some percentage of stake in Container Freight Stations (CFSs)
and Inland Container Depots/Inland Clearance Depots (ICDs) or fully own them
(Mwemezi and Huang, 2012). Shipping lines have established their own inland
freight transport companies in an attempt to save cost and neglect the presence of
third parties. Top shipping lines and Container Train Operators (CTOs) have
started operating their own logistics parks in the cargo hinterlands. Renowned
FMCG (Fast Moving Consumer Goods), mining, agriculture, and production
companies have set up their own logistics departments rather than taking the help

of third-party service providers. The involvement of multi-national companies
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increases competition to the local service providers and this often leads to low

prices or freight rates for that matter, offered by the companies.

The container shipping movement in India started around the 1980s and it grew
since then. With an increase in cargo volume, a significant amount of traffic has
shifted to non-major ports and is growing year by year. Foreign shipping lines
have shown a lot of interest in calling Indian ports, especially, after India opened
the doors for 100% FDI in the maritime sector. With the growth in shipping
demand and cargo supply, the inland modes of transport developed over the
period of time (Adolf Ng and Gujar, 2009). Pedersen (2001) says that the
evolution and development of freight transport network systems offer immense
benefits to the economy in which it operates. Freight transport network system is
a result of logistic revolution which resulted in structural changes in last 30 years
in the global transport system. Hesse and Rodrigue (2004) mentioned that the
fundamental question is not about the origin or destination of the cargo but rather

how the freight is moving.

Supply in container trade is the total slot capacity allocated in total vessels
deployed in a number of liner services (main trade or regional services) calling
ports of a particular region/country (Ducruet and Notteboom, 2012; Wang and
Meng, 2012). The capacity of supply increases with an increase in vessel size, a
number of services, or adding more vessels in existing liner services and vice
versa. Container shipping services are now working on the just-in-time (JIT)
concept because the customers expect reliable services, low costs, high security,
and faster transit times (Notteboom, 2006). Talking about India, where the entire
7,500km long coastline is divided into two parts; western coast and eastern coast.
Indian ports have evidenced a tremendous increase in supply capacity for a
decade. The supply-demand scenario shows that the country had reached its
critical level of capacity utilization of 85% in 2007-08 which eased out in the later
years. It can be rightly said that the recession in 2008-09 was actually a blessing
in disguise for the Indian ports which would have simply crumbled under the

pressure of container traffic growth if the traffic had grown at the same pace.
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Although South Asia as a region will continue to grow in the years to come at a
slower pace says Drewry (Container Forecaster report, 2017). Capacity utilization
declined between 2013 to 2016, but post mid of 2016, trade again picked up, and
by 4Q2016 the capacity utilization level of container ports in India was 75%. The
capacity share of lower east coast ports has increased significantly from 20% in
2012 to 30% in 2016, primarily due to the development of container terminals at
Krishnapatnam and Kattupalli. The capacity share of the Greater Mumbai region
has declined over the same period. For central east coast ports, the capacity share
has remained constant, to the level of 2%. Adani Ports is the largest private
container port developer and operator with eight ports and terminals in total, out
of which, Adani Mundra, Adani Hazira, and Adani Kattupalli are operational and
active ports in handling containerized cargo. Adani Vizhinjam port is under
construction, which is being built to attract India’s gateway traffic presently
handled by Colombo port in Sri Lanka. Port infrastructure has to go tandem with
the development in shipping supply (Like the increase in the size of ships or type
of ships), both ports and liner services are interdependent (Panayides and Song,
2013). Even Notteboom and Rodrigue (2008) talked about the integration of ports

and liner shipping networks in order to reap the full benefits of containerization.

The number of mainline services calling Indian ports has increased from 29 in
2Q2014 to 40 in 2Q2017. With such a remarkable development in container trade.
The average vessel size calling Indian ports has surged from 4,500 Teus in 2014
to 6,000 Teus in 2017. There is a noticeable change in the maximum size of
vessels calling Indian ports which was 6,802 TEUs in 2014 and have increased to
13,000 Teus in 2017. Jawaharlal Nehru Port Trust (better known as JNPT) on the
western coast holds the record of handling 26 mainline services as of 2Q2017
followed by Adani Mundra where 23 mainline services are calling at the same
point of time. Ports like APM Terminals Pipavav, Hazira, Kattupalli, and
Krishnapatnam are called by 6, 5, 2, and 2 mainline services, respectively.
However, Chennai port once being the largest container handling port on the east

coast is losing its charm because it is located right in the center of Chennai city
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which leaves no room for expansion, and therefore, congestion on city roads
disturbs the entire supply chain. The Chennai-bound traffic is opting for
alternatives like Krishnapatnam and Kattupalli like young ports which seem to
have a good future. The container traffic in India has evidenced more or less a
firm growth pattern for the past two decades. The total traffic has increased from
9.8 million TEUs in the financial year 2012 to 13 million TEUs in the financial
year 2016 and is expected to cross 14.5 million TEUs in the financial year 2017.
Over the last five years, container traffic has grown at a CAGR (Compound
Annual Growth Rate) of 6%. The major ports in India accounted for almost 99%
of the container traffic in early 2000. However, the situation changed with the
influx of minor ports. As a result, the container traffic in minor ports in India has
increased considerably over the past five years. It accounts for almost 47% of the
total container traffic handled in the year 2016-17. In conclusion to the supply
development of India, it can be said that with boost up in industrialization and
exports from India, will certainly bring good days for container shipping and
more and more liner shipping operators will be investing. Also, containerization

of bulk commodities will give a forward push to the Indian container trade.

Table 4.1 This table illustrates shipping lines with mentioned capacity calling
Indian ports

CMA CGM 14 604,916 6,049 9,200
Hapag-Lloyd 7 355,375 6,705 9,162
Maersk 7 353,745 6,317 10,000
MSC 4 289,269 9,040 13,102
COSCON 8 215,465 4,897 5,908
NYK 6 153,446 5,115 7,455
OOCL 4 144,861 6,585 9,200
Wan Hai 6 137,186 4,573 5,900
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PIL 4 129,576 4,799 5,908

Evergreen 5 125,736 4,836 6,000

Source: Drewry Maritime Research Database (Route Capacity Database)

4.4.2 Container ports and port development strategies by the Indian
government

The concept of the seaport is not new because a lot many seaport-like structures
have been excavated near pre-historic settlement sites. This clearly indicates that
whenever ancient civilizations engaged in trade, they developed seaports, and
therefore, maritime trade flourished since that era. Container trade is the newest
concept of moving freight and was developed in the late 1960s. In India, there are
13 major and around 200 non-major seaports, however, not all of them handle
containerized freight. Container seaports are established only to handle
containerized freight of all kinds. A Container port or a container terminal is a
combination of manpower, infrastructure, and superstructure that helps shipping
containers to change modes of transport in order to reach their final destination.
Imported cargo at the container seaports is transported to the importer’s premise
using various modes of land transport, and also sometimes, the imported cargo is
required to be transshipped to the nearer seaports and from there it is transported
further.

After the end of the 2008 crisis, container shipping figures started to improve.
India’s consumption also acted as a catalyst in generating trade demand.
However, the global meltdown between 2015 and 2017 softened the overall
demand, resulted in declined export and import volume. The year 2015 proved to
be a choppy year as total exports and import volume took the beating and fell
sharply by 17% compared to the previous year. These circumstances put India’s
medium-term outlook in peril. However, container traffic at Indian ports started
picking up after 2017. In the last 10 years, container traffic has grown at a CAGR
of 10%. Because of such a lucrative growth rate and future potential, India has

been able to attract a good volume of foreign investments. The private sector has
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emerged as a major player, addressing the issues related to infrastructural
bottlenecks. But despite disruptive times, in 2019, India’s total throughput
achieved almost a 17million Teus mark, which is the highest ever as of now.

To attract investments, India’s central government has allowed 100% Foreign
Direct Investment (FDI) in the shipping sector. It is also reviewing the MCA
(Model Concession Agreement) utilized for the purpose of tendering port projects
to the private sector. The reformed MCA aims to embrace provisions, for
example; substitution of the minimum guaranteed cargo (MGC) requirement with
minimum guaranteed revenue (MGR) and exit policy is also clearly drawn which
will allow the private operator to exit six years after the start of commercial
operations. Currently, the trend is shifting toward the use of bigger vessels, and
therefore, existing cranes should be replaced with bigger and modern ones so that
the turnaround time for those vessels can be shortened (Cullinane and Khanna,
2000). Modern ports will definitely help in speed export/import operations in the
near future. Despite all the growth in the port sector over the years, the presence
of certain barriers like duties and taxes have impeded the flow of FDI into the
maritime sector. However, the road is bumpy for international players in India, for
instance, global container port operators such as DP World, APMT, and PSA
International are on the back foot after being asked by tariff regulatory to cut
rates. This will certainly impact their profit earnings and future foreign

investments in India’s maritime sector.

4.4.2a Major versus non-major ports

For a decade, the growth of non-major or intermediate ports is a result of evolving
Public-Private Partnership (PPP). Better facilities at non-major ports have
snatched container traffic from major ports as the top-performing major ports are
operating at high-capacity utilization. Non-major ports have a significant
contribution towards the growth of container trade to/from India; these ports are
emerging massively in throughput with a CAGR close to 30% in the past 10

years. However, the difference is huge as compared to growth in major ports.
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Growth potential combined with a favorable investment climate has motivated or
inspired domestic and foreign private firms to gain access to the Indian ports
sector. Adding to the development of maritime infrastructure, the private sector
has immensely taken part in developing hinterland connections, such as
transporting containerized cargo through rail. The growth for non-major ports like
Hazira and Kattupali in 2015 versus 2014 was 119 % and 200%, respectively.
Indian ports have struggled to maintain efficiency but private players have
invested significantly towards increasing the performance of the ports. Adani
Mundra port is an example among private ports which aimed to develop itself as a
major gateway hub for the cargo flowing from the North and North Western

region in the country.

Presently, more than about 70% of the country’s container traffic is handled by
ports on the western coast. However, Opportunities for east coast ports are
increasing due to India’s ‘Look East policy and China’s evolution as India’s lead
trading partner. Also, the overutilization in the west coast ports provides
development and expansion opportunities to ports on the Eastern coast. Container
traffic handled by east coast ports of India has grown from 1.4 million TEU in
2005 to 3.15 million TEU in 2015, with a CAGR of 8%. In 2010, the
Government of India came up with a 10- year action plan — the National Maritime
Development Programme (NMDP) — to develop the port and maritime sector of
the country. The government planned to invest $14.75 billion over a period of 10
years, which constituted $8.21 billion for enhancing the capacity of major ports
with the remainder being used to develop hinterland connectivity and inland
waterways. So far, the work done in this context is at a very low pace with no
satisfactory results. After the change in central government in the year 2014,
NDA (National Democratic Alliance) came into power. The new government felt
the need for change in the strategic maritime program as they analysed that the
previous governments encouraged private investment in a big way, as a result of
this, the private ports were snatching the throughput handled by major ports, as

discussed earlier. A study performed in collaboration by a well know auditing and
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consulting firm named Ernst Young (EY) and Andhra Pradesh Chambers of
Commerce and Industry (APCCIF) concluded that in coming times, the non-
major ports will be dominating in handling cargo (especially containerized cargo).
Conclusively the NMDP couldn’t yield results that were anticipated during its
formation, and therefore, the government of India showed ambition to replace
NMDP with the more effective Maritime Agenda 2010-2020.

On 31 July 2015, the current central government launched its ambitious
Sagarmala (ocean necklace) project aiming to uplift the maritime sector especially
container trade, and establishment of port-led direct and indirect development.
The primary objective of Sagarmala is to develop ports and terminals of the
country and enhance the efficiency of the transport network to improve hinterland
connectivity, establish logistics hubs; facilitating the environment to set up
industries and manufacturing units in order to improve the export and import
trade. The so-called “Make in India” megaproject will connect market places in
India with ports and further with global markets, this will boost India’s trade with
other countries. There is no point in talking about increasing production under
“Make in India” until we have strong maritime supply chain facilities. All this
will be facilitated by Sagarmala as it will emphasize more on improving the basic
infrastructure so that cargo can be evacuated and transported quickly, efficiently,
and cost-effectively to and from ports by setting up Special Purpose Vehicles to
install efficient rail and road evacuation systems at major ports. This project aims
to develop the undeveloped regions of the country such as seven sister states in
the North-East by encouraging Public-Private Partnership (PPP) models to inject
investment to develop the maritime supply chain sector in the region. The target is
exporting worth $900 billion by 2020 under the Sagarmala project. Under the
Sagarmala, port mechanization and port modernization are also planned and are
already implemented to some extent. To make Sagarmala a huge success

following are some committees formed;

¢ National Sagarmala Apex committee.
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e Sagarmala Development Committee (SDC).
e Sagarmala State Committee (SSC).

e Sagarmala Coordination and Steering Committee (SCSC).

4.4.3 Freight forwarders and the forwarding industry

Towards the end of the 1980s, the concept of containerization was quite liked in
developing and developed countries. This was the time when multinational freight
forwarding companies, regional freight forwarders or also called non-vessel
operating common carrier (NVOCC) came into existence, and they initiated
delivering cargo to the customer’s premises by issuing a document called ‘House
Bill of Lading’. A freight forwarder is a registered company that arranges
transportation of cargo for individual shippers or corporations from point of
origin, which can be exporter’s/exporting firm’s premise or an ICD to the
importer’s/importing firm’s premise. Some of the renowned freight forwarders in
the world are; DHL Supply Chain and Global Forwarding, Kuehne + Nagel, DB
Schenker, DSV, Sinotrans, Nippon Express, Hellmann Worldwide Logistics,
CEVA Logistics, UPS Supply Chain Solutions, and Expeditors, etc. However,
nowadays, freight forwarders are providing a full range of services which are;
booking of containers, tracking of in-transit cargo, preparation of import/export
documents, arranging warehouse services, negotiating freight rates on behalf of
importers/exporters, custom clearance documentation, and cargo insurance. A
freight forwarder does not move cargo by itself but works as an intermediary
between shippers and transport companies. A freight forwarder is a prominent

actor in the maritime supply chains of containerized freight.

There are many freight forwarders in the world that own a fleet of trucks and also
started taking slots on freight trains. In India, a good number of freight forwarders
have also taken the license of Custom House Agents (CHAS), and therefore, this
provides customers with forwarding and custom clearance services under one
roof. However, due to a shortage of funds and international collaborations, only a
handful of companies are fully-fledged freight forwarders. Freight forwarders
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work for liner shipping companies as they bring their clients' cargo to transport
(Tongzon, 2009; Krajewska and Kopfer, 2006). The primary role of freight
forwarders is to ease up the pressure from liner shipping companies and make
sure the way is smooth for freight right from the seller’s premises to the buyer’s
location. Although in a developing country like India where the transport
infrastructure is not so strong, the freight forwarders have to deal with congestion
on roads and railways, limited resources, fewer safety measures followed, and

long delays at times (Sanchez et al., 2003).

Federation of Freight Forwarder’s Associations in India (FFFAI) is an
independent association and the solitary representative of the 28 member
associations from India which represents 6,500 customs brokers (employing more
than 110,000 people) (fffai.org). The primary objectives of the FFFAI are
promoting its interests, coordinating member CHAS, involvement in conferences,
help members with their problems, maintaining quality standards of the services,

and evolving a code of ethics for CHAs.

4.4.4 Inland Container Depot (ICD) and Container Freight Station (CFS)

Inland transportation has undergone a conceptual transformation that includes
technological innovations, organizational, process, and numerous structural
changes. One such development seen in the maritime supply chain domain over
the years is the concept of inland container port or also called dry port
(Banomyong and Beresford, 2001). Inland ports have affected trade flows,
basically, they have added more capacity to the ports and are connected with
seaports through railways or roadways. Container Freight Station (CFS) is almost
similar to an ICD, having situated either at the port or in the vicinity of the port
and connected to port through roadways, is the only nature which differs a CFS
from ICD. Dry ports are least talked about in the maritime sector, yet a handful of
researchers have attempted to study their development and future prospects.
Having a huge landmass, where production arrangements are put up in deep

hinterland, hence the choice of dry port makes a huge difference in logistics
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network says Heaver (2002). Despite having a good network of dry ports and
transport hubs, the wrong/right choice of shippers impacts the complete supply
chain system which will further have an impact on operations (Hayuth and
Fleming, 1994). Western or developed countries have undergone a number of
analytical studies in order to increase efficiency in the supply chain but in

developing countries like India, only descriptive studies are done.

There is a wide range of functions of an inland container port is identified such as
cargo sorting, packing, stuffing, and de-stuffing center (Rodrigue et al., 2010).
The presence of customs makes an inland port a point of customs clearance. It can
also serve the purpose of warehouse, storage yard, or repairing point for damaged
containers. Inland ports are mostly located close to an industrial corridor or
Special Economic Zones (SEZs) and connected to seaports through roadways and
railways (Wiegmans et al., 2015). As per the Ministry of Commerce (Government
of India), there are around 300 dry ports in India that are either functional or
under implementation phase at present. A diagram of functions of an Inland
container terminal suggested by Hayut (1980) is drawn below;
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Figure 4.3 This diagram illustrates the functions of an inland container depot
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4.5 Development and management of hinterland transport
network in India

Three major hinterlands in India are Northwest India (Jammu and Kashmir,
Uttarakhand, Himachal Pradesh, Punjab, Western Uttar Pradesh, Delhi/NCR,
Haryana, Rajasthan, and Western Madhya Pradesh), Western India (Includes
Gujarat and Maharashtra), and Southern clusters (Tamil Nadu and Karnataka) —
account for roughly 90% of container volumes. Out of three major hinterlands, the
Northwest hinterland is situated farthest from the coastline and generates around
35-40% of total throughput, followed by the Western cluster generating 23-28% of
the cargo. The Gujarat and Maharashtra coastline comprises ports like Mundra,
Pipavav, Kandla, and Jawaharlal Nehru Port (JNPT), respectively, that handles
approximately 70% of India’s EXIM traffic (as discussed earlier). While on the
East coast Chennai port handles about 14%. Because of infrastructural barriers,
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diversion from International maritime trade routes, and few other factors, about
78% of the container traffic from the east coast ports is moved through
transshipment facilities via ports like Colombo, Singapore, and Jebel Ali. One
another but an important factor for the slow movement of cargo is that the average
distance between hinterland and ports in India is 700-800 km compared to 150-300
km in China. Even though India offers a lesser cost for transporting per unit cargo
for a distance of one km but longer distances between hinterland and ports lead to
higher costs for Inland transportation of a container in India to that of China. The
inland networks are developing and regions like North-East India still need to be

connected fully so that can also take part actively in trade-related activities.

4.5.1 Railways and Roadways

The railway is one of the prime modes of transporting freight from the hinterland to
ports and vice-versa. There is a humber of ICDs/CFSs in the country which are
connected to ports through rail and roadways. But in the past decade, a surge in rail
haulage, unreliable timetables of freight rakes, poor last-mile connectivity, and no
technology change in railways has become a big factor for facilitating a shift
towards roads results in raising its share. The running of passenger and freight
trains on the same tracks has made the railways unviable for most of the
transportation routes. Although, the present government has put its vision into a
mission to increase the share of railways in the movement of containerized freight,
cut logistics cost which is around 16% of the GDP, which they want to bring less
than 10%. As anticipated, Increase the modal share of railways from the current
18% to 25% will save India $1 billion in logistics cost every year. The situation is
such that it takes about 33 days to export a container from India on some
international routes, while just 25 days from China. At present, rail freight in India
is feasible for exporters and importers only when the distance between seaport and
shippers’ premises is about 1,000-1,300 km or above. With this, the Northwest
hinterland which is the primary hinterland for containerized cargo, rail freight

becomes a vital mode of transportation. However, the difference in cost of rail and
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road remains much or less the same even beyond a distance of 1,000-1,300 km. As

a result, only about 38% of the total volume from this region is transported by rail.

4.5.2 Inland Waterways (1\Ws)
Apart from rail and roadways, India has a substantial network of around 14,500

km of inland water bodies, consisting of rivers, lakes, canals, and backwaters,

etc., among others. The six inland national waterways can potentially provide

reliable, sustainable, and cheaper connectivity across rural, towns and cities. The

inland national waterways of India are listed below:

National Waterway 1 (NW1) from Haldia to Allahabad on Ganges-
Bhagirathi-Hooghly river System

National Waterway 2 (NW2) from Dhubri to Sadiya stretch of Brahmaputra River

National Waterway 3 (NW3) from Kollam to Kottapuram on Champakara and
Udyogamandal Canal

National Waterway 4 (NW4) from Kakinada to Puducherry
National Waterway 5 (NW5) from Goenkhali to Talcher on Brahmani River

National Waterway 6 (NW6) from Lakhipur to Bhanga on Barak River
(Proposed)
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Figure 4.4 Inland waterways (IWs) network in India
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Although these waterways have not yet been developed completely for
commercial application, they provide tremendous scope for economic growth and
trade facilitation. For instance, National Waterway 2 of 890 km from Sadia to
Dhubri (on the Brahmaputra River) is just one meter deep in some areas. The area
can be dredged and used for transporting raw material for construction projects

since rail connectivity is poor in the region, also transporting packed tea from

Assam to nearer seaports. The government could look i
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that connects hundreds of cities and industrial regions through 37,000 km of
waterways. On top of the six Inland National Waterways, the union government
has decided to declare 101 inland waterways as national waterways for facilitating

maritime transport to inland locations.

4.6 Barriers in the maritime supply chains of containerized freight

With globalization, international trade is increasing rapidly, and in all this, the
maritime supply chains are playing an indispensable role in transporting
containerized freight from various origins to the destinations in less time and cost.
This creates value among various actors like shipping lines, freights forwarders,
shippers and manufacturers. Lai et al. (2019) have explained very well how
various tasks/actions in the maritime and inland transportation of containerized
freight joints together to be called Maritime Supply Chains (MSCs). A maritime
supply chain is defined as integration among different activities which are
performed by various actors such as; shipping lines, port terminal operators,
freight forwarders, and land-based logistics system. Maritime supply chains
consist of series of activities and a number of actors; therefore, it needs proper
planning, systematic coordination, and precise execution in transporting
containerized freight from origin-to-destination (Lam, 2015). The concept of the
maritime supply chain (or MSC) is gaining momentum due to growing concerns
like business sustainability, intense global competition, costs, and profitability
issues. Lam and Bai (2016) and Vilko et al. (2019) suggested that actors in the
modern-day, maritime supply chains are interdependent and in this aggressive
competitive environment they have to stay ahead in fulfilling the requirements of
the shippers, which often increases the vulnerability of the maritime supply
chains. If the flow of cargo is affected by any type of barrier, then the
performance of the entire maritime supply chain will be imperiled, in terms of
profitability, productivity, costs, and efficiency (Lam and Bai, 2016). Not just
this, the presence of barriers in the Maritime supply chains inhibits technology,

knowledge, process, and managerial upgrade (Luthra et al., 2016). The existence
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of barriers makes the sector unattractive for foreign investors e.g., India has lost
the confidence of foreign players despite potential in the maritime supply chain
sector. Considering India, Venkatesh et al. (2017) and Kamble et al. (2019)
pointed out barriers in the maritime domain, whereas, Mudgal et al. (2010) and
Roy et al. (2016) explained how barriers are hindering the growth and
development of the freight transport industry in India. So far, some studies exist
on barriers in the maritime and inland transportation of freight, for instance, Yuen
and Thai (2017), Chen et al. (2019), and Zhang and Lam (2019) but don’t
specifically address the barriers in the entire maritime supply chains of

containerized freight in India and that became an inspiration to conduct this study.

The intention of current research is to discern and appraise barriers followed by
identification and ranking the strategies to overcome these barriers. Ranking of
these strategies is necessary so that actors in the maritime supply chains can
execute them (based on the priority order) to overcome the barriers causing
inefficiencies and unproductiveness in the maritime supply chains. Strategies
applied to lessen or neutralize the impact of barriers will help the actors to achieve
business success in terms of monetary profit and increased cliental etc. This
research is persuaded by a noteworthy issue detected in the industry: despite huge
potential, maritime supply chains of containerized freight have confronted
numerous man-made and natural barriers (internal and external both) to its growth
and development. Also, no integrated study is conducted till now that not just
identifies barriers but also develops strategies to neutralize the impact of these
barriers, and this is how current research aims to fill this research gap. Barriers in
the maritime logistics sector are not a problem of a specific region but even the
developed continents like Europe are troubled studied by Barnett et al. (2006) and
Grossmann et al. (2007). The success of maritime logistics is hindered in North
America as well (Perakis and Denisis, 2008 and Brooks and Frost, 2004). Adding
on, these sorts of studies have contributed immensely towards the development of
maritime supply chains in the Western economies. These studies contribute a deep

understanding of barriers in the maritime logistics domain but none of them
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identifies barriers in the maritime supply chains in context to India. Evidently,
there is a notable gap in the existing literature as available studies do not address
the problem of barriers specifically in the maritime supply chains of containerized
freight in India and also no barriers and solution study has implemented
methodological framework, which is why, this study is so valid, unique, urgent

and essential to perform.

4.7 Chapter summary

This chapter has drawn attention to the development of the maritime supply
chains of containerized freight in India. Also, a brief discussion on actors and
stakeholders with emphasis on containerized freight is done. Along with various
factors affecting the development of maritime supply chains, this chapter also
discussed the current status of maritime supply chains. The next chapter identifies

and evaluates the barriers in the maritime supply chains of containerized freight.
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Chapter 5

Evaluation of barriers in the maritime supply chains of
containerized freight

Overview

This chapter aims to cover the identification, finalization, and prioritization of the
barriers in the maritime supply chains (or MSCs) of containerized freight in India.
The categories and sub-categories of the barriers are discerned by conducting both
primary and secondary research. Existing literature is reviewed thoroughly and
domain experts are interviewed in order to understand barriers and their impact on
the maritime supply chains. Additionally, how these barriers interact with each
other is also comprehended. Thereafter, the Fuzzy Analytic Hierarchy Process (or
FAHP) method is espoused and the steps are elucidated to exhibit how it leads to

calculating the final ranks of the critical barriers.

5.1 Introduction

The concept of maritime supply chains is evolving with an increase in
containerized freight traffic in India. For instance, Indian ports are all set to
handle 18 million TEUs of containerized freight in 2020, which is 50% higher
than what ports handled in 2015. To support such rapid growth, we need efficient
and productive maritime supply chains. Although, the government is working
aggressively towards the development of ports and inland freight transport
systems the presence of critical barriers has led to obstructions in the development

and management of the maritime supply chains.

Part of this chapter has been published in:

Annals of Operations Research (2021) [in press]
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Actors and stakeholders (including the government) in the maritime supply chain
sector need to be aware of those key barriers to ensure that they do not impact
their business and the entire maritime supply chain sector as well. In order to
comprehend the nature and impact of all the possible barriers, it is important to
discern them by performing primary and secondary research. The next stage for
actors and stakeholders would be to know the criticality level of each category
and sub-category of the barrier. Once the key barriers are understood, the next
step is to overcome/subjugate the impact of these barriers by identifying and
implementing relevant strategies — which is demonstrated in chapter 6. The

current chapter is based on the first objective which is mentioned below;

Objective 1: To discern and evaluate barriers that impact the maritime supply
chains of containerized freight in India.

In order to achieve the above objective, a model for discerning and prioritizing
critical barriers impacting the smooth working of the maritime supply chains is
developed. The categories and sub-categories of the inhibitors are ranked on the
basis of how critical they are. Also, to identify these categories and sub-categories
of the inhibitors, a wide range of relevant domain experts are chosen and taken

feedback from.

Ranking of the barriers is done by employing FAHP or Fuzzy Analytic Hierarchy
Process methodology. This method falls under multi-criteria decision making
(MCDM) or multiple-criteria decision analysis (MCDA), is a sub-area of
operations research that clearly assesses diversified conflicting criteria in decision
making, which helps in calculating the preference weights and then ranks of the
categories and sub-categories of the constraints. This can be accomplished
through pairwise comparison taking into consideration both qualitative and
quantitative characteristics. To calculate the ranking, the Fuzzy AHP method is
preferred, as it does not permit unreliability and fuzziness while taking decision,

and is more appropriate in practical applications.
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5.2 Proposed Framework

Figure 5.1 Proposed framework
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5.3 ldentification of barriers in the maritime supply chains of
containerized freight

The categories and sub-categories of the barriers, which influence/impact the
operations and management of the maritime supply chains have been gathered
from existing studies and relevant feedback from domain experts. The list of
categories and sub-categories of barriers are illustrated in Table 5.1. The
discerned barriers are classified into six types; Economic Barriers (ECBS),
Infrastructural Barriers (IFBs), Legal Barriers (LGBs), Technological Barriers
(TEBs), Administrative and Political Barriers (ADPBs), and Organizational
Barriers (OGBs). Each of these above-mentioned types of constraints has a list of

sub-categories which are briefly argued below:
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5.3.1 Economic Barriers (ECBS)

Some of the prominent economic barriers are stringent acts causing entry barriers,
costs affiliated with the wider regulatory framework, huge capital required for
establishing and expanding the business, and inflated tonnage tax (Prahalathan
and Vijay, 2010 and Van Der Horst and Langen, 2008). A study carried out by
Yuen and Thai (2017) is the only possible research exist which talks specifically
about barriers in integration among various activities in the maritime supply chain
sector. Similarly, Milios et al. (2019) mentioned how economic affairs impact the
maritime sector in the Scandinavian region. Port tariffs in India are uncompetitive
and are well higher than what rival ports are charging found Masood et al. (2016).
In fact, Song (2002) winded up by saying that ports have to compete with rivals in
the region and that’s how they gain a competitive edge over them. Moving on,
Indian railways (IR) pursues a policy of subsidizing passenger tariff and
continuously soaring freight tariff — a move that has resulted in a reduction of
freight transportation through rail (Grossmann et al., 2007; Ramachandran et al.,
2015 and Van Der Horst and Langen, 2008). Some more studies performed on
economic barriers are reviewed such as; Garg and Kashav (2019), Meherishi et al.
(2019), Konstantinus et al. (2019), Zhang and Lam (2019), Venkatesh et al.
(2017), and Luthra et al. (2017). Sub-categories of economic barriers are listed in
detail in table 5.1.

5.3.2 Infrastructural Barriers (IFBs)

The foremost inhibitors and the most complex in nature are infrastructural
barriers. A well-developed infrastructure in the maritime supply chains is a
decisive factor in their overall performance (Christodoulou and Kappelin, 2020).
Outdated infrastructure with obsolete mechanical handling facilities results in
delays at ports creates congestion and increases turnaround time. The old fleet is
yet another inhibitor in addition to poor infrastructure integration and
management. Prahalathan and Vijay, 2010; Baindur and Viegas, 2011; Chen and
Yu, 2016; Langen and Chouly, 2004; Fouda, 2012 and Tongzon and Lee, 2015).

Similarly, Razzaque (1997) noticed substandard logistics infrastructure as the
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foremost contributors to the infrastructural barriers. Craptastic road safety systems
of the National Highways have plagued entire road transport systems (Masood et.
al., 2016). Also, the draft at the majority of Indian ports is shallow and cannot
accommodate bigger ships, dry port facilities for the movement of containers are
deficient and the freight rail amenities are inadequate. Moreover, most of the
freight rail terminals available for freight handling activities are outdated
(Wilmsmeier et al., 2011; Ramachandran et al., 2015). Zhang and Lam (2019)
debated on the inhibitors impeding the embracing of digital infrastructure in
maritime organizations. Chen et al. (2019) applied the DEMATEL approach to
model barriers (including infrastructural) inhibiting green port strategy. Likewise,
Venkatesh et al. (2017) and Garg and Kashav (2019) conducted in-depth
arguments on the infrastructural barriers. Some of the prominent and recently
performed studies talks about infrastructural barriers in the maritime supply chain
domain reviewed in-depth are; Khan et al. (2019), Angelstam et al. (2017),
lacovidou and Purnell (2016), Jia et al. (2018), Majumdar and Sinha (2019),
Govindan and Hasanagic (2018), Govindan and Bouzon (2018) and Owusu et al.

(2020). Sub-categories of infrastructural barriers are listed in detail in table 5.1.

5.3.3 Legal Barriers (LGBs)

Legal barriers are equally important as other themes of barriers, and that is why
Banomyong (2005) explained the significance of legalities in the maritime domain.
There is a number of well-disciplined stakeholders in the maritime supply chain
sector but still, there is room for legal barriers/disputes to arise (Chan et al., 2018).
As mentioned by Ringsberg and Cole (2020), actors have legal obligations on them
while serving the clients. Likewise, Karlis (2018) argued on legal barriers in the
maritime domain. A type of legal barrier is high tariff charged by ports which may
defunct port owner/operators’ business says de Sousa et al. (2021). Some
ingredients in the port tariff are charges related to hiring berths, pilotage service
charges, charges related to cargo handling, and some other assorted charges, which
are when high then the port service users look for alternatives (Bandara and
Nguyen, 2016; Gumede and Chasomeris, 2018 and Prahalathan and Vijay, 2010).
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Chen et al. (2019) talked about legal issues related to the payment of taxes and
invoices against berthed ships. In developing countries, transporting freight through
roads has always been a matter of concern as the trailers carrying containers are
often in penurious condition, egregiously loaded than allowed, exceeding economic
life thus polluting the environment and prone to accidents (Engstrom, 2016; Behiri
et al.,, 2018; Yu et al., 2017; Joanna and Monika, 2016). Despite interest and
capability, many countries do not permit high-sea carriers (foreign-owned shipping
lines) to transport domestic freight and it certainly hampers logistics connectivity
(Venkatesh et al., 2017; Baik and Park, 2002). Yet another legal barrier inhibiting
the maritime supply chains is mentioned by Borchert at al. (2013) which is imposed
limits on licenses, corruption, and discrimination while allocating the resources.
Because of all the above Ansong et al. (2017) advocated having a proper legal
framework so that issues can be resolved in their amateur stage only. Some more
studies on legal barriers in context to maritime supply chains reviewed in-depth are;
Majumdar and Sinha (2019), Hofmann et al. (2018), Kembro et al. (2017), Ikram et
al. (2020), Beltagui et al. (2020), Delmonico et al. (2018), Luthra and Mangla
(2018) and Gupta et al. (2020). Sub-categories of legal barriers are listed in detail in
table 5.1.

5.3.4 Technological Barriers (TEBs)

Technological barriers are a modern-day problem for many sectors especially for
actors in the maritime supply chains. Not going tandem with technological
changes may lead to the extinction of business or turns a firm unproductive and
non-profitable. For instance, Zhang and Lam (2019) enlightened on how barriers
inhibiting the adoption process of big data analytics. Zeng et al. (2020) inadequate
technological integration and lack of technological readiness may lead an actor in
the maritime supply chain to extinct. This research discerned technological
barriers, for instance, scarcity of modern-day freight handling equipments at
ports, inadequate technological infrastructure, and scant security systems at ports
(Prahalathan and Vijay, 2010; Chandra and Jain, 2007; Chandrasekaran and
Kumar, 2005). Razzaque (1996), Chen et al. (2015), Buyukozka and Goger
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(2018), and MacCarthy et al. (2016) said that the foremost reason for modest
growth is the sluggish implementation of digitalization in the maritime supply
chains. Merchan et al. (2019), Liang et al. (2016), Visser (2018), and Burl (2019)
stated that obsolete technology is no doubt the foremost reason for inhibiting
growth and development in freight transport through rail and roads. Similarly,
technology in the inland waterways has moved sluggishly (Prussi et al., 2019;
ImranUddin et al., 2017; Peeters et al., 2020; Barnes, 2019). Take an example of
Asian countries where the container-carrying trailers travel at an average speed of
40-50 kmph, which is quite lesser than in Europe (Masood et al., 2016). Post-
independence, nothing significant was added to the existing freight rail
technology and the basic problems remained the same to the present day
(Ramachandran et al., 2015). Some more noteworthy studies performed on
technological barriers are; Kumar and Kansara (2018), Kouhizadeh et al. (2021),
Gupta et al. (2020), Kamilaris et al. (2019), Raj et al. (2020), and Wang et al.

(2016). Sub-categories of technological barriers are listed in detail in table 5.1.

5.3.5 Administrative and Political Barriers (ADPBs)

Some of the prominent ADPBs are recurrent changes of the government of a
country, often leading to government officials not grasping the economic situation
of the country, mainly the reform needs in multiple sectors. Shi et al. (2019)
pointed out lack of administrative measures as one of the foremost barriers under
ADPBs. Likewise, Shah and Ikram (2019) ranked political barriers as censorious
among all. A recent study performed by Jiang et al. (2017) mentioned that
maritime supply chains are inhibited because political uncertainties are rising.
Many of the policymakers and strategists in government are either from civil
services or defense forces who follow the orthodox way of controlling and
managing work and this holds back the growth and development of maritime
supply chains. This is one major reason why Ministry of Shipping-owned projects
have tasted little success says Venkatesh et al. (2017). However, the situation is
totally different in Europe and other developed economies where government-

owned projects are efficient (Milios et al., 2019). Political uncertainty, absence of
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stability in government policies, and resource constraints in the country have been
sorted as common issues, which is learned from the Maritime Silk Road Initiative
(Blanchard, 2017; Blanchard, 2018; Razzaque, 1996). Hastig and Sodhi (2020)
and Chan et al. (2019) also talked about political instability as a hurdle in
accomplishing maritime supply chain-related projects. Pakistan alleges the Indian
government of promoting terrorism, an allegation that could tarnish India’s image
in the international market in addition to creating an anti-trade environment
(Masood et. al., 2016). Some more noteworthy barriers related to political and
administrative set up are regulatory complexities, corruption, lack of eagerness
and understanding, unavoidable delays in customs procedure and licensing impact
the entire maritime supply chain domain considerably (Stough, 2005). Sub-
categories of administrative and political barriers are listed in detail in table 5.1.

5.3.6 Organizational Barriers (OGBs)

In growing countries like India, there is a scarcity of qualified managerial
personnel and skilled labor which inhibits the growth and development of
maritime supply chains (Ferreira et al., 2018; Duin and Thoben, 2019; Yuen and
Thai, 2017; Razzaque, 1996). The major barrier among actors in the maritime
supply chain (especially seaports) is the lack of formal organizational structure. In
case the organizational structure exists then it is imperfectly expounded
(Notteboom, 2007 and Thomas, 1994). At present, the overall organizational
structure of the actors in the maritime supply chains must be amended and a
proper channel of communication among stakeholders and actors must be
established (Verhoeven, 2009; Wang and Slack, 2006; and Tongzon and Lee,
2015). Also, Suarez-Aleman and Hernandez (2014) advocated fulfilment of
organizational demands for improving maritime supply chains. Sub-categories of

organizational barriers are listed in detail in table 5.1.
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5.4 Categories and sub-categories of barriers in the maritime
supply chains of containerized freight

Table 5.1 This table illustrates discerned categories and sub-categories of the
barriers.

Lack of FDIs and other investments in the

ECBL maritime supply chain sector
Barriers to entry and expansion in the maritime
ECB2 su;))/ply chaiF:1 business Pittman et al. (2020),
Kurosaki and Singh
Economic ECES High and frequent increments in rail haulage ~ (2016), Park et al. (2016),
Barriers (ECBs) charges Carrara and Longden
- - (2017) and Ruan et al.

ECB4 Higher hinterland transport cost (2019)

ECB5 High port tariffs compared to rivals

ECB6 Slow growth of cargo generating sectors

IFB1 Insufficient area at seaports

Lack of infrastructural integration (in context to
IFB2 the maritime supply chains) with neighboring
countries and regions

Lack of availability and quality of road

IFB3 infrastructure for freight transportation
Lack of availability and quality of inland
IFB4 .
waterways infrastructure
IFB5 Lack of availability and quality of rail
infrastructure for freight transportation
Dawda et al. (2019),
p lity inf " h d Kumar et al. (2020),
Infrastructural IFB6 oor quality in rastructtfrg of warehouses an Repetto et al. (2017),
Barriers (IFBs) cargo storage yards” in the hinterland Kumar and Anbanandam
— - — (2020) and Dadsena et al.
Lack of availability and quality of the maritime (2019)
IFB7 supply chain infrastructure in the North East
region of India
Lack of availability and quality of port-to-port
IFB8 - A
freight transportation infrastructure
Lack of land-side and water-front infrastructure
IFB9
at ports
Lack of availability and quality of ICD/CFS
IFB10 .
infrastructure
IFB11 Lack of dedicated transshipment and feeder port

infrastructure
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TEB1 Obsolete freight rail technology
TEB2 Lack of seaporttg(;](:]irlryzatlon in terms of
9y Yadav et al. (2020),
TEB3 Slow pace of digitization/Computerization in Kumar and Kansara
the maritime supply chains (2018), Chauhan et al.
Technological Poor technology in the inland waterways (2021), Singh et al.
Barriers (TEBs) TEB4 gynletwor;( waterway (2019), Rajput and Singh
(2019), Masood et al.
Insufficient and outdated technology in the (2016) and Moktadir et
TEB5 warehouses, ICDs/CFSs and other container al. (2019)
depots.
Poor technology road trailers lead to slow speed
TEB6 e
and inefficiency
ADPB1 Terrorism
Disagreement between central and state
ADPB2 government on the maritime supply chain
projects
No relevant government policies to cover each
ADPB3 activity in the maritime supply chain
y PPl Praharaj et al. (2018),
ADPB4 Conflicts with neighboring countries impede Kumar et al. (2015),
Administrative growth of the maritime supply chain network Rauer and Kaufmann
and Political - (2015), Farooque et al.
Barriers (ADPBS) ADPB5 Abuse of bureaucratic powers (2019), Waterman (2017)
ADPB6  Lack of administrative and political knowledge and Bienhaus and
Unstabl R ol Haddud (2018)
ADPB7 nstable government state or centra
government
ADPB8 Corruption
Lack of passion to develop the maritime supply
ADPB9 chains among actors, governments and
bureaucrats
LGB1 Lack of transparency in the entire
legal process
Unsupportive laws, regulations and government
LGB2 policies for the actors in the maritime supply
chains
Discrimination and delay in approvals and
LGB3 - -
allocation of projects and resources
Kumar and Anbanandam
. . (2020), Venkatesh et al.
Legal Barriers LGB4 Lengthy legal process in India (2017), Majumdar and
(LGBs) o . Sinha (2019), Malik and
Seaport operators charged with fines/penalties Tiwari (2017) and
LGB5 for various reasons is demotivating private Masood et al. (2016)
investments
Corruption and bribery culture right from
LGB6 document approvals to getting mega port
projects
No strict freight transport pollution related laws
LGB7  and regulations, impact on air and water quality

because of the maritime supply chains activities
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Lack of safety measures followed in the

0GBl 2 -
maritime supply chains
0OGB2 Lack of qualified managerial personnel
0GB3 Labor strikes and unskilled labor Kumar and Anbanandam
- - - - (2020), Venkatesh et al.
Oraanizational OGB4 Lack of managerial and operational integration (2017), Kamble et al.
Ba:?iaer:éz(agggs) in the maritime supply chains (2019), Suarez-Aleman
Unavailability of labor due to migration (asa ~ and Hernandez, (2014)
OGB5 result of pandemics, low wages/salaries, poor ~ and Tongzon and Lee
facilities etc.) (2015)
OGB6 Lack of dialogue among act.ors in the maritime
supply chains
OGB7 Lack of formal organizational structure

Source: Author’s composition

5.4.1 Stage 1 - Application of Fuzzy AHP Methodology

The AHP procedure was instigated by Satty (1980), is an empirical arrangement
of decision making where there is multi-criteria. The practice of AHP has some
complications as it is often employed in friable circumstances, the measurement
scale is not balanced, its subjective character and impreciseness. This entails a
Fuzzy situation to respond to the issues (Prakash & Barua, 2015; 2017).

In the FAHP set-up, there exists error and poor lucidity in determining linguistic
variables. This unpredictability can be subjugated through Fuzzy methodology. In
fact, the so-called fuzzy triangular numerals (TFNSs) are recurrently utilized (refer
Table 5.2).

Table 5.2 Matrix of TFNs

Equally 1,1,1)
Very Lower (1,2,3)
Lower (2,3,4)
Medium (3.4,5)
Higher (4,5,6)
Very Higher (5,6,7)
Excellent (7.8,9)

Source: Garg and Kashav (2019)
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Chang (1992) method:

Definition 1 If N, = (p,.q,,7;) and N, = (p,, q,,7,) are representing two TFNs then algebraic
operations can be stated as follows-

N, ON, = (p1,00.11) @ (prgpmy) = (01 + 00 gy +apm +13) o (L)
Nle ﬁ = (pyqpm) © (P apm) = (s — 1y @y — 21y — 1) oo (12)
N, ® ﬁ: =0y, q01) ® (P q2m) = (@ip2 G021m) (1.3)
Ny @ Ny =(pya01) @ (02.02m) = (o1/0s @1/@ums/1) e (L4)
a« @ N, = (ap,, aq,,ar;) wherea>0 . (1.5)
N =) =(5) (1.6)

To apply the Fuzzy analytical hierarchical process according to the method of Chang’s (1992)
extent analysis used. Steps are given below-

Mg, M3, My ..., My Where i is the goal set (i=1,2,3,4,5 ......n) and all the M (= 1,2,
3,4,5... , m) are TFNs given in Table 5.2.

Step 1: Determine Si (Fuzzy synthetic extent value) w.rto the i criterion
-1

555”&* ZZ% e (1)

) 1 1 1
ZZM; = ?! T ™
' _;. =1Tij &= 1E 1% i= 1E =1 Pij

i=1j=1
Where p is the lower limit value, g is the most promising value and r is the upper limit value.
Step 2: The degree of possibility of
2= (P2, G2, 12) > S1= (P, qg, 1) is defined as below
V(Sz >81) ;:2 [min(us, (x), us, ()]
and x and y are membership values and can be written as given in equation 1.8 below:
1 if 2> by
V(S2>81) = 0 if a1>Co
B17 T3 d
(az—r)~(ay ) "

otherwise  ........... (1.8)

Where pd is the maximum membership point Bs, and Bs, (refer Figure 5.2)
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Figure 5.2 Fuzzy numbers’ intersection

Membership
function

» Fuzzy value

Source: Author’s composition

To compare S1 and S2 we need both V(S1 > S2) and V(S2 > S1).

Step 3: The degree of possibility for a convex Fuzzy number S to be greater than k convex Fuzzy
numbers Si (i=1,2,.....,k) can be defined by

V (S=S1,S2,....... ,Sk)
=V [(S=S1) and (S=S2) and ........ and (S=Sk)]

=minV (S=Si), i=12,... Kk

Assume that d'(Ai) =min V(Si=Sk) (1.9)
Fork=1,2, ..., n, k+#1i, Than the weight vectors are given in equation 1.10 as,
W'=(d'(Al), d'(A2),....... LA AM)T (1.10)

Step 4: Finally, normalized weight vectors are known in equation 1.11 as,

W= (d (A1), d (A2),..ccond (AM)T oo (1.11)

5.4.2 Stage 2 - Determination of barriers’ weights

The decision team has assigned a rating to the specific barriers’ categories and
their sub-categories. An expert panel has allocated the Fuzzy score to each
approach using the scale given in table 5.2 as highlighted in table 5.3. The Fuzzy
score matrix of the specific barriers group and their sub-groups, along with weight
value, are highlighted in table 5.4-5.9. In order to obtain priority weights, Chang’s
extent analysis is exercised in the research methodology. The results of the

specific barriers group and their sub-groups are offered in table 5.10.
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Table 5.3 Ranking of the barriers

ECB ,1,1) 2,3, 4) (3,4,5) (0.33,05,1)  (0.2,0.250.33) (0.25,0.33,05)  0.1620
IFB  (0.25,0.33, 05) ,1,1) (0.33,0.5, 1) (2,3, 4) (2,3, 4) (3,4,5) 0.2053
TEB 1,2 3) (0.25,0.33,05)  (0.33,05, 1) ,1,1) (0.25, 0.33, 05) (3,4,5) 0.1758
ADPB (3,4,5) (0.25,0.33,05) (0.2, 0.25, 0.33) (2,3, 4) 1,1,1) (1,2,3) 0.1464
LGB  (0.2,0.25, 0.33) 1,2 3) ,1,1) 1,2,3) (3,4,5) (0.33,05,1)  0.1875
0GB 2,3, 4) (0.2,0.25, 0.33) @,23) (0.2,0.25,0.33)  (0.33,0.5, 1) 1,1,1) 0.1230

Source: Author’s composition
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Table 5.4 Economic barriers’ ranking

ECB1 0.1506 5
ECB2 0.2145 1
ECB3 0.1727 2
ECB4 0.1628 3
ECB5 0.1522 4
ECB6 0.1472 6

Source: Author’s composition

Table 5.5 Infrastructural barriers’ ranking

IFB1 0.0762 11
IFB2 0.0780 10
IFB3 0.0920 5
IFB4 0.0849 6
IFB5 0.0969 3
IFB6 0.0834 8
IFB7 0.0818 9
IFB8 0.0969 4
IFB9 0.1021 2
IFB10 0.0849 7
IFB11 0.1230 1

Source: Author’s composition

Table 5.6 Technological barriers’ ranking

TEB1 0.1620 4
TEB2 0.2053 1
TEB3 0.1758 3
TEB4 0.1464 5
TEB5 0.1875 2
TEBG6 0.1230 6

Source: Author’s composition
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Table 5.7 Administrative and policy barriers’ ranking

ADPB1 0.0933 9
ADPB2 0.1034 7
ADPB3 0.1143 3
ADPB4 0.1237 2
ADPB5 0.1136 4
ADPB6 0.1068 6
ADPB7 0.1005 8
ADPB8 0.1360 1
ADPB9 0.1085 5

Source: Author’s composition

Table 5.8 Legal barriers’ ranking

LGB1 0.1564 2
LGB2 0.2104 1
LGB3 0.1335 5
LGB4 0.1247 6
LGB5 0.1470 3
LGB6 0.1454 4
LGB7 0.0826 7

Source: Author’s composition

Table 5.9 Organizational barriers’ ranking

OGB1 0.1567 2
0OGB2 0.1919 1
OGB3 0.1347 5
OGB4 0.1269 6
OGBS 0.1475 4
OGB6 0.0873 7
OGB7 0.1551 3

Source: Author’s composition
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Table 5.10 Barriers’ global ranking

ECBL 0.1506 5 0.0244 16

ECB2 0.2145 1 0.0347 3

ECB3 0.1727 2 0.028 8

ECBs 0.162 ECB4 0.1628 3 0.0264 11
ECB5 0.1522 7 0.0247 15

ECB6 0.1472 6 0.0238 17

IFB1 0.0762 11 0.0156 39

IFB2 0.078 10 0.016 37

IFB3 0.092 5 0.0189 27

IFB4 0.0849 6 0.0174 30

IFB5 0.0969 3 0.0199 23

IFBs 0.2053 IFB6 0.0834 8 0.0171 32
IFB7 0.0818 9 0.0168 33

IFB8 0.0969 4 0.0199 24

IFB9 0.1021 2 0.021 21

IFB10 0.0849 7 0.0174 31

IFB11 0.123 1 0.0252 13

TEBL 0.162 4 0.0285 7

TEB2 0.2053 1 0.0361 2

TEB3 0.1758 3 0.0309 5

TEBs 0.1758 TEB4 0.1464 5 0.0257 12
TEBS 0.1875 2 0.033 4

TEB6 0.123 6 0.0216 20

ADPB1 0.0933 9 0.0137 45

ADPB2 0.1034 7 0.0151 43

ADPB3 0.1143 3 0.0167 34

ADPB4 0.1237 2 0.0181 29

ADPBs 0.1464 ADPB5 0.1136 4 0.0166 35
ADPB6 0.1068 6 0.0156 40

ADPB7 0.1005 8 0.0147 44

ADPBS 0.136 1 0.0199 22

ADPB9 0.1085 5 0.0159 38

LGB1 0.1564 2 0.0293 6

LGB2 0.2104 1 0.0394 1

LGB3 0.1335 5 0.025 12

LGBs 0.1875 LGB4 0.1247 6 0.0234 19
LGB5 0.147 3 0.0276 9

LGB6 0.1454 4 0.0273 10

LGB7 0.0826 7 0.0155 42

OGB1 0.1567 2 0.0193 25

0GB2 0.1919 1 0.0236 18

0GB3 0.1347 5 0.0166 36

OGBs 0.123 OGB4 0.1269 6 0.0156 41
0GB5 0.1475 4 0.0181 28

0GB6 0.0873 7 0.0107 46

OGB7 0.1551 3 0.0101 26

Source: Author’s composition
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5.5 Analysis of results and discussions

The results in this study are derived by utilizing the Fuzzy AHP method under
Fuzzy environment are demonstrated in Table 5.10. The final outcome constructs

below arguments:

5.5.1 Rank of the Categories

The presence of critical barriers led to a number of business problems that are
faced by the actors and stakeholders, for instance, shippers alone are losing $400
million every year. Therefore, to discern these barriers, this study took the help of
the Delphi survey and available literature so that the categories and sub-categories
of barriers can be unearthed. Thereafter, the Fuzzy AHP method was applied to
those categories and sub-categories. The results specify that the infrastructural
barriers (IFBs) category is critical most and the foremost reason in crippling of
maritime supply chains of containerized freight. In terms of criticality,
infrastructural barriers (IFBs) are followed by Legal Barriers (LGBS),
Technological Barriers (TEBs), Economic Barriers (ECBs), Administrative and
Political Barriers (ADPBSs), and Organizational Barriers (OGBSs).

Infrastructural barriers or IFBs are the critical most inhibitors in nature when it
comes to smooth operations and management of the maritime supply chains of the
containerized freight. In fact, most of the domain experts advocated the fact that
IFBs should be given the first rank as there is a lack and absence of infrastructural

facilities related to the maritime supply chains.

Legal Barriers (LGBs) and technological barriers (TEBs) are the next most
significant barriers that inhibit the smooth working of the maritime supply chains
by problems like unsupportive government policies, laws, and regulations,
corruption, bribery, poor quality of equipments and cranes, and poor technology
in the ICDs/CFSs. Economic barriers (ECBs) gained a fourth place and the
broader economy and trade-related issues that hinder the smooth working of the

maritime supply chains. Administrative and political barriers (ADPBs) and
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organizational barriers (OGBs) possess the least influence on the maritime supply

chains of containerized freight.

5.5.2 Rank of Individual factors in each category
The section discusses the ranks obtained by individual categories and sub-

categories under them, which is as follows;

5.5.2a Infrastructural Barriers (IFBs)

The empirical analysis concludes infrastructural barriers to be the most
severe/critical in maritime supply chains of containerized freight. IFBs are also
argued by some profound studies like Chaudhary et al. (2017), Katiyar et al.
(2017), Rahman et al. (2020), and Kamble et al. (2019). Under IFBs, there are 11
sub-criteria which are ranked as
IFB11>IFB9>IFB5>IFB8>IFB3>IFB4>IFB10>IFB6>IFB7>IFB2>1FB1, where,
IFB11 which is “Lack of dedicated transshipment and feeder port infrastructure”
has obtained a preference weight of 0.1230 within the pool of 11 sub-categories of
infrastructural barriers. Similarly, IFB11 obtained a preference weight of 0.0252
among 46 sub-categories of the barriers and ranked 13" most critical sub-category
of the barriers. This indicates that IFB11 is the most critical and thus ranked one
among [FBs. Contrary to IFB11, IFB1 which is “Insufficient area at seaports” has
scored a preference weight of 0.0762 among IFBs, and therefore, it is the least
critical in nature and has been ranked 11", refer Table 5.10. Also, IFB1 obtained a
preference weight of 0.0156 among 46 sub-categories of the barriers and ranked
39" most critical sub-category of the barriers. The prominence of IFB11 was also
explained by one of the domain experts in the Delphi survey panel;

The problem of lack of transshipment hub and feeder port in India is widely
realized and not new among domain experts, however, the government has failed
to understand its importance. The establishment of a dedicated transshipment hub
will not only save the immense cost of shippers but also will provide business to
many actors in maritime supply chains. Also, having a dedicated transshipment

hub will speed up the flow of cargo in maritime supply chains and will be highly
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helpful in implementing the concept of JIT (Just in time). With the development of
a transshipment hub port, socioeconomic development of coastal areas and
communities will also boost. Therefore, the need of the hour is to develop a

transshipment hub and feeder port in India.

In a study performed by Kavirathna et al. (2018), the transshipment hub seaport
competitiveness of Port of Colombo was assessed and compared with
transshipment hub ports in the Southeast Asia region. Port of Colombo is the most
preferred transshipment hub port in the Southeast Asia region and which is why
India-bound cargo is also offloaded at Port of Colombo and then further
transhipped to Indian ports. Drewry Maritime Research estimates that 75% of
transshipment cargo at Colombo is India bound. This means around 3.5 million
TEUs of India’s containerized cargo is handled by the Colombo port. The extra
added cost is $80-100, or Rs 5,000-6,500, per TEU, and this wouldn’t be paid if
the container traffic is handled by Indian ports. An estimated $330 million of the
extra cost paid by shippers in 2017-18. This can also be treated as an opportunity
cost not earned by the Indian container ports and terminals. Not just this,
Colombo accounts major chunk of India’s transshipment volume which is 48%,
whereas Singapore handles 22% and Malaysia’s Port Klang 10% of India’s

international cargo, as per Drewry maritime research.

Going further, IFB9 which is ‘Poor land-side and water-front infrastructure at
ports’ scored the second rank with a preference weight of 0.1021 among IFBs.
Also, IFB1 obtained a preference weight of 0.0210 among 46 sub-categories of
the barriers and ranked 21% most critical sub-category of the barriers. The ranking
of IFB9 can be understood from the fact that many of the major seaports are
underperforming and the foremost reason for this is inadequate and obsolete
seaport infrastructure. For instance, land and waterfront infrastructure at seaports
and equipments are outdated, incapable of continuous dredging operations,
obsolete navigational aids and IT systems, outdated pilot and tug boats, and
insufficient container yards are just some of the infrastructure-related issues

which are faced by container seaports in India. Because of the above-mentioned
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problems, foreign investors are hesitant about investing in the region. Thereafter,
IFB5 which is ‘Poor freight rail infrastructure’ gained the third rank by scoring a
preference weight of 0.0969 among IFBs. Also, IFB1 obtained a preference
weight of 0.0199 among 46 sub-categories of the barriers and ranked 23™ most
critical sub-category of the barriers. Why IFB5 ranked third because there are so
many shortfalls if we look thoroughly at our freight rail network and, which is
why the share of container traffic transported by railways to/from seaports has
fallen drastically over years. Lack of dedicated tracks for freight railways,
inadequate technology, lack of connectivity especially in the Northeast India
region, and lack of foreign investment are some of the major reasons why freight
rail infrastructure remained in a poor state. The essence of IFB9 and IFB5 is well
argued by Hossain et al. (2020), Durén et al. (2018), and Wilmsmeier and Monios
(2016). Likewise, IFB8 which is “Lack of availability and quality of port-to-port
freight transportation infrastructure” has secured the fourth rank among IFBs by
scoring a preference weight of 0.0969 in the pool of IFBs. Also, IFB8 obtained a
preference weight of 0.0199 among 46 sub-categories of the barriers and this
makes it the 24" most critical sub-category globally. Likewise, IFB3 which is
“Lack of availability and quality of road infrastructure for freight transportation”,
IFB4 which is “Lack of availability and quality of inland waterways
infrastructure”, IFB10 which is “Lack of availability and quality of ICD/CFS
infrastructure”, IFB6 which is “Poor quality infrastructure of warehouses and
cargo storage yards’ in the hinterland”, IFB7 which is “Lack of availability and
quality of maritime supply chain infrastructure in the North East region of India”
and IFB2 which is “Lack of infrastructural integration (in context to maritime
supply chains) with neighboring countries and regions” obtained preference
weights of 0.0920, 0.0849, 0.0849, 0.0834, 0.0818 and 0.0780 among IFBs and
stood at fifth, sixth, seventh, eighth, ninth and tenth rank, respectively. Also,
among 46 sub-categories of barriers, IFB3, IFB4, IFB10, IFB6, IFB7, and IFB2
obtained preference weights of 0.0189, 0.0174, 0.0174, 0.0171, 0.0168 and
0.0160 gained 27", 30", 31%, 32", 33™ and 37" rank, respectively.
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5.5.2b Legal Barriers (LGBs)

Legal barriers (or LGBs) gained the second rank with a preference weight of
0.1875 among categories of the barriers. With this, LGBs are the second most
critical/severe in nature after IFBs, which was also discussed by Majumdar and
Sinha (2019) and Chaudhary et al. (2017) in the past. Under LGBs, there are
seven sub-categories which are ranked as
LGB2>LGB1>LGB5>LGB6>LGB3>LGB4>LGB7 (refer Table 5.10). Here,
LGB2 which is “Unsupportive government policies, laws and regulations for the
actors in the maritime supply chains” has gained a preference weight of 0.2104
among sub-categories of legal barriers (LGBs). This indicates LGB2 to be the
most critical and therefore has gained the first rank. Also, LGB2 obtained a
preference weight of 0.0394 among 46 sub-categories of the barriers, and with
this, LGB2 has gained the first rank globally. Government policies and laws
related to the maritime supply chain sector haven’t been very friendly to foreign
investors in India. A lot many times port operators are penalized by the
government for unfair practices, however, this demotivates foreign investments.
Yet another example is the high haulage tariff charged by Indian Railways which
is a hurdle for private train operators in India and for this they have been
protesting for a long. The prominence of LGB2 was also explained by one of the
domain experts in the Delphi survey panel;

Government policies and laws have been unsupportive when it comes to the
maritime supply chain sector. India must consider an example of countries like
Singapore and Panama where the economic development of the countries is
totally dependent on the maritime business. No doubt, India is strategically
located on a prominent Far East and Europe trade lane and if the government
shows required relevant interest towards sector’s growth, the sector can

contribute immensely towards the socio-economic development of the country.

Further, LGB1 which is “Lack of transparency in the entire legal process” gained a
preference weight of 0.2104 among LGBs and scored the second rank among this

pool. Also, LGBL1 obtained a preference weight of 0.0293 among 46 sub-categories
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of the barriers, and with this, LGB1 has gained the sixth rank globally. Lack of
transparency has always been a problem in a developing country like India, and
because of this, unfair practices have become very common. If there is a lack of
transparency in the system then there is a high possibility of corruption and
illegalities. Moving on, LGBS5 which is “Seaport operators charged with
fines/penalties for various reasons is demotivating private investments” gained a
preference weight of 0.1470 among LGBs and scored the third rank among LGBs.
Also, LGB5 obtained a preference weight of 0.0276 among 46 sub-categories of the
barriers, and with this, LGB5 has gained the third rank globally. Similarly, LGB6
which is “Corruption and bribery culture right from document approvals to getting
mega port projects”, LGB3 which is “Discrimination and delay in approvals and
allocation of projects and resources” and LGB4 which is “Lengthy legal process in
India” secured preference weights of 0.1454, 0.1335 and 0.1247 among LGBs and
stood at fourth, fifth and sixth rank, respectively. Also, among 46 sub-categories of
barriers, LGB6, LGB3, and LGB4 obtained preference weights of 0.0273, 0.0250,
and 0.0234 and gained 10", 14™ and 19" rank respectively. LGB7 which is ‘No strict
freight transport pollution-related laws and regulations, impact on air and water
quality because of maritime supply chain activities’ obtained a preference weight of
0.0826 and acquired the seventh rank. This means LGB7 is the least critical among
sub-criteria of LGBs. Also, LGB7 obtained a preference weight of 0.0155 among 46
sub-categories of the barriers., and with this, it has gained 42" rank globally. There
have been cases in the under-developed or developing economies where governments
have not been much supportive or friendly towards actors in the maritime supply
chains (Bavinck et al., 2017; Sorour and Abdul-Mageed, 2016).

5.5.2c Technological Barriers (TEBS)

With a preference weight of 0.1758, this study concluded Technological Barriers
(TEBs) to be the third most critical/severe in nature which has six sub-categories
under it. In fact, Chen et al. (2019), Zhang and Lam (2019) and Radwan et al. (2019)
talked about how technology-related barriers obstructed the smooth flow of

containerized freight in maritime supply chains. Under TEBs, there are six sub-
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categories which are ranked as TEB2>TEB5>TEB3>TEB1>TEB4>TEBG6 (refer
Table 5.10). Here, TEB2 i.e., “Poor quality of equipments and cranes at ports”
obtained a preference weight of 0.2053 among the pool of six technological barriers
and thus scored rank one, which makes it the most critical sub-category of
technological barriers. Also, TEB2 obtained a preference weight of 0.0361 among 46
sub-categories of the barriers and this makes it the 2" most critical sub-category
globally. Indian ports especially container ports lack technological advancements and
this is a prominent constraint when compared with most modern container ports
located globally. One big reason why Indian ports cannot compete with Port of
Colombo is because of old and obsolete equipments and cranes at Indian ports which
are highly inefficient and unproductive. Poor cranes adversely affect the
loading/unloading rates and turnaround time of the vessels. Not just the efficiency
and productivity but because of old and obsolete cranes, the safety of the dock labor
and berthed vessels is also in peril, if anything wrong happens. The poor condition of
equipments and cranes is also because of the lack of interest shown by the
government towards the development of container ports in India. The prominence of

TEB2 was also explained by one of the domain experts in the Delphi survey panel;

A report presented by Comptroller and Auditor General (CAG) in 2010,
mentioned briefly Indian ports especially major ports compelled to use old and
obsolete equipments which are decreasing productivity, efficiency, turnaround
and also compromising with safety of dock labor. Poor quality of equipments and
cranes at ports was one of the foremost reasons why containerized cargo volumes

have shifted from major to non-major ports over years.

Moving on, TEBS i.e., “Insufficient and outdated technology in the warchouses,
ICDs/CFSs and other container depots” received a preference weight of 0.1875
among the pool of six technological barriers and therefore scored the second rank.
Also, TEBS5 obtained a preference weight of 0.0330 among 46 sub-categories of the
barriers and this makes it the fourth-most critical sub-category globally.
Technology is adopted to solve multiple problems in warehouses, ICDs/CFSs, and

other container depots, however, if required technology is not installed or obsolete
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technology is replaced then the productivity of the warehouse/ICD/CFS will be
decreased. Singh et al. (2019) also took an example of SMEs in the food industry in
India and explained how obsolete technologies can affect any business
significantly. Further, TEB3 i.e., “Slow pace of digitization/Computerization in
maritime supply chains” has scored a preference weight of 0.1758 among the pool
of six technological barriers and thus gained the third rank. Also, TEB3 obtained a
preference weight of 0.0309 among 46 sub-categories of the barriers and this makes
it the fifth most critical sub-category globally. India is a leading developing country
and its maritime supply chain sector is evolving in tandem with the strengthening of
the economy. Similarly, digitization and computerization are also being installed in
all the sectors including maritime supply chains to boost the economy. However,
the slower pace of installing digitization/computerization has already attracted a lot
of issues and has increased the possibility of barriers and constraints which if
ignored could prove to be destructive. Thereafter, TEB1 and TEB4 obtained
preference weights of 0.1620 and 0.1464 among the pool of TEBs and are ranked
fourth and fifth, respectively, among TEBs. Also, TEB1 and TEB4 gained
preference weight of 0.0285 and 0.0257 among 46 sub-categories of the barriers
and have scored seventh and 12" rank globally. Further, TEB6 which is “Lack of
modern technology road trailers lead to slow speed and inefficiency” received the
least rank among six TEBs by securing a preference weight of 0.1230. Also, TEB6
attained a preference weight of 0.0216 among 46 sub-categories of the barriers and

this makes it the 20" most critical sub-category globally.

5.5.2d Economic Barriers (ECBs)

Economic Barriers (or ECBs) attained a preference weight of 0.1620 among six
categories of barriers and are the fourth-most critical type of barriers. ECBs have
SiX sub-categories of barriers which are ranked
ECB2>ECB3>ECB4>ECB5>ECB1>ECB6 (refer Table 5.10), wherein, ECB2
which is “Entry and expansion barriers in the maritime supply chain businesses”
possessed the first rank by securing a preference weight of 0.2145 and is most

severe among economic barriers. Also, ECB2 attained a preference weight of
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0.0347 among 46 sub-categories of the barriers and this makes it the 3 most
critical sub-category globally. Entry barriers are those elements that prevent the
entry of corporations in the maritime supply chain sector, contrary to this, exit
barriers are those elements that do not let corporations exit the sector even though
they are making losses. One of the major reasons why there are entry and exit
barriers in the maritime supply chain sector is because of the involvement of huge
investments. It needs heavy funds to enter maritime supply chain business, and
once entered, it is difficult to wind up. In this era, when competition in the
maritime supply chain sector is at its peak, it becomes even more difficult to enter
and exit the sector. Entry barriers are good for those for are already there in the
maritime supply chain sector as the barriers do not let new corporations join the
sector. On the other hand, exit barriers do not let corporations exit maritime
supply chain business easily, and therefore, the existing companies would not be
benefitted from this. The prominence of ECB2 was also explained by one of the

domain experts in the Delphi survey panel;

In context to the maritime supply chain sector - A barrier or constraint to entry is
a set of factors that impede the ability of a corporation to enter, invest and
operate in maritime supply chain business. Similarly, a barrier or constraint to
exit is a set of elements that inhibit a company to wind up the business and leave
the maritime supply chain industry. One such factor/element that impedes entry in
the maritime supply chain sector is its highly capital-intensive nature that does
not easily allow firms to enter and invest in the sector. Cut-throat competition in
this sector is yet another factor why firms do not enter the sector. Likewise, once
entered this domain it’s not easy for the corporation to leave because of huge

investments in assets.

Moving on, ECB3 i.e., “High and frequent increments in rail haulage charges”
scored a preference weight of 0.1727, which makes it the second most critical
barrier among ECBs. Also, ECB3 attained a preference weight of 0.0280 among
46 sub-categories of the barriers and this makes it the 8" most critical sub-

category globally. Haulage charge is the tariff paid by container train operators to
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the Indian Railways on behalf of shippers for using its locomotives, fuel, network,
and other facilities. Subsidized passenger fares compel the Indian Railways to lift
haulage charges in order to maintain revenues, but high haulage charges
discourage freight volumes. This has actually happened over years as because of
increasing haulage charges the share of containerized freight on trains has reduced
drastically, rather shifted to roadways. Container train operators have been
protesting every year over high haulage charges. At the time of taking feedback
on barriers from one of the domain experts working for a container train operator

gave the below comment;

Container train operators are not pleased with frequent and high haulage
charges announced by Indian Railways. Therefore, they are suggesting IR that
haulage fee should be declared only annually, with proper announcement and the
annual hike required to be restricted at 5%. High haulage charges are directly
impacting the profitability of the container train operators as it stays around 60-

70% of the operating cost of a CTO.

Likewise, ECB4 i.e., “Higher hinterland transport cost” gained the third rank
among ECBs by scoring a preference weight of 0.1628 among ECBs. Also, ECB4
attained a preference weight of 0.0264 among 46 sub-categories of the barriers
and this makes it the 11™ most critical sub-category globally. It is very well
known that logistics cost in India is 13-14% of the GDP, which is quite higher
than in the developed countries like the United States, Germany, and Japan. High
hinterland transport cost is a demotivating factor for the actors in maritime supply
chains and especially for foreign investments. Most importantly, high hinterland
transport costs discourage micro and small enterprises that are importing and
exporting products. In a similar way, ECB5 which is “High port tariffs compared
to rivals” and ECB1 which is “Lack of FDIs and other investments in maritime
supply chain sector” obtained preference weights of 0.1522 and 0.1506,
respectively, among ECBs and scored fourth and fifth ranks, respectively, among
sub-categories of ECBs. India’s rival transshipment hubs of Colombo, Singapore,

Jebel Ali, and Port Klang offer considerably lower port tariffs than JNPT, Adani
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Mundra, and Pipavav - India’s top bustling container ports. This not just
demotivates actors in the maritime supply chain business but also scraps India’s
much-awaited plan to establish a hub transshipment port. Also, ECB5 and ECB1
attained preference weights of 0.0247 and 0.0244 among 46 sub-categories of the
barriers and this makes it the 15" and 16" most critical sub-categories globally.
Oppositely, ECB6 which is ‘Uncompetitive port tariffs’ secured the least rank

among sub-categories of economic barriers.

5.5.2e Administrative and Political Barriers (ADPBSs)

Administrative and Political Barriers (or ADPBs) are ranked fifth most
critical/crucial barriers. Under ADPBs, nine sub-categories are identified and
ranked with the Fuzzy AHP method, check Table 5.10. In the analysis, ADPB8
which is “Corruption” obtained a preference weight of 0.1360 among nine sub-
categories of ADPBs and thus attained the first rank which makes it the most
critical/severe sub-category. Also, ADPB8 gained a preference weight of 0.0199
among 46 sub-categories of the barriers and this makes it the 22" most critical
sub-category in the pool of 46 sub-categories. The problem of corruption is quite
prevalent in the maritime supply chain sector of India. In order to intercept
corruption in the maritime supply chain section, the government of India has
linked up with Maritime Anti-Corruption Network (MACN). Corruption is not
only restricted up to project allocations but also with vessels calling Indian ports
as they face unwanted barriers/constraints or interdict demands. A number of
growing countries possess export/import licensing and other regulatory needs but
due to the absence of lucidity and other issues, freight transportation consumes
more time, troublesome, and expensive. Reviewing these demands, mainly in
‘greater risk’ nations where native officers may be significantly poorly paid and
where corruption is a practice, the urge to give bribes to the bureaucrats to
expedite merchandise trade may be heftier. A reported by the OECD, the freight
transport sector is one of the most corrupt where most bribes are given, and
therefore, revisions to the Prevention of Corruption Act, 1988 mention corruption

as an odious offence, and stricter prison terms are enforced for those who are
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involved. The actions decided comprise penal terms being increased from six
months to three years and from a highest of five years to seven years. The
proposed amendment Act will also ensure a speedy trial, limited to two years, for
corruption cases. The ambit of the existing Act will be enhanced to make
commercial entities liable for inducement of public servants. Under the present
law, only individuals are liable. The recommended revision also gives for the
problem of recommendation to corporate firms to avoid officials connected with
them from bribing a public servant. Confronting these problems is beneficial for
the maritime sector, and for actors and stakeholders in this sector. Despite all
efforts, the problem of corruption has remained widespread in the maritime
supply chain sector of India, for that reason, ADPB8 has gained the first rank in
the analysis. The prominence of ECB2 was also explained by one of the domain

experts in the Delphi survey panel;

The influence of culture of bribery goes past higher money paid for low grade
commodities to substandard grade construction of infrastructure generating less
returns, beside less funds for maintenance — and this is how the impact of
corruption can be felt. Renowned actors in the maritime business are involved in
corruption, because they have deep pockets, they big for bigger government
projects. The entire bidding is surrounded by corruption, as the officials in the

government may favor certain bidders.

The customs and excise departments in the under-developed and developing
nations are often involved in corruption related activities. Especially in the under-
developed countries, the customs officers are often involved in crimes like
blackmailing, patronage, favourtism, misuse, and cronyism. Moving on, ADPB4
i.e., ‘Conflicts with neighboring countries impede the growth of the maritime
supply chain network’ obtained the second rank among 9 sub-categories of
ADPBs with a preference weight of 0.1237. Also, ADPB4 acquired a preference
weight of 0.0181 among 46 sub-categories of the barriers and this places it at 29"
position among them. Alfaqiri et al (2019) follow a systematic procedure for

assessing the risks in supply chains. This study considers the piracy issue in
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Africa which is a significant problem hindering the smooth running of the supply
chains. Further, ADPB3 i.e., ‘No relevant government policies to cover each
activity in the maritime supply chain’ achieved the third rank among nine
administrative and political barriers with a preference weight of 0.1143, and
similarly, bagged 34" rank among 46 sub-categories of the barriers with a
preference weight of 0.0167. Likewise, ADPBS5 which is ‘Abuse of bureaucratic
powers’ secured the fourth rank among nine ADPBs with a preference weight of
0.1136. Also, ADPBS5 secured a preference weight of 0.0166 in order to stay at
35" rank among 46 sub-categories of ADPBs. Going further, ADPB9 i.e., ‘Lack
of passion to develop the maritime supply chains among actors, governments and
bureaucrats’ gained the fifth rank with a preference weight of 0.1085 within nine
sub-categories of administrative and political barriers, and similarly, ADPB9
scored 38" rank with a preference weight of 0.0159 among 46 sub-categories of
the barriers. The significance of the top five sub-categories of ADPBs was also

explained by one of the domain experts in the Delphi survey panel;

The analysis performed on ADPBs is beneficial for decision-makers and
strategists. At least the top five ranked sub-categories of administrative and
political barriers should be considered the most critical and must be treated on a
priority basis. For instance, ADPB4 i.e., ‘Conflicts with neighboring countries
impede the growth of the maritime supply chain network’ is so critical for India
because of bad relations between India and Pakistan. The situation is so critical
that the Indian ports located close to Pakistan are always on high-security alert.
Likewise, there are many other administrative and political issues which are
prioritized and discussed in detail.

Thereafter, ADPB6 which is ‘Lack of administrative and political knowledge’,
ADPB2 which is ‘Disagreement between central and state government on the
maritime supply chain projects’, ADPB7 which is ‘Unstable government state or
central government’ and ADPB1 which is ‘Terrorism’ have been ranked sixth,
seventh, eighth and ninth with a preference weight of 0.1068, 0.1034, 0.1005 and
0.0933, respectively. Also, ADPB6, ADPB2, ADPB7, and ADPB1 have been
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ranked 40", 43 44™ and 45" among 46 sub-categories of the barriers. The
sequence in which administrative and political barriers are ranked is;
ADPB8>ADPB4>ADPB3>ADPB5>ADPB9>ADPB6>ADPB2>ADPB7>ADPB
1, where ADPBS8 is the most critical and ADPBL1 is the least.

5.5.2f Organizational Barriers (OGBs)

Organizational Barriers (or OGBs) secured the least rank i.e., sixth rank among
the categories of barriers with a preference weight of 0.1230. Among
organizational barriers, OGB2 i.e., “Lack of qualified managerial personnel”
gained the first rank among ADPBs with a preference weight of 0.1919 and
secured 18" rank among 46 sub-categories with a preference weight of 0.0236.
Research done by Lu et al. (2018) confirmed that even developed countries have a
dearth of trained and skilled professionals in the maritime sector. Similarly, Baz
and Laguir (2017) confirmed the lack of a qualified workforce in the maritime
and logistics sector. Also, Lin and Chang (2018) and Vural et al. (2019)
mentioned the scarcity of qualified manpower among logistics service providers.
Additionally, Ellinger et al. (2020) wrote about the deficiency of a skilled
workforce in maritime logistics networks. Not only in India but in almost whole
of South Asia (developing countries), the problem of shortage of skilled
workforce is quite prevalent. This directly impacts the productivity, efficiency,
and profitability of the various sectors. The significance of the top organizational

barrier was also explained by one of the domain experts by saying that;

There is a critical requirement for skilled manpower in India. The censorious and
instant need for expertise evolution is observed to be in the road freight and
warehousing parts of the supply chains. The migration of skilled professionals to
high-paying countries for better remuneration is yet another reason why there is a
serious scarcity of skilled manpower in India. Therefore, it is necessary to give

emphasis on ‘Lack of qualified managerial personnel’.

Further, OGB1 or “Lack of safety measures followed in the maritime supply

chains” obtained the second rank with a preference weight of 0.1567 within the
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sub-categories of organizational barriers. Also, OGB1 secured 25" rank among 46
sub-categories of the barriers with a preference weight of 0.0193. Lack of safety in
the maritime and logistics sector is an unidentified issue in India. The workforce at
ports often does not follow the safety measures established and enforced by the
authorized authorities. Moreover, OGB7 which is “Lack of formal organizational
structure” attained a preference weight of 0.1551 among seven sub-categories of
organizational barriers and scored 26" rank among total 46 sub-categories with a
preference weight of 0.0191. Going further, OGBS 1i.e., “Unavailability of labor due
to migration (as a result of pandemics, low wages/salaries, poor facilities, etc.)”
secured the fourth rank with a preference weight of 0.1475 among OGBs and
obtained 28" rank with a preference weight of 0.0181. Likewise, OGB3 which is
“Labor strikes and unskilled labor” acquired a preference weight of 0.1347 among
seven OGBs to stand at fifth rank. Additionally, OGB3 gained the 36" rank among
a total of 46 sub-categories with a preference weight of 0.0166. Furthermore,
OGB4 i.e., “Lack of managerial and operational integration in the maritime supply
chains” stood at sixth rank with a preference weight of 0.1269 among seven
organizational barriers. Also, OGB4 scored 41% rank with a preference weight of
0.0156 among a total of 46 sub-categories of barriers. Moving on, OGB6 i.e., “Lack
of dialogue among actors in the maritime supply chains” achieved the least rank
i.e., seventh with a preference weight of 0.0873 among seven OGBs. Likewise,
OGB6 got the least rank among 46 sub-categories of barriers, which makes it the
least critical in nature. The sequence in which organizational barriers are ranked is;
0OGB2>0GB1>0GB7>0GB5>0GB3>0GB4>0GB6 (refer Table 5.10), wherein,
OGB2 which is ‘Unqualified managerial personnel’ is the most critical and OGB6

which is ‘Lack of dialogue among actors in the maritime supply chains’ is the least.

5.6 Sensitivity Analysis

To confirm the resilience of the propounded framework and appraise the ranking
arrangement, sensitivity analysis was executed as demonstrated by Garg (2020)

and Garg and Kashav (2019). The end results acquired in table 5.10 recommend
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that out of all the inhibitors, the IFBs secured the first rank and earned the highest
weightage value (0.2224), consequently, IFBs may impact the ranking of other
categories as well (Vishwakarma et. al., 2019; Mahtani and Garg, 2018). To
calculate the impact on barriers’ ranking; a gradational change in value from 0.1

to 0.9, to the IFBs, was assessed as illustrated in Table 5.11.

The yielded results illustrate that the utmost fluctuation was in the organizational
barrier (table 5.11). Additionally, because of the difference in the infrastructural
barrier (IFB) weights, the specific category weights and their final ranking vary.
In the sensitivity analysis, when the value of IFB is 0.1, the first rank is secured
by ECB2; while, IFB1 captured the last rank. LGB2 stood at the first position in
the next experiment and the least rank is acquired by OGB6 when the
infrastructural barrier (IFB) value is 0.2 (refer table 5.12 and figure 5.3). Post this,
IFB11 stood at the first spot in the leftover investigations and the least rank is
possessed by OGB6. Consequently, it culminates that the infrastructural barrier
(IFB) is censorious in the maritime supply chain development in India, and thus
needs extensive recognition of policymakers. This examination also propounds
that to advance the maritime supply chain, managers of these corporations require
to stress the infrastructural barrier and communicate the associated problems

successfully on the basis of priority.

Table 5.11 Barriers’ category values with increasing infrastructural barrier

ECBs 0.1833 0.1633 0.1588 0.1433 0.1233 0.1033 0.0833 0.0633 0.0433 0.0213

IFBs 0.1 0.2 0.2224 0.3 0.4 0.5 0.6 0.7 0.8 0.9

LGBs 0.1998 0.1798 0.1753 0.1598 0.1398 0.1198 0.0998 0.0798 0.0598 0.0298

TEBs 0.1662 0.1462 0.1417 0.1262 0.1062 0.0862 0.0662 0.0462 0.0262 0.0069

ADPBs  0.2105 0.1905 0.1860 0.1705 0.1505 0.1305 0.1105 0.0905 0.0705 0.0429

OGBs 0.1402 0.1202 0.1157 0.1002 0.0802 0.0602 0.0402 0.0202 0.0002 0.0001

Total 1 1 1 1 1 1 1 1 1 1

Source: Author’s composition
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Table 5.12 Barriers ranking when infrastructural barrier varies

ECB1 14 15 15 25 26 27 27 27 27 28
ECB2 1 2 2 3 13 13 13 13 15 21
ECB3 7 7 7 16 21 21 23 24 25 25
ECB4 11 12 13 21 23 24 25 26 26 27
ECB5 22 23 27 31 29 29 29 30 30 30
ECB6 15 17 17 28 28 28 28 28 28 29
IFB1 46 42 34 23 12 11 11 11 11 11
IFB2 45 39 33 22 11 10 10 10 10 10

IFB3 40 29 23 11 5 5 5 5 5 5
IFB4 42 31 26 13 7 7 7 7 7 7
IFBS 38 22 20 7 3 3 3 3 3 3
IFB6 43 32 28 15 8 8 8 8 8 8
IFB7 44 35 30 18 9 9 9 9 9 9
IFB8 39 25 21 8 4 4 4 4 4 4
IFB9 37 20 19 4 2 2 2 2 2 2
IFB10 41 30 25 12 6 6 6 6 6 6
IFB11 36 14 9 1 1 1 1 1 1 1
TEB1 6 6 6 10 17 17 17 19 20 22
TEB2 3 3 3 5 14 14 14 14 13 17
TEB3 5 5 5 9 16 16 16 16 16 20
TEB4 12 11 12 20 22 22 21 22 22 23
TEB5 4 4 4 6 15 15 15 15 14 18
TEB6 17 18 18 27 27 26 26 25 24 24
ADPB1 34 45 45 45 45 44 42 39 39 39
ADPB2 32 43 43 42 41 40 38 37 37 37
ADPB3 26 33 36 37 36 34 33 33 33 33
ADPB4 24 27 32 33 32 33 32 32 32 32
ADPB5 27 34 38 38 37 35 34 34 34 34
ADPB6 31 40 41 41 40 39 37 36 36 36
ADPB7 33 44 44 44 43 42 39 38 38 38
ADPB8 19 21 24 30 30 30 31 31 31 31
ADPB9 30 38 40 39 39 37 36 35 35 35
LGB1 10 10 11 19 20 20 20 20 19 15
LGB2 2 1 1 2 10 12 12 12 12 12
LGB3 13 13 14 24 24 23 22 21 21 16
LGB4 16 16 16 26 25 25 24 23 23 19
LGB5 8 8 8 14 18 18 18 17 17 13
LGB6 9 9 10 17 19 19 19 18 18 14
LGB7 28 36 37 36 33 31 30 29 29 26
0GBl 20 24 29 32 34 36 40 41 41 41
0GB2 18 19 22 29 31 32 35 40 40 40
OGB3 25 37 39 40 42 43 44 44 44 44
OGB4 29 41 42 43 44 45 45 45 45 45
OGBS 23 28 35 35 38 41 43 43 43 43
0OGB6 35 46 46 46 46 46 46 46 46 46
OGB7 21 26 31 34 35 38 41 42 42 42

Source: Author’s composition
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Figure 5.3 Sensitivity analysis results

1890
9890
5890
| ¥890
€890
2990
1890
1891
9897
5897
891
€897
2891
1997
68daV
sgdav
J=Elel
' 98dav
sadav
v8dav
eadav
' zadav
194av
| 9gaL
JECET
REEN
e|3lL
za3L
T3l
135:E]
otedl
6adl
sl
JE=E]
JEEET
sedl
REE]
eadl
zadl
Tl
9803
803
 v803
€803
2803
1903

50 -

45 -

40 -

35 A

30

=0=0.9

0.8

=e=0.3 =ie=0.4 =0-=0.5 e 0.6

=== Normalized (0.2224)

=—=0.1 =i=0.2

Source: Author’s composition

151



5.7 Chapter Summary

This chapter argued the methodology and evaluated the data obtained on categories
and sub-categories of barriers in the maritime supply chains of containerized
freight. To calculate that ranking of the barriers, the Fuzzy AHP technique was
employed. The results accomplished at each stage were illustrated clearly and in a
detailed manner. The preference weights and ranks gained by each category and
sub-category of the barrier were based on the level of criticality each category and
sub-category possess. The next chapter is based on an evaluation of the strategies to

overcome the barriers using the Fuzzy TOPSIS method.

152



Chapter 6

Assessment of strategies to overcome barriers in the maritime
supply chains

Overview

The previous chapter i.e., chapter — 5 was based on the identification and
evaluation of barriers. However, just scrutinizing the barriers is not enough.
Therefore, this chapter aims to cover the identification, finalization, and
prioritization of the strategies in order to overcome/subjugate the influence of
barriers present in the maritime supply chains of containerized freight. As like
barriers, a set of 25 strategies are discerned using primary and secondary data.
Thereafter, the Fuzzy TOPSIS method is espoused and the steps are elucidated to

exhibit how it calculates the final ranking of the strategies.

6.1 Introduction

The maritime supply chain is comparatively a new subject for developing
countries like India, which deals with the integration perspective of various
activities happening at ports and inland logistics networks. The primary motive of
the maritime supply chains is to decrease time and cost in the transportation of
containerized freight, and that is why it is highly necessary for developing nations
like India to ensure the sound condition of the maritime supply chain facilities.
However, the situation of the maritime supply chains in India is not up to the
global standards and they are impeded due to the presence of severe barriers.
Additionally, there is a lack of literature on the maritime supply chains, and that is
why current research holds great importance. In the previous chapter, a brief
analysis on barriers in the maritime supply chains is carried out, however, only

assessment of the barriers is not enough and the need is to discern and rank
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strategies to overcome/subjugate the impact of barriers. For that reason, the

current chapter is based on objective two and three which are mentioned below;

Objective 2: To identify the strategies to overcome/subjugate barriers in the
maritime supply chains of containerized freight in India.

Objective 3: To develop a framework in order to overcome barriers in the

maritime supply chains of containerized freight.

In order to achieve the above objectives, an integrated framework for
identification and prioritization of strategies to overcome/subjugate barriers in the
maritime supply chains of containerized freight is developed. To identify
strategies, a wide range of relevant domain experts are chosen and relevant
feedback is taken. All the identified 25 strategies are ranked on the basis of how
critical and important they are in order to overcome the impacts of barriers.

Ranking of the strategies is done using Fuzzy TOPSIS or Fuzzy Technique for
Order of Preference by Similarity to Ideal Solution method. Similar to the Fuzzy
AHP, this technique also falls under the multi-criteria decision making (MCDM)
method, which helps in calculating the preference weights and then ranks of the
strategies to overcome the influence of barriers. This way current study propounds
an integrated Fuzzy AHP-TOPSIS framework.
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6.2 Proposed framework

Figure 6.1 Proposed overall framework for this research thesis
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6.3 Identification of strategies to overcome barriers in the
maritime supply chains of containerized freight

Table 6.1 This table illustrates a set of 25 strategies discerned to overcome
the impact of barriers in the maritime supply chains of containerized freight.

S1 Greening the maritime supply chain operations

S2 Transparency and competitive freight rates and other logistics costs

S3 Effective measures on controlling corruption

s4 Stable and ambitious governments, better relations with trading countries and to explore trade
opportunities

S5 Effective business strategies to develop Inland Waterways (IWs)

6 Better management and transparency in organizational structure throughout the maritime
supply chains

S7 Relaxation in taxes and duties

S8 Transparent and effective project planning, execution and resource allocation

S9 Speedy single window custom clearance to reduce turnaround time

S10 To develop better intra as well as inter-port logistics infrastructure

Relaxation and effectiveness in policy and regulatory framework to attract foreign direct

S11 .
investments
Identification and development of key ICDs/CFSs infrastructure and other freight
S12 - :
depots/centers in the cargo hinterlands
S13 Skill development programs and trainings to produce quality manpower
s14 Rebates and incentives to promote exports, especially in trade prospective regions in the
country
s15 Modern cranes and equipments like AGVs, Automated gate systems, RFID, GPS, Ship profile

scanning system etc.
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S16 Rapid approval of documents and other formalities

S17 Competitive port charges

S18 Better safety and security measures at ports

S19 Better integration within maritime supply chain network

520 Modern rail technology to increase productivity and efficiency of the entire maritime supply

chains

S21 Implementation of key digital technologies throughout the maritime supply chains

522 Dedicated Frei.ght CorridO(s (DFCs) for containerized freight trains to the East and West coast
ports from various cargo hinterlands

S23 Financial support to the stakeholders in the maritime supply chains

S24 Identification and development of dedicated feeder and hub ports infrastructure

S25 To invest more in buying modern fleet

Source: Combined results of the studies of Garg and Kashav (2019), Jasmi and Fernando (2018),
Adland et al. (2018), Yin et al. (2019), Hansen (2018), Choi (2018), Sehgal et al. (2018),
Vanelslander and voorde (2018), Chen et al. (2018); Ahadi et al. (2018), Trivedi et al. (2021),
Wan et al. (2019), Neutzling et al. (2018), Milios et al. (2019), Sherafati et al. (2020), Monch et al.
(2018), Ivanov et al. (2017), Schepler et al. (2017), Vaghi and Lucietti (2016), Garcia-Alonso et
al. (2019); Jaffee (2019), Parola et al. (2017), Ibrahim et al. (2019); Karlis and Polemis (2018),
Cruz and Sarmento (2019), Raimbault (2019), Witte et al. (2017), Chen et al. (2018), Chhetri et
al. (2020), Mijiyawa (2017), Rong et al. (2017), Giudice et al. (2021), Heilig et al. (2017), Vaio
and Varriale (2020), Jeevan et al. (2019), Berg et al. (2017); Ding et al. (2019), Vukic¢ et al.
(2018), John et al. (2018), Bazaras and Palsaitis (2018), Palmieri et al. (2019); Lam and Bai
(2016), Yuen and Thai (2017), Naweed et al. (2018), Balog et al. (2019), Buylkdzkan and Goger
(2018), Hartley and Sawaya (2019), Upadhyay and Bolia (2014), Shankar et al. (2019), Lee
(2008), Koilo and Grytten (2019), Kavirathna et al. (2018), Wang and Yeo (2019), Shintani et al.
(2019) and Martinez-Lopez et al. (2018).
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Figure 6.2 Decision sequence for prioritizing strategies to subjugate barriers
in the maritime supply chains of containerized freight.

\ Phase 1

Phase 2

Phase 3
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Insufficient area at seaports

Lack of infrastructural integration (in context to the maritime supply
chains) with neighboring countries and regions

Lack of availability and quality of road infrastructure for freight
transportation

Lack of availability and quality of inland waterways infrastructure

Lack of availability and quality of rail infrastructure for freight

Infrastructural
Barriers (IFBs)

Poor quality infrastructure of warehouses and cargo storage yards’ in the
hinterland

Lack of availability and quality of the maritime supply chain infrastructure
in the North East region of India

N

Greening the maritime supply chain operations

Lack of availability and quality of port-to-port freight transportation
infrastructure

Transparency and competitive freight rates and other logistics
costs

Lack of land-side and water-front infrastructure at ports

Effective measures on controlling corruption

Lack of availability and quality of ICD/CFS infrastructure

Stable and ambitious governments, better relations with
trading countries and to explore trade opportunities

Lack of dedicated transshipment and feeder port infrastructure

Effective business strategies to develop Inland Waterways

Better management and transparency in organizational
structure throughout the maritime supply chains

Obsolete freight rail technology

Relaxation in taxes and duties

Lack of seaport modernization in terms of technology

Transparent and effective project planning, execution and
resource allocation

Technological
Barriers (TEBs)

Slow pace of digitization/Computerization in the maritime supply chains

Speedy single window custom clearance to reduce turnaround
time

Poor technology in the inland waterways network

To develop better intra as well as inter-port logistics
infrastructure

Ranking barriers and
strategies to overcome the
barriers present in the

)

Insufficient and outdated technology in the warehouses, ICDs/CFSs and
other container depots.

Relaxation and effectiveness in policy and regulatory
framework to attract foreign direct investments

Poor technology road trailers lead to slow speed and inefficiency

Identification and development of key ICDs/CFSs infrastructure
and other freight depots/centers in the cargo hinterlands

)

Skill development programs and trainings to produce quality
manpower

Terrorism

Rebates and incentives to promote exports, especially in trade
prospective regions in the country

Disagreement between central and state government on the maritime
supply chain projects

Modern cranes and equipments like AGVs, Automated gate
systems, RFID, GPS, Ship profile scanning system etc,

No relevant government policies to cover each activity in the maritime
supply chain

Rapid approval of documents and other formalities

Administrative
and Political
Barriers
(ADPBs)

Conflicts with neighboring countries impede growth of the maritime
supply chain network

Competitive port charges

Abuse of bureaucratic powers

Better safety and security measures at ports

Lack of administrative and political knowledge

Better integration within maritime supply chain network

Unstable government state or central government

Modern rail technology to increase productivity and efficiency
of the entire maritime supply chains

Corruption

Implementation of key digital technologies throughout the
maritime supply chains

Lack of passion to develop the maritime supply chains among actors,
governments and bureaucrats

Dedicated Freight Corridors (DFCs) for containerized freight
trains to the East and West coast ports from various cargo

Financial support to the stakeholders in the maritime supply
chains

Lack of transparency in the entire legal process

Identification and development of dedicated feeder and hub
ports infrastructure

Unsupportive laws, regulations and government policies for the actors in
the maritime supply chains

To invest more in buying modern fleet

Discrimination and delay in approvals and allocation of projects and
resources

Legal Barriers
(LGBs)

Lengthy legal process in India

Seaport operators charged with fines/penalties for various reasons is
demotivating private investments

»

Corruption and bribery culture right from document approvals to getting
mega port projects

No strict freight transport pollution related laws and regulations, impact
on air and water quality because of the maritime supply chains activities

Lack of safety measures followed in the maritime supply chains

Lack of qualified managerial personnel

Labor strikes and unskilled labor

Organizational
Barriers (OGBs)

—)

Lack of managerial and operational integration in the maritime supply
chains

Unavailability of labor due to migration (as a result of pandemics, low
wages/salaries, poor facilities etc.)

Source: Author’s composition

Lack of dialogue among actors in the maritime supply chains

Lack of formal organizational structure
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6.3.1: Stage 1 - Application of Fuzzy TOPSIS methodology

The process of decision-making becomes complex when it involves qualitative
and quantitative variables. In such situations, the MCDM approach can be utilized
to handle multiple attributes and conflicting decision system structures (Luthra et
al., 2018). There are numerous MCDM tools are available among them the Fuzzy
TOPSIS approach based on the distance priority method which assists in the
prioritization of robust selective attributes and optimizes from multiple responses.
The final ranking is obtained based on the closeness coefficient values of an
individual attribute. The steps of the Fuzzy TOPSIS technique is elaborated

below:

Level 1: Score is allocated to each criterion to obtain a matrix for strategies as per

scale is given in table 4.

Table 6.2 Score for linguistics variable

Very Poor (1,2,3)
Poor (2,3,4)
Average (3,4,5)
High (4,5, 6)
Very High (5,6,7)
Excellent (6,7,8)

Source: Author’s composition
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Level 2: Calculation of cumulative Fuzzy values for the alternatives

If the fuzzy value of the Nth expert is Foon = (Iapn» Pasy» Uapy ) Overhere a =1,2.3,.......m,
b=1,2,3........ n then the aggregated Fuzzy score F,, of the strategies w.r. to specific barrier is
denoted by F,p, (lap» Pap Uap ), Where
a = min{lyy }, b - 5 ZN=1Pan : ¢ = max{ugn }
(3.5)
Level 3: Determine normalized values

Normalized values are determined by G where:

G = [pij]mn Wherei=123,....... m andj=12,3,....... n

- aj by ¢y « . . .

X; = |=,=,=) and ¢ = max ¢; (benefit criteria)
SIS

(3.6)

% = (2,2, %) and a7 = min a, (Cost criter

X = o by and a; = min ay; (Cost criteria)

(3.7

Level 4: Determine the Standardized weight score by applying the Eq.
Y= [p]mn  where 5 = %; Q@ w;
(3.8)
Level 5: Obtain fuzzy ideal solution for positive and negative values as follows respectively:

Z* ={pf,......,pi}, where p}\ = {max(pl-j) ifje];min(pij)ifje]'}, j=1.... n
(3.9
Z~ ={pi, -, Py}, Where p; = {min (pij) if jeJ; max(pij) ifje]'},j =1.... n
(3.10)
Level 6: Calculate Fuzzy positive values and negative values for a solution using given Eqns
below-
n 2
Y= Z(pi]-—p;})z , i=1l.u....m
j=1
n Y,
Y = Z(pij —Pi;)z ,
j=1
=1ueen..m (3.11)

T erur
(3.12)
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6.3.2: Stage 2 - Prioritization of the strategies

The construction of the Fuzzy score matrix of the policy as per the assessment
scale is highlighted in Table 6.2. Here, the weighted Fuzzy score matrix of one
member of the decision team is given due to space restriction (refer to Table 6.3).
Hereafter, a comprehensive weighted Fuzzy score matrix is obtained as
highlighted in Table 6.4. Then goal optimization approach is used to determine
the usual aggregate Fuzzy matrix by using equations 3.6 and 3.7. After that, a
comprehensive weighted normalized Fuzzy score matrix is obtained by-product of
the barriers group weights calculated through FAHP as given in table 6.5 with a
normalized aggregate Fuzzy matrix which is presented in table 6.6. This work
utilized Fuzzy positive vector Ef = (0,0,0) and fuzzy negative vector Ef =
(1,1,1) to calculate the ideal solution. Then the distance of each strategy has
been calculated by using equation 3.11 and the closeness coefficient is obtained
using Equation 3.12. Hereafter, descending arrangement of CC; values provide a
final ranking of strategies (see Table 6.8). Steps have been followed as discussed
in the research methodology section.

Table 6.3 Score matrix for the strategies (Specialist 1)

S1 H M H . . M M M
S2 M H H . . VH M L
S3 H VH VH . . M H M
S13 VH H M . . L M M
S24 M M H . . M M H
S25 VH H M . . L M M

Source: Author’s composition
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Table 6.4 Fuzzy score matrix for the strategies (Specialist 1)

st (456  (3,45) (456 .. .. (3,45) (3,45) (3,4,5)
2 (34,5 (4,5,6) 4,56) .. .. (567  (3,45) (234
S3  (4,5,6) (5.6,7) G.6,7) .. .. (3,45) (456)  (3,4,5)
s23  (56,7) (4,5,6) 345 .. .. (234 (3. 4,5) (3.4,5)
S24  (3,4,5) (3.4,5) (4,5,6) ... ... (345 (3. 4,5) (4,5,6)
$25  (56,7) (4,5,6) 3,45 .. .. (234 (3. 4,5) (3.4,5)

Source: Author’s composition

Table 6.5 Comprehensive Fuzzy score matrix for strategies

S1 (3,56,7) (241,6) (4618 .. (2,4,6) (2,46,6) (2,35,5)
S2  (2,55,7) (4567 (3,456) .. .. (3,41,6) (1,254) (3,53,7)
3 (1,35 (5658 (5628 @ .. .. (2355) (1,35 (5658)
$23 (5628 (3,537 (2355 .. . (1,31,5) (3,41,6) (2,39,5)
S24  (2,45,6) (3,45,6) (3,53, 7) .. ... (3557 (3,536) (4597
S25 (5,66,8) (4587 (1,315 .. .. (4,658) (4547 (1,315

Source: Author’s composition
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Table 6.6 Normalized Fuzzy score matrix for strategies

g (014,017, (017,024, (0.13 01, (0.17,0.25, (0.17,0.22, (0.2, 0.29,
0.33) 0.5) 025) 0.5) 0.5) 0.5)

s, (014,018 (014,018 (017,022, (0.17,0.24, (0.25, 0.4, (0.14,0.19,
0.5) 0.25) 033 0.33) 1) 0.33)

53 (02 033, (013,015 (013,016, (0.2, 029, (0.2, 033, (0.13, 0.15,
1) 0.2) 02) 0.5) 1) 0.2)

53 (013,016, (014,019, (02, 029, (0.2, 032, (0.17,024, (0.2, 0.26,
0.2) 0.33) 05 1) 0.33) 0.5)

54 (017,022, (017,022, (0.14,019, (0.14,0.18, (0.14,0.19, (0.14,0.17,
0.5) 0.33) 033 v 0.33) 0.33) 0.25)

o5 (013,015 (014,017, (02, 032, (0.13,0.15, (0.14,0.19, (0.2, 0.32,
0.2) 0.25) n 0.25) 0.25) 1)

Source: Author’s composition

Table 6.7 Weighted normalized Fuzzy score matrix for strategies

(0.022, (0.036, (0.022, (0.024, (0.036, (0.012,

si 0027, 0.052, 0028, ... 0.036, 0.058, 0.015,
0.05) 0.107) 0.043) 0.049) 0.145) 0.028)
(0.022, (0.031, (0.029, (0.029, (0.029, (0.012,

2 0027, 0.038, 0038, ... 0.042, 0.048, 0.015,
0.075) 0.054) 0.058) 0.073) 0.145) 0.021)
(0.027, (0.022, (0.022, (0.036, (0.012,

s3 (0'831'501')05’ 0.033, 0028, .. 0.037, 0.069, 0.02,
: 0.047) 0.035) 0.073) 0.145) 0.028)
(0.019, (0.031, (0.035, (0.024, (0.036, (0.017,

$23 0.024, 0.04, 0049 ... 0.042, 0.058, 0.024,
0.030) 0.071) 0.086) 0.073) 0.145) 0.041)
(0.025, (0.036, (0.025, (0.018, (0.024, (0.012,

S24 0033, 0.048, 0033 ... 0.023, 0.032, 0.016,
0.075) 0.071) 0.058) 0.029) 0.048) 0.028)
(0.019, (0.031, (0.035, (0.018, (0.029, (0.017,

$25 0,023, 0.037, 0056, .. 0.024, 0.048, 0.027,
0.030) 0.054) 0.176) 0.037) 0.145) 0.083)

Source: Author’s composition
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Table 6.8 Ranking list of the strategies

Sl Greening the maritime supply chain operations 1.7832 44.3822 0.9614 16
Transparency and competitive freight rates and other

S2 - 1.7760 44.3919 0.9615 15
logistics costs
S3 Effective measures on controlling corruption 1.9206 44.3001 0.9584 22
Stable and ambitious governments, better relations
S4 with trading countries and to explore trade 1.8594 443131 0.9597 19
opportunities
S5 To develop Inland Waterway (IW) network 1.6473 44.4890 0.9643 5

Better management and transparency in

S6 organizational structure throughout the maritime 1.8565 44,3377 0.9598 18
supply chains

S7 Relaxation in taxes and duties 1.8710 44.3248 0.9595 20

Transparent and effective project planning,

S8 - - 1.7064 44.4495 0.9630 11
execution and resource allocation
59 Speedy single window custorr_l clearance to reduce 1.7253 44,4231 0.9626 13
turnaround time

10 To develop better |r_1tra as well as inter-port logistics 1.6737 44,4855 0.9637 8

infrastructure
Relaxation and effectiveness in policy and

S11 regulatory framework to attract foreign direct 1.8561 44.3557 0.9598 17

investments

Identification and development of key ICDs/CFSs
S12  infrastructure and other freight depots/centers in the ~ 1.9006 44.3091 0.9589 21
cargo hinterlands
Skill development programs and trainings to
produce quality manpower
Rebates and incentives to promote exports,
especially in trade prospective regions in the country
Modern cranes and equipments like AGVs,
S15  Automated gate systems, RFID, GPS, Ship profile 1.5158 44.6109 0.9671 3
scanning system etc.
S16  Rapid approval of documents and other formalities 1.7174 44.4327 0.9628 12

S13 1.7003 44.4626 0.9632 10

S14 1.6830 44.4704 0.9635 9

S17 Competitive port charges 1.4991 44.6205 0.9675 2
S18 Better safety and security measures at ports 2.0000 44.2339 0.9567 25
s19 Better integration wn:]]lerlvtvrl)e;linarltlme supply chain 19571 44,2362 0.9576 23

Modern rail technology to increase productivity and

S20 . . o : 1.6661 44.4830 0.9639 7
efficiency of the entire maritime supply chains
$21 Implementation of ke_y_dlgltal technolggles 1.6499 44.4903 0.9642 6
throughout the maritime supply chains
S22 Dedicated Freight Corridors (DFCs) 1.6095 445255 0.9651 4
$23 Financial support to the stakeh_olders in the maritime 1.7651 44,3909 0.9618 14
supply chains
$24 Identification and develop_ment of dedicated feeder 14274 44,6733 0.9690 1
and hub ports infrastructure
S25 To invest more in buying modern fleet 1.9946 44.2406 0.9569 24

Source: Author’s composition
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6.4 Ranking of the strategies

To overcome or neutralize the impact of barriers, 25 strategies have been
propounded; but it is strenuous to decide which solution strategy is more
impactful and predominant. For that reason, prioritization of strategies with the
help of this amalgamated framework made it systematized and structured for
decision-makers and strategists. Strategies are ranked to eliminate barriers, which
is done by perceiving the highest level of nearness coefficient value which
indicates strategy S24 i.e., ‘Identification and development of dedicated feeder
and hub ports infrastructure’ scored the first rank and strategy S18 which is
‘Better safety and security measures at ports’ received the least i.e., 25" rank.
Wang et al. (2020), Kashiha et al. (2016), Santini et al. (2018), and Wiradanti et
al. (2020) argued about the development of dedicated feeder and hub ports
infrastructure as a foremost strategy to boost the maritime supply chain sector.
Ranking of all the 25 strategies IS
S24>S17>S15>S22>S5>S21>520>S10>S14>S13>S8>S516>59>S23>S2>S1>S11
>S6>S4>S57>S12>S3>S19>S25>S18, where, S24 possesses rank one and S18
secured the least rank and other strategies have gained ranks in descending order
(refer table 6.8).

6.4.1 ldentification and development of dedicated feeder and hub ports
infrastructure (S24)

Transshipment traffic is a certain amount of freight that is transported between a
transshipment port in India and a hub port located in a different country. Many of
the ports in India, especially on the eastern coast, do not have the required draft
and other infrastructure capabilities to handle the latest-generation ships, and
therefore, these ports mostly compete with each other for the same amount of
cargo, that means they are not trying to get India bound cargo back from ports in
other countries but rather fighting for the same share of cargo which is handled by
them. On the back of immense growth in container volumes in the last two

decades, there seems to be a colossal opportunity to build the transshipment hub
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and feeder port infrastructure in India, perhaps one each on the East and West
coast. The key requirements of feeder and transshipment hubs are to minimize
transport costs using a ‘hub and spoke' system, less requirement for dredging, and
the infrastructure to accommodate bigger size vessels. Therefore, the need is to
look for feeder and hub ports on both coasts with deeper drafts. The foremost
benefits of establishing a hub port would be a significant decrease in feeder time,
the revenue from the transshipment operations and freight traffic from/to the hub
port moving faster and at cheaper rates.

A study performed by Kavirathna et al. (2018) and Wang and Yeo (2019) suggest
that how Port of Colombo has battled with some of the prominent ports in the
South Asia region such as Port of Singapore Authority, Port Klang, and Port of
Tanjung Pelepas in the race to become leading transshipment hub port. Despite
geographically being in a significant position, no India port has ever been able to
gain the status of transshipment port. Jawaharlal Nehru Port (or JNPT) is the
largest container port in the country which is ranked 28" globally (Colombo, the
biggest competitor at 22nd rank globally). Colombo accounts major chunk of
India’s transshipment volume which is 48%, whereas Singapore handles 22% and
Malaysia’s Port Klang 10% of India’s international cargo. India’s long coastline is
full of ports (consists of 13 major and around 200 non-major ports) but the role of
these ports is not defined. As mentioned earlier, about 75% of transshipment
cargo at Colombo is India bound. This means around 3.5 million TEUs of India’s
containerized cargo is handled by the Colombo port. The additional cost is $80-
100, or %5,000-6,500, per TEU, which wouldn’t have been incurred if the
containers could imported/export directly from Indian ports. An estimated $400
million of the extra cost paid by shippers in 2019-20. Mentioned loss is a result
of a lack of dedicated feeder and hub port infrastructure. For that reason, S24 i.e.,
“Identification and development of dedicated feeder and hub ports infrastructure”
has gained the first rank in the analysis which indicates that it is highly necessary

to develop dedicated feeder and hub ports in order to save millions of dollars extra
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costs and save the interest of Indian ports and shippers and other actors and

stakeholders across the maritime supply chain.

6.4.2 Competitive port charges (S17)

The central government and other relevant bodies in India are working hard to
convert some of their strategically located ports into regional, feeder, and
transshipment hubs, but this goal is impeded by one major deterrent in this way
I.e., port charges for mainline calls. The country’s foremost industry association,
the Associated Chambers of Commerce and Industry of India (ASSOCHAM), in a
paper filed in June 2019 with the Ministry of Ports, Shipping and Waterways,
mentioned how so inflated port tariffs make Indian ports uncompetitive compared
to rivals in the competition to lure more big-size port calls. This study, apparently
based on the input procured from industry, revealed that rival transshipment hubs
such as Colombo, Jebel Ali, Singapore, and Port Klang offer considerably lower
marine charges than those at Jawaharlal Nehru Port Trust (JNPT), Mundra, and
Pipavav — which are the three busiest west coast gateways. Marine charges consist
of port dues, berth hire, and pilotage fees. When it comes to cargo-related
charges, Indian ports are also costlier compared with their rivals. The cargo-
related charges typically cover stevedoring, wharfage, and demurrage. The study
submitted by ASSOCHAM demonstrates cost differences are much inflated for
newer terminals at ports like JNPT and Mundra. For instance, a port call with
2,500 container moves, at Nhava Sheva terminal (NSIGT) and PSA
International’s Bharat Mumbai Container Terminals (BMCT) the unit cost per
container move to $128 on average. Whereas, Port of Colombo costs around $76
per container move, which is very competitive against Indian ports. Similarly,
Jebel Ali, Port Klang, and Singapore are substantially competitive against Indian

ports, costing carriers $72, $49, and $82, respectively, per container move,

As Baert and Reynaerts (2020) say, port charges are one of the key factors that
influence the decision-making of the users when it comes to the selection of the

ports. Ports with competitive charges will be able to lure more and more shipping
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lines and shippers. Just because port charges at Colombo are lower than some of
the well-performing Indian ports, shippers choose Colombo port over Indian
ports. This directly impacts the reputation and productivity of the Indian ports. If
the port charges in India will be competitive compared with other ports in the
region, then the sector will be available to attract more and more foreign
investments and this will help in raising revenues through the maritime supply
chain sector. Port charges (whether related to vessel or cargo) at major ports are
set by TAMP (Tariff Authority for Major Ports) in India which are non-
negotiable, however, port charges at non-major ports (private ports) are negotiable
some clients even get up to 20% discount on tariff if the volumes are huge. This is
one of the major reasons for shifting cargo volumes from major ports to private
ports. In this analysis, the S17 i.e., competitive port charges category of strategy

gained the second rank.

6.4.3 Modern cranes and equipments like AGVs, Automated gate systems,
RFID, GPS, Ship profile scanning system, etc. (S15)

Sluggish adoption of the latest technological changes is a noticeable and
conspicuous bottleneck. Understanding among industry actors and stakeholders
about the economic benefits of using the latest technology is low, and therefore,
collaborations to import modern-day technologies are very rare. Which is why,
the maritime supply chain network is hassled with operational inefficiencies,
unproductive system and poor utilization of the available assets. Lack of required
latest technologies and inadequate technical expertise are two add-on constraints.
Over the years, technological infrastructure in the maritime supply chain sector
has remained inefficient and outdated, slow speeds of the network, feeble
performance, and untrustworthy hardware and software, where all the above-
mentioned constraints lead to inflated costs, inefficiencies, and substandard
performance. Technologies like Global Positioning System (GPS) and Radio-
frequency Identification (RFID) systems are being adopted and utilized to give
actors and stakeholders instantaneous intelligence on the geographic status of

their cargo. The adoption of GPS and RFID helped make the logistics ecosystem
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more responsive. The foremost benefits of GPS and RFID for the actors and
stakeholders is to forecast delivery times and improvise asset utilization, it also
allows customers to instantly trace their shipments. Modern technology is
revolutionizing the maritime supply chain sector by installing unmanned
electric/other clean fueled cranes, unmanned vehicles/AGVs (Automated guided
vehicle), and other technological advancements to accelerate loading and
unloading of vessels, transparency, tracking, safety, and security of the cargo in
the entire maritime supply chain. With modern cranes and other equipments, the
turnaround time of the vessels will be minimized, and also productivity and
efficiency will be enhanced in the entire maritime supply chain. Ports in India
must learn from the top-most modern ports in the world which are doing well in
terms of productivity and efficiency, for instance, Port of Shanghai, Port of
Singapore Authority, Port of Shenzhen, Port of Hong Kong, and Port of Busan.
For that reason, the analysis performed using Fuzzy TOPSIS indicates S15 i.e.,
Modern cranes and equipments like AGVs, Automated gate systems, RFID, GPS,
Ship profile scanning system, etc. to be the third most critical strategy that should

be implemented in order to overcome the impact of many barriers.

6.4.4 Dedicated Freight Corridors or DFCs (S22)

The newly built dedicated freight corridor in India has two arms which are; the
1,840 km long Eastern Dedicated Freight Corridor (EDFC) that starts from
Sahnewal (outskirts of Ludhiana) in Punjab state and ends at Dankuni (Hooghly
district) in Bengal. The other arm is about 1,500 km long which is called Western
Dedicated Freight Corridor (WDFC) from Dadri (Gautam Buddha Nagar district)
in Uttar Pradesh state to JNPT in Mumbai. Why DFCs are important because
freight trains currently running on the Indian Railway network and this leads to
congestion on rail tracks. In case of delays, passenger trains are given importance
over freight trains and the tracks are cleared for them, this slows down the
transportation of cargo. The primary aim of the DFCs is to decongest the rail
network and speed up the average transit time of freight trains. Freight trains in

India experience uncertain running times and low average speeds of about 25
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kmph, but on DFCs, they will achieve an average of 50-60 kmph. At present,
about 70% of the freight rakes are running on the regular Indian Railway network
are planned to shift to the new being constructed dedicated freight corridors,
freeing up the rail network for more passenger trains. DFCs bring notable chances
for freight logistics in India. However, the important thing is the growth of
containerized freight traffic in India which largely depends upon industrialization
and trade growth, and also the evolution of economic zones and industrial
corridors. To take advantage of the full capability of the dedicated freight
corridors, the add-on requirement is rolling stock that can take benefit of the risen
axle loading capacity. On the Eastern Dedicated Freight Corridor (EDFC), the
reliance on coal traffic would be worrisome since there could be troublesome
amendments on the sources of energy in the long run. Moreover, the likelihood of
growing containerized freight traffic could be impacted notably since the EDFC
would allow single stacking only. Altogether, the DFCs possess the capability to
act as a game-changing factor for the Indian economy. Therefore, considering all
the facts mentioned above, this study concluded S22 i.e., “Dedicated Freight
Corridors or DFCs” fourth censorious strategy that needs to be considered on an

urgent basis in order to subjugate the impact of multiple barriers.

6.4.5 To develop Inland Waterway (IW) network (S5)

Since ancient times, rivers and canals have served us as effective waterways,
transporting people and moving goods over long hauls. At present times, a lot
many countries e.g., Germany, Austria, Netherlands, France, China, Canada,
Russia, and United States are heavily dependent on inland waterways networks,
especially for containerized cargo as it is a low-cost, more reliable, and green
mode of freight transportation. The National Waterways Act 2016 has declared
111 rivers and other water bodies in India as National Waterways. India is in the
developing stage of this economical and less polluting mode of freight
transportation. Currently, the major share of inland freight is moved through
railways and roadways and this jams the entire railroad network. Congested road

and rail network leads to slower movement of freight, accidents, pilferage of in-
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transit cargo and increases logistics cost. Inland waterway network has no
continuous connectivity. It requires a multimodal network comprising water
bodies and roadways, including culverts, bridges, etc., to be developed. This
involves investment in a large number of activities to be carried out for
infrastructure development. Inland waterways (IWs) have been granted a leading
role in the maritime supply chain sector development in India. According to the
National Waterways Act 2016, a total of 111 rivers or river stretches, creeks, and
estuaries are announced as National Waterways in India. The use of water bodies
for navigation through smaller vessels has been around for thousands of years,
and therefore, inland waterways are playing a significant role. The use of inland
waterways network should be nearer to ports, coastal areas, and places where
there is a scope of it. In the future, the inland waterways are also planned to be
connected to the eastern and western Dedicated Freight Corridors (DFCs). These
future linkages are proposed in a way that containerized freight can be exchanged
from and to the road transport, DFCs, and inland waterways. The future aim of
the inland waterways is to connect industrial hubs and infrastructure projects in
India. A well-organized inland waterways network could bring a foundational
adjustment in the maritime supply chain domain of the country. It portrays a
ready-made infrastructure network, which can be used without injecting any
additional capital expenditure. The inland waterways network in India needs no
greenfield funding, but only capital expenditure for customization and updating.
Inland Waterways have the ability to decongest highways by shifting cargo and
this will also help in decarbonizing the environment — which is of greater
importance for a developing country like India. One forecast benefit of inland
waterways is that it does not confront problems related to the acquisition of land,
which has always been a delicate matter, resulting in time and cost overshoots of
critical projects. The huge investment that a country like India requires to
construct its road network can be supported through improved utilization of the
inland waterways. The regulatory bodies can impose charges for the users to

gather expenses that will incur for the regular maintenance of the inland
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waterways. Because of all the above reasons, the analysis performed in this study
concludes S5 i.e., “To develop Inland Waterway (IW) network” as the fifth

censorious most strategy.

6.4.6 Implementation of key digital technologies throughout the maritime
supply chains (S21)

The key digital technologies are; the Internet of Things (IoT) which means a web
of tangible objects or things that are implanted with software, sensors, and other
latest technologies for linkages and data transactions with other machines and
networks over the Internet. A distributed ledger is yet another technology which
means a database that is collaboratively distributed and harmonized covering
numerous sites, organizations, or geographies, reachable by several individuals.
Then comes, advanced analytics which means organized computational
examination of data. It is employed for the detection, elucidation, and
transmission of relevant sequences in data. Thereafter, machine learning (ML) is a
branch of artificial intelligence (Al) that focuses on developing data learning
applications and enhance their precision without being programmed for that over
a period of time. Machine Learning is a science of making computers learn and
implanting humans like brains in them. Further, 3D printing means a method of
manufacturing three-dimensional solid products from a digital print. 3D printing
allows us to create complicated structures consuming less amount of raw material
than conventional manufacturing procedures. Moving on, 5G mobile internet
which is the 5™ generation of mobile network. 5G internet allows a new type of
system that is delineated for virtual linking of everyone and everything jointly that
includes gadgets, objects, and modern-day machines. Next is cybersecurity which
is the exercise of protecting electronic systems, computers and mobile devices,
confidential data, and servers from malevolent hacks and attacks. Lastly, cloud
computing i.e., on-demand accessibility of resources of a computer system,
mainly storage of data and calculating power, with no straight active involvement
of the user. In maritime supply chains of containerized freight, technology escort

in better pricing and customized solutions, better integration among stages in the

172



maritime supply chain, and additional data-driven products and services. Not only
this, but the foremost benefit of these key technologies for a growing country like
India is that these technologies help immensely in subjugating the impact of
barriers. Implementation of the above-mentioned technologies in the maritime
supply chains helps in overcoming visible and invisible threats associated with
orthodox methods/procedures followed in the transportation of containerized
freight. For instance, advanced analytics and the Internet of Things (1oT) could
deliver end-to-end consignment transparency - the pharmaceutical industry is one
example where temperature-sensitive commodities require continuous tracing. As
a result of the above-discussed reasons, the analysis performed in this study
concludes “Implementation of key digital technologies throughout the maritime
supply chains” or S21 to be the sixth most important strategy for subjugating the

impact of barriers.

6.4.7 Modern rail technology to increase productivity and efficiency of the
entire maritime supply chains (S20)

The success of Indian Railways is a foremost aim for the central government,
ministry of railways, other relevant government bodies, and foreign investors.
Technological modernization in the Indian Railways offers transformation of
currently used decades-old infrastructure to world standards. The reason behind
the fall of productivity and efficiency in freight railways is the lack of
development, especially, lack of modernization of railways. For a vastly
populated country like India, the railway is one of the most economical modes of
transport. Despite being so economical, the freight share of railways reduced
drastically over time. One of the foremost reasons behind this is the lack of
interest in modernizing the rail infrastructure. Indian Railways brought various
policies and strategies to fascinate the foreign investors for modernizing the rail
network. Why focus should be on modernization because technology will uplift
asset reliability, efficiency, and productivity of the rail network. Electrification of
the rail network is yet another factor that helps significantly in increasing

productivity and efficiency. This is also a step to decarbonize the environment
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and cut emissions from the rail transport sector. Not only this, but a modernized
rail network can improvise the safety of the rail network by monitoring the rail
tracks from far locations, discerning defects in the rail tracks, digitizing the track
maintenance and improvements in signaling and telecommunication can help in
minimizing accidents. If the rail network is modernized considering the above-
argued factors then it will definitely help in subjugating the impact of barriers
associated with freight railways. As a result of the above-discussed reasons, the
analysis performed in this study concludes “Modern rail technology to increase
productivity and efficiency of the entire maritime supply chains” or S20 to be the

seventh most important strategy for subjugating the impact of barriers.

6.4.8 To develop better intra as well as inter-port logistics infrastructure (S10)

The intra and inter-port logistics infrastructure is a crucial facilitator for economic
development and coastal community development in India. Despite huge
investments in the last decade, India’s network of roads, rail, and waterways
remained inadequate to handle huge growth in containerized freight traffic. Also,
the way containerized freight traffic is growing every year it will be difficult to
handle it efficiently with available intra as well as inter-port logistics
infrastructure. Also, the available infrastructure is not in good condition. This
inadequacy in logistics infrastructure will put the maritime supply chain growth of
India at risk. A major chunk of logistics infrastructure that the country requires
urgently is yet to be established, and therefore, India has a good opportunity to
develop infrastructure to meet the expanding demand. To accomplish this target,
India must chase an amalgamated and collaborated method that gives equal
importance to the growth of transport modes such as—railways, roads, and inland
waterways—from an angle of inter and intra- port logistics infrastructure. To
balance the transportation of containerized freight, the need is to increase the
railways’ share by shifting freight from roads that are highly congested. To be
very specific, India must increase its utilization of rail networks and recognize the
capability of its inland waterways network. With the development of intra as well

as inter-port logistics infrastructure, the connectivity among ports will enhance
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and there is a high possibility of transshipment as well as coastal shipping to
flourish. In India, the railway is not the first alternative for moving containerized
freight within and between ports as rail haulage charges are so inflated and there
is a dearth of reliable scheduling for freight trains and also last-mile connectivity
is poor. Rail haulage charges are so inflated because of high cross-subsidization
between freight and passenger segment, passenger rates are highly subsidized and
compensated from the freight segment. Likewise, inland waterways face a variety
of issues—higher unit economics due to heftier first and last-mile expanses,
empty backhaul voyages in the majority of the cases, heftier voyage costs for
specialized freight, and vessels, and heftier repositioning cost of domestic
containers among others. Considering all the above discussion, the urgent need is
to develop inter and intra-port logistics infrastructure so that extra costs and high
lead time can be reduced, and also, associated barriers can be subjugated. Because
of all these reasons, the analysis performed in this study concludes “To develop
better intra as well as inter-port logistics infrastructure” or S11 to be the eighth
most important strategy for subjugating the influence of barriers.

6.4.9 Rebates and incentives to promote exports, especially in trade
prospective regions in the country (S14)

In order to increase the competitiveness in the global market, the central
government offers incentives, rebates, and fewer taxes for export-bound cargo.
The rebates and incentives are provided considering a good amount of availability
of a specific commodity. These amounts of rebates and incentives are modified
according to the dearth and plenteousness of commodities. The rebates and
incentives are provided to BCOs as an appreciation for earning foreign exchange,
and to recompense for the infrastructural constraints faced by the BCOs. The
incentives provided, ensure a higher reach of the local product and the growth of
the Indian Export Businesses. It is the central government export incentives often
does so in order to keep domestic products competitive in the global market.
There are rebates and incentives offered by the government to promote exports

such as; subsidies, easy and fast payments, low or no-interest loans, and tax relief
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on profits made from exports. However, not all the actors and stakeholders in the
maritime supply chains are getting benefitted from such rebates and incentives,
and also, the rebates and incentives are not offered on all the commodities.
Rebates and incentives help significantly in boosting exports, and that is why, the
analysis performed in this study concludes “Rebates and incentives to promote
exports, especially in trade prospective regions in the country” or S14 to be the

ninth most important strategy for subjugating the influence of barriers.

6.4.10 Skill development programs and training to produce quality
manpower (S13)

It is indispensable to say that no sector can perform efficiently with a shortage of
skilled and trained manforce. The maritime supply chain industry may install the
most modern machines and equipments but if the manpower handling those
machines and equipments is not skilled then the overall productivity and
efficiency will be impacted. The essence of the situation is that for any sector to
perform up to the mark, there is a need for skilled and trained manpower with the
necessary skill set. The same is the situation in the maritime supply chain sector
where there is a scarcity of skilled and trained workforce. For that reason, it is
vital to train manpower in order to keep them at par with most modern
technological advancements. The central government in India is offering training
and skills related to infrastructure development, port operations, navigational
training, disaster management, etc. specific to the maritime supply chain domain.
scarcity of formal education, insufficient capacity of skill training, negative
perception towards training, and dearth of industry-ready skills even in
professional studies are the foremost reasons for the unskilled labor workforce in
India. A huge number of skilled professionals migrate to developed countries for
better remuneration and facilities. This migration is yet another reason for the
scarcity of skilled and trained manforce in India. Because of all these reasons, the
analysis performed in this study concludes “Skill development programs and
training to produce quality manpower” or S13 to be the 10" most important

strategy for subjugating the influence of barriers.
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Actors in the maritime supply chains of containerized freight should execute at
least these top 10 strategies on a priority basis i.e., in the order of their ranks. This
integrated approach helps decision-makers to analyze and choose a pertinent list
of strategies for obliterating barriers present in the maritime supply chains of
containerized freight. Once these most relevant top 10 strategies are executed, the
actors should move on to adopt the next 10 strategies. This way, a lot of financial
and operational burden will be managed and the impact of barriers will be
subjugated from the entire maritime supply chains.

6.5 Sensitivity Analysis

Sensitivity is exercised to assess the resilience of the propounded framework. It
imparts a greater perception of the reasons for prioritizing the strategies to
overcome maritime supply chain adoption barriers. Moreover, it provides insight
into why the proposed integrated system has ranked specific strategies. Variation
in the final ranking of the strategies is observed by changing the weight of a
specific barrier (Vishwakarma et al.; 2019, Prakash and Barua; 2016c, and
2016d). For this, twenty-five experiments have been run as highlighted in table
21. To perform this maximum weight value barrier is replaced while other
barriers' weight remains constant. In experiment 1, the value of the barrier EB1
(WEB1) = 0.65 and values of the rest of the 46 barriers that are WEB2-WOB7 =
0.025, remains identical. Hereafter, CC; weights are obtained. Similarly, in
experiment 2, the value of the barrier EB2 (WEB2) = 0.65 and the value of the
rest of the 46 barriers that are WEB1, WEB3-WOB7 = 0.025 remains identical
and CC; weight is obtained to receive the priority list. The same approach is
applied to 24 experiments. In the last experiment the value of all barriers are
presumed identical i.e., WEB1-WOB7 = 0.45 then CC; weight is obtained to
receive a priority list as highlighted in table 21. The overview of the sensitivity
runs is highlighted in the figure 6.3. The results of the sensitivity run highlight
that S24 has a maximum weight value in eleven runs out of 25 runs. It suggests

that the applied integrated approach is less sensitive.
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Table 6.9 Sensitivity Runs
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Figure 6.3 Results of sensitivity runs

Source: Author’s composition
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6.6 Chapter summary

This chapter discussed the methodology and conducted the analysis with data
obtained on strategies to overcome barriers in the maritime supply chains of
containerized freight. To calculate that ranking of the strategies, the Fuzzy
TOPSIS technique was employed. The results accomplished at each stage were
demonstrated clearly and in a detailed manner. The preference weights and ranks
gained by each strategy were based on the level of criticality they possess. Also,
the top 10 ranked strategies were discussed in brief in this chapter, and thereafter,
sensitivity analysis was performed to check the robustness of the overall
framework. The next chapter concludes the overall research and provides a path

for future research.

180



Chapter 7

Conclusion and future research

Overview

This chapter discussed a complete summary of the research carried out in this
thesis report. The predominant inferences and results have been discussed in
detail. In detail contributions to the existing literature and practical suggestions
from the findings of this study are exhibited in this chapter. Also, limitations of

this study and the future scope of the researched subject are also argued.

7.1 Introduction

The maritime supply chains (or MSCs) are not only supporting trade but are also
an essential element of socio-economic development and prosperity. However,
the presence of barriers in the maritime supply chains has slowed the overall
socio-economic growth of the country. The occurrence and influence of barriers is
a cause of concern for policymakers, government, investors, actors, and

stakeholders.

However, understanding the nature and status of the maritime supply chains of
containerized freight in India was a challenge in itself because of the lack of
relevant literature, experts, and knowledge. For that reason, chapter four was
based on understanding the maritime supply chains and the actors and

stakeholders active in this domain.

Because India is a developing country and maritime supply chains are also in the
developing stage, there hardly exists any study on the maritime supply chains of
containerized freight in context to India. However, from available literature
(which is very little) and consulting domain experts, it was learned that the
maritime supply chains are crippled with the presence of barriers. And therefore,
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available literature and domain experts helped in the identification of a set of
categories and sub-categories of barriers which were evaluated using the Fuzzy
AHP technique of MCDM. Barriers were prioritized considering the criticality
level of each of them. This was chapter five.

Just identification and prioritization of the barriers is not enough, and therefore in
chapter six, a set of 25 strategies were discerned in order to subjugate the impact
of barriers. Thereafter, these strategies were analyzed using the Fuzzy TOPSIS
method of MCDM.

7.2 Contributions of this research to literature

7.2.1 ldentification and evaluation of barriers in the maritime supply chains
of containerized freight using Fuzzy AHP framework.

e  Through Delphi survey and in-depth analysis of existing literature, this
study has identified the six categories and 46 sub-categories of barriers that

impact the maritime supply chains of containerized freight.

e  With the help of the Theory of Constraints (ToC), this study also defined
how the existence of barriers impedes the smooth flow of containerized
freight in the maritime supply chains.

e  These identified barriers are then analyzed using the Fuzzy AHP method
that allocates preference weight to each of the category and sub-category of

the barriers.

e  On the basis of preference weight, the categories and sub-categories of the
barriers are ranked, which means, the most critical will obtain rank one and

the least will acquire the lowest rank.

e  The top management of the actors and stakeholders of the maritime supply
chains should start with understanding the nature and impact of top-ranked

barriers.
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Once the influence of top-ranked barriers is understood, management should

then study other lower-ranked barriers.

The practical implications of the results of this study are for the top
management of actors and stakeholders, strategists, policymakers, and
decision-makers. The cognizance of the barriers and how they impact the
productivity, efficiency, and profitability of the actors and stakeholders in
the maritime supply chain sector, is argued concisely.

It is necessary and responsibility of the top management to ensure that these
barriers are kept under control so that the situation does not become
precarious. Management needs to be alert on when the internal and external

conditions change and influence these barriers.

7.2.2 ldentify the strategies to subjugate the impact of barriers in the
maritime supply chains and assess them using the Fuzzy TOPSIS technique.

As with barriers, a total of 25 strategies are discerned with the help of the

Delphi survey and through a thorough assessment of available literature.

The strategies are identified in such a way that they tend to subjugate the

impact of all the categories and sub-categories of the barriers.

Thereafter, the strategies are evaluated using the Fuzzy TOPSIS method that
allocates preference weights to each of the strategies and ranks them on the

basis of the criticality level they possess.

Therefore, this study propounds Fuzzy AHP-TOPSIS integrated framework
to rank barriers and evaluate the strategies to subjugate these barriers. The
work done is completely unique, however, Zhang and Lam (2019),
Venkatesh et al. (2017), and Yuen and Thai (2017) have followed a

somewhat similar approach but totally in different contexts.

This integrated framework can be used by analysts, strategists, decision-
makers, policymakers, industrial managers, and other stakeholders to

evaluate the influence of barriers on the maritime supply chains of
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containerized freight. Not just this but the analysis will help the actors and
stakeholders to figure out severe barriers and resolve them in order to make

the entire process smooth.

e  The Fuzzy AHP-TOPSIS integrated framework developed in this study is
unique and has not been performed earlier for the maritime supply chains of

containerized freight in India.

7.2.3 Theoretical implications and contribution of this research

This research offers an innovative and unique analytical and methodological
approach for assessing barriers in the maritime supply chains of containerized
freight and evaluating discerned strategies to overcome the impact/influence of
these barriers. After screening all the existing literature, it was realized that no
study was conducted to analyze barriers in the maritime supply chains of
containerized freight in India. In fact, this study is the first of its type which has
addressed the six categories of barriers which are; Economic, Legal,
Technological, Administrative and Political, Infrastructural, and Organizational.
The selection of key barriers is thoroughly performed by reviewing literature and
confirmed through the maritime supply chain domain experts. It is clearly a more
comprehensive integrated approach compared to the earlier ones where barriers
were evaluated. The propounded categories and sub-categories of the barriers
have predominantly covered prominent managerial and operational aspects such
as; operational and non-operational, financial and non-financial, research and
development, quantitative and non-quantitative, etc. Considering all the
mentioned arguments, the Fuzzy AHP-TOPSIS integrated framework-based
approach is unique and applied for the first time on barriers and strategies in the
maritime supply chains of containerized freight in India. One of the domain
experts in the Delphi panel gave the below statement on the theoretical
implications of this study;
“Amid crippling maritime supply chain sector in India, this study may act as a

boon as it has many implications. For instance, this study is the first of its kind
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just like pilot research which will pave a way for future studies. There is very little
literature available on barriers in the maritime supply chains of containerized
freight, and therefore, this study will establish a base for future research scholars
and industry researchers as well. It is not that the actors and stakeholders like the
government are not aware of the presence of barriers, they are well aware, but
there existed no study (prior to the current study) which systematically integrated

knowledge of domain experts with academic aspect to rank those barriers.”

Furthermore, rather than just focussing on the barriers, this study also discerned
strategies and assessed them so that the actors and stakeholders can get a
complete package. All in all, this research is a serious attempt to break the silence
on barriers in the maritime supply chains of containerized freight, the critical
problem which remained unanswered to date. Moreover, this study is among rare
contributions which establish a theoretical and analytical framework to discern
categories and sub-categories of barriers, to comprehend how they interact with
each other, to discern 25 important strategies, and to rank barriers and strategies
using integrated Fuzzy AHP-TOPSIS integrated framework. This study has
significant additions to the existing literature. For instance, this study adds to the
available literature by associating strategies to subjugate the influence of barriers
in maritime supply chains of containerized freight in context to India. There are
some studies that discern and evaluate the barriers such as; Kouhizadeh et al.
(2021), Gupta et al. (2020), Tumpa et al. (2019), and Mangla et al. (2019).
However, analyzing barriers in maritime supply chains of containerized freight,
ascertaining strategies and the significance of those strategies to subjugate barriers
does not exist in literature. Furthermore, this study is the first of its kind which is
conducted on the maritime supply chains of containerized freight. This study has
made two important contributions. First, most of the studies in operations and
supply chain management are executed in the context of a particular sub-sector or
large firms, and there exists no study that covers the entire maritime supply chain
domain. Therefore, the current study augments the insufficient literature on the

MSCs. Second, the existing literature is very less in the context of developing
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nations, especially India. Considering socioeconomic differences, the findings
obtained in the context of a developed nation may not be relevant to the maritime
supply chain sector of a developing nation. Hence, by considering India’s
maritime supply chain sector, the current study adds to the literature in context to

a developing nation.

7.2.4 Managerial and practical implications of this research

The results of this study possess notable practical implications, especially for
actors and stakeholders in the maritime supply chain sector. This research
discerns and segregates barriers into categories and sub-categories relevant to
containerized freight trade. This study identifies a list of six categories and 46
sub-categories of barriers that are prevalent in the maritime supply chain sector.
The domain experts have approved the set of barriers and have rated their impact
as well. These findings give a chance to actors and stakeholders in the maritime
supply chain domain to review and understand the situation of barriers. Further,
the results can advise actors and stakeholders to recognize the censorious barriers
so that the most critical ones can be focussed and eliminated. As discussed above,
the barriers are assessed with the help of the Fuzzy AHP method, which is the
most relevant technique to evaluate available data. The analysis concludes
infrastructure barriers (IFBs) to be the most critical, followed by legal barriers
(LGBs). Similarly, among sub-categories, LGB2 i.e., “Unsupportive laws,
regulations and government policies for the actors in maritime supply chains”
obtained the first rank, followed by TEB2 i.e., “Lack of seaport modernization in
terms of technology”. Whereas, ECB2 i.e., “Barriers to entry and expansion in

maritime supply chain business” scored the third rank.

After analyzing the barriers, this research also discerns and prioritizes a list of 25
strategies that help professionals to subjugate the impact of barriers. The
prioritization of the barriers is done through the Fuzzy TOPSIS method. This way
an integrated Fuzzy AHP-TOPSIS framework is established. This framework can

be used by the actors and stakeholders in the MSCs to discern and emphasize the
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most efficacious strategies, as it is tough to uphold feasibility in the present-day
tremendously competitive market. The actors and stakeholders in the maritime
supply chain domain need to implement the prioritized strategies in order to
remain strong during financial distress-like situations and to gain efficiency in the
operational and managerial aspects. The analysis concludes S24 i.e.,
“Identification and development of dedicated feeder and hub ports infrastructure”,
S17 i.e., “Competitive port charges” and S15 i.e., “Modern cranes and equipments
like AGVs, Automated gate systems, RFID, GPS, Ship profile scanning system,
etc.” to be the first, second and third, respectively, most critical in nature. The
ranking of barriers and strategies acts as operational instruction to decide what to
do next. The industry managers, strategists, and policymakers must attentively
monitor and control the top critical categories and sub-categories of barriers by
applying strategies accordingly. The prioritization and ranking of barriers and
strategies done in this research will help the industry managers, strategists, and
policymakers in strategic decision-making to subjugate the impact/influence of

barriers.

The presence of barriers is putting operational and financial pressure on the
smooth working of the maritime supply chain network. The segregation of
barriers into categories and sub-categories will help the actors and stakeholders to
understand the nature of the barriers and how they impact their business. Just the
identification of barriers into proper categories and sub-categories format (which
was not done earlier) will clarify many doubts. By just identifying the barriers, the
actors and stakeholders will be able to either avoid the involvement of those
barriers or will be able to eradicate those barriers, to enhance the performance of
their part in the entire maritime supply chains. However, it is not that easy.
Therefore, this study prioritized the barriers on the basis of their criticality by
deploying the Fuzzy AHP technique. Now, with the ranking of each category and
sub-category of the barriers, it became easy for the actors and stakeholders to
comprehend the critical categories and sub-categories of the barriers. Also, the

actors and stakeholders can differentiate on how the most critical ones

187



impact/influence their part in the entire maritime supply chains. This study will
also help the actors and stakeholders in understanding how these barriers interact
with each other and how they are connected to each other. Additionally, a set of
25 strategies is discerned and then ranked using the Fuzzy TOPSIS technique so
that the most relevant and impactful can be brought ahead of others. This will
help the actors and stakeholders to understand the strategies that need to be
imposed/implemented on an urgent basis, especially to counter censorious
categories of the barriers. Hence, this study acts as a complete guide for the actors
and stakeholders to identify the barriers and subjugate them with the right
strategies. Sensitivity analysis is performed on both Fuzzy AHP and Fuzzy
TOPSIS stages in order to check whether the whole framework is robust and
workable. As the business problem suggests that because of the presence of
barriers, shippers are experiencing $400 million of extra expenses, however, if the
right strategies are implemented, then those unnecessary expenses will be
reduced. Likewise, many others unwanted costs and operational fatigues will be
either minimized or completely subjugated. One of the domain experts in the
Delphi panel gave the below statement on managerial and practical implications

of this study;

“Many of the actors and stakeholders such as shipping lines and port operators
were direly waiting for this type of study which has direct implications on their
business. India is a developing country and the maritime supply chain sector is
also being developed gradually. Therefore, no one can deny the existence of
barriers in the maritime supply chains of containerized freight in India, as we
look at the set of a business problem and research problem. All inclusively, this
study is a complete package because it not just ranks the categories and sub-
categories of the barriers but also prioritizes the 25 identified strategies in order

to subjugate the impact/influence of barriers.”

This study has some vital inferences for strategists, decision-makers,
policymakers, and academicians who are into the maritime supply chain domain.

Not only this, the study holds massive implications to the manufacturing sector in
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India as they are the directly involved actors in the maritime supply chains. Many
a time, manufacturing firms do not have the required knowledge and expertise of
the maritime supply chains and because of this, the impact of barriers gets
multiplied. This impacts the overall efficiency and productivity of the
manufacturing firms. The presence of barriers in the maritime supply chains
impacts the manufacturing index of India, which is around 55 points in April
2021. Similarly, India is ranked 44th in Logistics Performing Index (LPI) with an
LPI score of 3.15. The current research espouses an integrated framework to the
actors and stakeholders to work on overcoming these barriers. The decision-
makers, policymakers, strategists, and regulatory bodies of the developing nation
can benefit significantly from this research in a way that they can examine this
integrated framework in different industries in order to comprehend the influence
of prevailing barriers. By testing this framework, the policymakers can emphasize

capacity building of various transport modes under the maritime supply chains.

7.3 Recommendations and Conclusions

7.3.1 Identification and analysis of barriers in the maritime supply chains of
containerized freight using Fuzzy AHP technique and identification of
strategies to subjugate the impact of barriers.

The industry managers, decision-makers, and strategists must acknowledge the
benefits/advantages in embracing strategies to subjugate or eliminate the
impression of barriers in the maritime supply chains of containerized freight. In a
developing country like India, the maritime supply chains are facing operational
and financial challenges and are managing issues like scarcity of resources and
funds, old and obsolete technologies, unskilled labor, strict regulations and laws,
unfriendly business policies, and environmental worries. India has aimed to attain
a status of manufacturing hub by the successful implementation of policies like
‘Make in India’ and ‘Sagarmala’ etc. and has also identified sectors where more
investments have been injected but nothing convincing is visible on the ground
due to the presence of barriers. Decision-makers and strategists must understand

that it is nearly impossible for India to become a manufacturing hub until and
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unless the maritime supply chains are not productive, efficient, less costly and
barriers free. Without this, India won’t be able to attract FDIs either in
manufacturing, agriculture, or even in the service sector. This research performs
an empirical analysis of the barriers in various aspects like economic,
technological, infrastructural, administrative and political, legal, and
organizational, wherein, infrastructural barriers are predominant among all. This
gives a clear idea that government should invest more in building dedicated feeder
and hub ports in order to compete with ports in the neighboring countries. For
instance, as discussed in the business problem, 80% of the throughput at Colombo
port is India bound so why Indian ports are not able to attract this throughput. The
problem lies in infrastructure, not just port and terminal infrastructure but also
hinterland transport infrastructure which is under-developed. In terms of freight
transport, regions like North-East India are not developed at all despite huge
potential, which is why this research talks about poor ICD/CFS infrastructure and
poor integration in the maritime supply chains (among different countries in a
region). Similarly, because of the presence of the barriers, shippers alone are
losing $400 million every year. This way, barriers are impacting the performance
of the maritime supply chains as discussed earlier in the analysis and discussion
section. Now, to eliminate the impact of barriers, a set of strategies is propounded
in this study by reviewing the literature, consulting industry experts, and referring
Drewry maritime research reports and data which is developed and maintained by
the maritime experts. All this is sufficient to prove the validity and viability of
this study. Hence it is recommended that in order to make the maritime supply
chains of containerized freight efficient and productive, decision-makers and
strategists need to execute strategies on a priority basis propounded in this study.
Even the outcome of this research is confirmed by the sector specialists as

effective and workable to counter barriers.

In this competitive world, it is difficult for actors in the maritime supply chains to
remain sustainable. The presence of barriers puts pressure on the revenues of the

actors and stakeholders, and in some cases, they may also go bankrupt. So, there
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is a need for urgent remedy with which the impact of the barriers can be
neutralized. A developing economy like India has its own set of problems, and
therefore, executing all the strategies at once or simultaneously is different.
Therefore, this study prioritized the strategies for organized implementation i.e.,
strategies with top ranks need to be implemented first or we can say in descending

order.

This research propounds a strong MCDM framework for prioritization of the
strategies to eliminate barriers present in the maritime supply chains. This is done
by first identifying the barriers, and then, linguistic grading to the barriers’ criteria
is allocated by the expert decision-making panel. In total 46 sub-categories of
barriers are identified. Thereafter, to eradicate the impact of these barriers, a set of
25 strategies are framed by following the same process as for barriers. Post this,
an integrated Fuzzy AHP-TOPSIS model is exercised to attain the final ranks of
the barriers and strategies. FAHP is implemented to acquire the relative weights
and to prioritize the barriers, and for strategies, FTOPSIS is exercised. In this, the
criteria of barriers that gained the first rank are infrastructural barriers (IFBs) -
making them the most critical/severe, followed by legal barriers (LGBs). The
propounded model is assisted by a case study of the maritime supply chains of
containerized freight in India. Lastly, sensitivity analysis is worked out to
examine the fluctuation in the decision with alteration in weights of the barriers.
The foremost benefit of prioritizing strategies is to help actors and stakeholders
(in the maritime supply chains) in policymaking in order to eliminate the
influence  of  these  barriers.  This  framework  considers  the
uncertainty/inaccurateness of experts’ feedback in the assessment process that
makes this approach a sturdy framework. Further research in this direction is

possible by generating a number of qualitative and qualitative characteristics.

7.3.2 An integrated framework to identify and evaluate strategies to
overcome the barriers using the Fuzzy TOPSIS method.

This study not just identifies the barriers in the maritime supply chains of

containerized freight but also propounds an integrated framework by discerning
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strategies and assessing them with the Fuzzy TOPSIS method to subjugate the
influence of barriers. Strategies are ranked to eliminate barriers which are done by
perceiving the highest level of nearness coefficient value which indicates that the
strategy S24, i.e., ‘Identification and development of dedicated feeder and hub
ports infrastructure’ scored first rank and the strategy S18 which is ‘Better safety
and security measures at ports’ received 25th rank. Wang et al. (2020), Kashiha et
al. (2016), Santini et al. (2018), Yang and Chen (2016), and Wiradanti et al.
(2020) also argued about the development of dedicated feeder and hub ports

infrastructure as a foremost strategy to boost the maritime supply chain sector.

The results of Fuzzy TOPSIS analysis shows that the following are the top seven
strategies to subjugate the impact of barriers: Identification and development of
dedicated feeder and hub ports infrastructure (S24) > Competitive port charges
(S17) > Modern cranes and equipments like AGVs, Automated gate systems,
RFID, GPS, Ship profile scanning system, etc. (S15) > Dedicated Freight
Corridors (DFCs) for containerized freight trains to the East and West coast ports
from various cargo hinterlands (S22) > Effective business strategies to develop
Inland Waterways (IWs) (S5) > Modern IT applications like and Internet of
Things (loT), Blockchain technology, Cloud computing, PCS and Big data
analytics, etc. throughout the maritime supply chains (S21) > Modern rail
technology to increase productivity and efficiency of the entire maritime supply
chains (S20). Ranking of all the 25 strategies is
S24>S17>S15>S22>S5>S21>520>S10>S14>S13>S8>S16>5S9>S23>52>S1>S11
>S6>5S4>S7>S12>S3>519>525>S18 where S24 possesses rank one and S18
secured the least rank and other solution strategies have gained ranks in

descending order.
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7.4 Limitations

7.4.1 ldentification of evaluation of barriers in maritime supply chains of
containerized freight using fuzzy AHP framework.

The barriers identified using one method of MCDM which is Fuzzy AHP and
other multi-criteria decision-making approaches can be tried such as ANP,
VIKOR, MAUT, DEMATEL, and BWM.

7.4.2 ldentification and evaluation of strategies to subjugate the impact of
barriers.

As with barriers, solution strategies are discerned and assessed using the Fuzzy
TOPSIS technique which can be replaced with other MCDM methods, as

mentioned above.

7.5 Scope of Further Research

7.5.1 Identification and ranking of barriers

Future studies can use the AHP method with Fuzzy logic for analyzing and
ranking factors in different industries. This approach can also be tested in other
countries for the aviation sector. A study can provide a comparison of the results
for the airlines from different countries and show the variation of the top ten ranks

of key factors among them.

7.5.2 Identification and ranking of strategies to overcome the barriers

Further studies in this area, can be made using other non-parametric methods such
as neural network, decision tree analysis, Case-based Reasoning, etc. to confirm
the results. Airline data from other countries can also be used to test whether there
is uniformity in the influencing factors which comprise the model developed.

7.6 Chapter summary

This chapter discussed the final outcome of this study and inspect the contribution
of the current study towards the subject on which the current study is performed.

This section also explained how the method of ranking is used and the model
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developed can be used by actors and stakeholders in the maritime supply chain
sector. Additionally, this chapter explained the limitations and future scope of this

study in the area of maritime supply chains.
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Appendix A

Questionnaire form to facilitate the comparison of criteria with respect to the goal

(Similar types of questionnaire are used for sub-criteria w.r.t. each criterion) due

to space constraint only 1 sub-criteria are presented and other sub-criteria

questionnaire is not given:

Criteria ECB IFB TEB ADPB LGB OoGB
Equal (1, 1, 1) Equal (1, 1, 1) Equal (1, 1, 1) Equal (1, 1, 1) Equal (1, 1, 1) Equal (1, 1, 1)
Very Low (1, 2, 3) Very Low (1, 2, 3) Very Low (1, 2, 3) Very Low (1, 2, 3) Very Low (1, 2, 3) Very Low (1, 2, 3)
Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4)
Medium (3, 4, 5) Medium (3, 4, 5) Medium (3, 4, 5) Medium (3, 4, 5) Medium (3, 4, 5) Medium (3, 4, 5)
High (4, 5, 6) High (4, 5, 6) High (4, 5, 6) High (4,5, 6) High (4, 5, 6) High (4, 5, 6)
Very High (5, 6, 7) Very High (5, 6, 7) Very High (5, 6, 7) Very High (5, 6, 7) Very High (5, 6, 7) Very High (5, 6, 7)
Excellent (6, 7, 8) Excellent (6, 7, 8) Excellent (6, 7, 8) Excellent (6, 7, 8) Excellent (6, 7, 8) Excellent (6, 7, 8)
ECB --
IFB .
TEB --
ADPB --
LGB --
0oGB --
Economic Barriers
Criteria  Sub criteria ECB1 ECB2 ECB3 ECB4 ECB5 ECB6
code Equal (1, 1, 1) Equal (1, 1, 1) Equal (1, 1, 1) Equal (1, 1, 1) Equal (1, 1,1) Equal (1,1, 1)
Very Low (1, 2, Very Low (1, 2, Very Low (1, 2, Very Low (1, 2, Very Low (1, 2, Very Low (1, 2,
3 3 3 3 3
Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4) Low (2, 3, 4)
Medium (3, 4, Medium (3, 4, Medium (3, 4, Medium (3, 4, Medium (3, 4, Medium (3, 4,
5) 5) 5) 5) 5)
High (4, 5, 6) High (4, 5, 6) High (4, 5, 6) High (4, 5, 6) High (4, 5, 6) High (4, 5, 6)
Very High (5, 6, Very High (5, 6, Very High (5, 6, Very High (5, 6, Very High (5, 6, Very High (5, 6,
7 7 7 7 7 7
Excellent (6, 7, Excellent (6, 7, Excellent (6, 7, Excellent (6, 7, Excellent (6, 7, Excellent (6, 7,
8) 8) 8) 8) 8)
Lack of FDIs and
other investments in
ECB1 maritime supply chain
sector
Barriers to entry and
ECB2 expansion in maritime
supply chain business
High and frequent
ECB3 increments in rail
haulage charges
Higher hinterland
ECB4 transport cost
High port tariffs
ECB5 compared to rivals
Slow growth of cargo
ECB6 generating sectors
Other (please specify)
ECB7
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Appendix B

Questionnaire form to facilitate the solutions for sub-criteria barriers due to space
constraint only 1 sub-criteria are presented and other sub-criteria questionnaire is

not given:
Set of solutions for sub-criteria barrier ECB1

S1
S2
S3

S23
S24
S25
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