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Abstract

Transporting goods by water has been a practice for centuries but, due to its time-
consuming and heavily labor-intensive nature, it was not as widespread as it is to-
day. The innovation of the modern commercial shipping container revolutionized
the shipping process, transforming the maritime logistics industry and the entire
world trade.

This thesis explores the transformative role of containerization in facilitating mod-
ern international trade and global supply chains. Containerization, which standard-
ized the process of loading, transporting and unloading of goods, reshaped logistics
and supply chains by decreasing costs, increasing efficiency and enabling the rapid
expansion of global commerce.

This thesis examines the impacts containerization had on labor practices, port in-
frastructure and global trade patterns. Additionally, the thesis addresses the chal-
lenges and opportunities containerization presents to the present and the future of
shipping. In recent years, new trends in e-commerce and the geographical distribu-
tion of global manufacturing have increased the importance of worldwide maritime
transport, especially containerized transport.

The study examines the historical evolution of the container, from its introduction
in the mid-20t century to its present-day dominance in maritime transport. The
thesis was conducted as a literature review to provide a comprehensive review
about the significance of the standardized shipping container to the global trade,
driving both disruption and growth in the standardized shipping era.

Keywords Shipping container, standardization, global supply chains, port con-
gestion, container shortage, Ever Given, supply chain risk management, supply
chain resilience
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Tiivistelma

Hyodykkeiden kuljettaminen vesiteitse on ollut kdytanto vuosisatoja, mutta hitau-
tensa ja tyovoimaintensiivisyytensd vuoksi se ei ollut yhta laajalti hyodynnettya
kuin nykypaivana. Standardisoidun, kaupallistetun merikontin keksiminen kuiten-
kin mullisti koko kuljetusprosessin, muuttaen peruuttamattomasti merenkulku-
alaa ja samalla maailmankauppaa.

Kandidaatintutkielma tarkastelee merikontin transformatiivista roolia modernin
maailmankaupan fasilitoinnissa seki osana globaaleja toimitusketjuja. Merikontin
keksiminen standardisoi hyodykkeiden lastaamisen, kuljettamisen ja purkamisen,
joka muotoili logistisia prosesseja ja toimitusketjuja uusiksi vihentden samalla kus-
tannuksia, parantaen tehokkuutta ja mahdollistaen globaalin kaupankaynnin no-
pean leviamisen.

Kanditutkielma tarkastelee lisdaksi merikontin vaikutuksia satamatyohon, satamien
infrastruktuuriin sekd maailmankaupan trendeihin. Lisdksi tutkielma tarkastelee,
millaisia haasteita ja mahdollisuuksia merikontti asettaa kuljetusprosesseille nyky-
paivana ja lahitulevaisuudessa. Viime vuosina uudet trendit verkkokaupankayn-
nissa ja valmistuksen maantieteellisessa asettautumisessa ovat kasvattaneet kan-
sainvalisen, vesiteitse tapahtuvien konttikuljetusten merkitysta.

Kandidaatintyo esittelee merikontin historiallisen evoluution sen keksimisesta
1950-luvulta aina nykypidivaan asti. Kanditutkielma toteutettiin kirjallisuuskat-
sauksena, saaden kattava katsaus standardisoidun merikontin merkityksestd maa-
ilmankaupassa ja sen roolista seki hiirioiden ettd kasvun ajurina standardisoidun
merenkulun aikakaudella.

Avainsanat Kontti, standardisaatio, globaali toimitusketju, satamaruuhka, kontti-
pula, Ever Given, riskienhallinta toimitusketjuissa, toimitusketjuresilienssi
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1 Introduction

With globalization and supply chains becoming ever more international, the
logistics industry has increased its importance in supporting global trade and
economy. As companies extend their supply chains to several countries in the
hopes of cost efficiency, the importance of maritime logistics increases sig-
nificantly. As stated by Panayides (2006), nowadays, it is not the possession
of products giving competitive advantage but rather the possession of right
products on time and at cheapest cost. Maritime transport of goods and ma-
terials offers the companies reliability affiliated with timeliness and low cost.

The maritime shipping industry is described to be the keystone of the global
economy (Mengqiao et al., 2015, cited in Akpinar and Ozer-Caylan, 2022) as
it has a strong relation to the growth of international trade (De Monie et al.,
2011, cited in Akpinar and Ozer-Caylan, 2022). According to Bernhofen, El-
Sahli and Kneller (2016), the volume of world trade accelerated dramatically
from the beginning of 1960s to the early 1990s. This economic phenomenon
coincides with the origins of the global container era.

The invention of the shipping container made a profound effect on global
shipping under a short period of time. From its invention in the 1950s, it has
been estimated that by the early 215t century, over 300 million 20-foot con-
tainers were moved overseas annually (Tomlinson, 2009, cited in Levinson,
2016). Further studies strongly indicate that without containerization, the
globalization of manufacturing systems and intercontinental trade would
have been impossible (Tomlinson, 2009; Broeze, 2017).

As stated prior, maritime transport of goods and materials has a reputation
of being cost-efficient, accessible and above all, reliable. However, with the
increasing complexity of supply chains, random failures and attacks on nodes
in the network may cascade to a breakdown of the whole system and there-
fore significantly complicate the performance of companies (Liu et al., 2018).
Random failures, such as the ocean vessel “Ever Given” getting stuck in the
Suez Canal, have caused harmful multiplier effects on the global trade in re-
cent years. These coupled with delay-causing phenomena such as container
shortages and port congestion, the reliability of maritime shipping as a
means of transportation decreases. Understanding the risks associated with
containerized maritime transport is crucial for companies navigating in the
VUCA world and modern volatile marketplace.



1.1 Thesis Objective and Research Questions

This research aims to analyse the impact of different containerized maritime
transport disruptions and how to mitigate its risks. This thesis addresses a
variety of phenomena such as container shortages, port congestion and ran-
dom failures such as the Suez Canal blockage. Furthermore, this thesis aims
to highlight the importance of containerized maritime logistics both as a vital
mode of transportation within business operations and as a crucial compo-
nent to the global trade.

The objective of this thesis is to provide a broad overview of the current re-
search related to containerized maritime logistics. Based on the scope of re-
search and the logistics perspective, the following research questions will be
covered in this thesis:

Q1. What is the significance of standardized containers in facilitating global
trade and how have they transformed shipping practices and international
supply chains?

Q2. How do delays and disruptions affect containerized maritime logistics
as a means of transporting materials and goods within international sup-
ply chains?

Q3. What strategies can be implemented to mitigate risks in maritime ship-
ping and improve the industry?

1.2 Scope and Limits of the Thesis

The scope of this research is limited to the movement of goods using stand-
ardized containers, placing particular emphasis on the role and operations of
the maritime transportation sector in relation to containerized shipping. As
this thesis focuses on containerized transportation, it does not delve deeply
into other modes of transportation, such as air, rail or road and therefore may
not cover broader aspects related to the whole supply chain management.
Even though the focus on maritime logistics industry has been shifted by sev-
eral other factors, such as port privatization, deregulation and information
technology (Giilmez et al., 2021), this thesis examines the impact the stand-
ardized container on global trade and analyses how disruptions and delays
affect container-related operations in today’s marketplace.

Scientific papers written in the field of storage and transfer of containers con-
sistently oversimplify the definition of containers (Martin, Martin and Lai,
2018) and underestimate the importance of establishing common standards
for containers. In this thesis, I aim to underscore the significance of the

9


https://www.tandfonline.com/author/G%C3%BClmez%2C+Se%C3%A7il

development of commonly recognized standards for containers in facilitating
the modern global trade. I will also explore the challenges presented by both
container-related disruptions and delays with practical examples to provide
insight into the current challenges in the industry

The COVID-19 pandemic affected the maritime logistics industry; however,
due to the broad scope of its effects, this aspect, excluding the section of con-
tainer shortages, will not be explored in full depth. Additionally, despite that
sustainability and digital advancements are emerging trends in within the
industry and currently heavily researched upon, I will not cover these aspects
in this thesis. Furthermore, while the thesis provides an in-depth literature
review, it does not include empirical research or primary data collection. As
such, the conclusions drawn in this thesis reflect the current state of
knowledge and may evolve as new research emerges in the field of global
shipping and logistics.

1.3 Methodology

The methodology for this thesis involves a comprehensive literature review
that focuses on standardized containers and their use in maritime logistics
and global trade. Academic articles were the primary source to cover the the-
sis topics but other relevant sources, such as history books, were used.

Google Scholar was used as the main platform for the literature research as
its detailed search method enables well-targeted research. Other search en-
gines, such as Scopus and Web of Science, were also used in search of relevant
literature. The review exploited the funnel approach, beginning with general
mapping of container standardization amongst its history and significance,
gradually narrowing down to relevant aspects within the industry, such as
port congestion and container shortage. Relevant papers were found by first
looking for keywords in title. Secondly, assessing the publication year and
number of references were conducted to maintain relevancy and ensure that
the resources are up to date. Final decisions of choice were made by skim-
ming through the whole paper.

Keywords such as “shipping container”, “containerization”, “container short-
age”, and “port congestion”, “Ever Given” and “disruptions in container ship-
ping” were used to approach the literature in the search engines during the
initial stage of the review. Additionally, I tried searching with the word “mar-
itime shipping industry” but found it too broad a keyword for finding relevant
literature. When I delved into the literature, I added keywords such as
“standardized container”, “ISO standard” and “trend”.
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The review included prioritization of peer-reviewed, renewed journals such
as Maritime Economics & Logistics, Ocean & Coastal Management and Mar-
itime Policy and Management. However, also not as widely cited articles and
information from shipping companies’ websites was used due to lack of aca-
demic research from container markings and up-to-date ISO standards, for
instance.

1.4 Structure

This thesis consists of several key parts that systemically and periodically in-
vestigate container standardization, its history and significance in facilitating
global trade. Additionally, disruptions and delays, such as container short-
age, port congestion and random failures are covered.

The thesis begins with a theoretical background in Section 2, where relevant
theoretical concepts such as shipping container and maritime shipping in-
dustry are explained. It covers the technical, economic and logistical factors
that make the container a transformative force in global trade.

Following this, Section 3 on literature review on the history of containeriza-
tion is introduced, beginning from the pre-containerization era and ending
in today’s marketplace, addressing how economic crises have influenced
trade dynamics and the shipping industry. The literature review then ex-
plores container standardization process in depth, emphasizing its effects on
global trade.

After this discussion, the literature review delves into disruptions and delays
in the maritime shipping processes. Additionally, Section 3 contains mari-
time supply chain risk management (SCRM) strategies and mitigative
measures proposed to improve the industry and the resilience of companies
managing global supply chains.

The main findings of the literature review are presented in Section 4. This

section also discusses the implications of the literature review for future re-
search and practice.
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2 Theoretical background

This section examines the shipping container by introducing its common
standards and means of identification. The section attempts to highlight the
importance of standardized systems in maritime transportation and under-
standing container markings within business operations. Additionally, this
section explains the basics of maritime shipping industry, focusing on its role
as part of global supply chains and current challenges related.

2.1 Introduction to the Shipping Container

The exchangeable container, commonly known as an ISO container, is a
standardized unit used in international trade. The standards, refined by the
International Organization for Standardization committee (ISO 1972, cited
in Martin, Martin and Lai, 2018), include 15 specifications which regulate
different container types and include instructions for handling, securing,
identification and information exchange. Although not legally mandated,
these standards can be integrated into legal contracts. The standards are re-
viewed regularly and periodically to ensure their continued relevance to the
industry (Martin, Martin and Lai, 2018). ISO is endorsed by IMO, the Inter-
national Maritime Organization, in promoting standardization. Whereas ISO
seeks to reduce inefficiencies by establishing common guidelines through
standards, IMO enforces minimum requirements for ensuring safety of peo-
ple and property (Martin, Martin and Lai, 2018). These parties operate in
alliance to support innovation within container handling methods and fur-
ther promoting safe operations and handling (Martin, Martin and Lai, 2018).

For a container to qualify as an ISO container, it must adhere to “all relevant
ISO container standards in existence at the time of its manufacture” (ISO
830:1999, cited in Martin, Martin and Lai, 2018). The standards incorporate
detailed features of the standard container, such as engineering drawings of
corner fittings and operational codes to communicate the size and physical
properties of containers (Martin, Martin and Lai, 2018). These common
guidelines enable smooth and safe operations on the shipping container.

Maritime containers are standardized, inter alia, by the following ISO 668

designation (Figure 1), which specifically defines classification, dimensions
and ratings of a container (ISO):
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External Dimensions Maximum

1
ISO* | Name Length Height | Width | Gross Mass
, 9v 6"/
1EEE | 45 HC 45 ft / 2.896 m 36,000 kg/
13.716 m 86"/ 81t o lbs
2.591m
, 9' 6"/
1 40" HC 2.896 m
1AA | 40' GP 40 ft/ 86"/ S ft 36,000 kg/
12.192 m 2.501 m 79,370 lbs
' 8 ft/
1A 40'FT 2.438 m
' 91 6"/
1BBB | 30' HC 2.896 m
1BB | 30' GP 29'11.25" / 86"/ 3 ft 36,000 kg/
9.125 m 2.501 m 79,370 lbs
' 8 ft/
1B 30 FT 2.438 m
' 91 6"/
1CCC | 20' HC 2.896 m
cC | 20 GP 19'10.5" / 86"/ S ft 36,000 kg/
6.058 m 2.501 m 79,370 lbs
1C 20' FT 81t/
2.438 m
D 10' FT 9'9.75" /2.991m | 8 ft / 8 ft 10,160 kg /
2.438 m 22,400 lbs
\E2 | 6.5 FT 6'5.5"/1.968m | 8ft/ 8 ft 7,110 kg /
2.438 m 15,700 1bs
P2 & FT 4'9.5"/1.460m | 8ft/ 8 ft 5,080 kg /
2.438 m 11,200 lbs

Figure 1: ISO 668 Container Standards (ISO)

1 The standard also recognizes containers under 8 feet in height, which are designated as
1AX, 1BX, 1CX and 1DX (ISO).

2 6,5- and 5-foot containers are not in the current edition of the ISO 668 standard but were
standardized in previous editions and are still made (ISO).
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Containers are coded, identified and marked by the ISO 6346 standard. ISO
6346 regulates the body of the container number, the size type code and de-
tails in which way the codes should be displayed (Martin, Martin and Lai,
2018). The details are in the series numbers in the upper right-hand corner
of the containers’ right-hand door. The identification information should be
displayed as follows (Figure 2):

EMCU-871753-0

Owner Serial
Prefix number
Equipment Check
identifier digit

Figure 2: Container Identification Number (Evergreen Line)

Container number consists of owner code, equipment identifier, serial num-
ber and the check digit (Evergreen Line). The owner prefix indicates the
owner of the shipping container, such as the Evergreen Marine Corp (EMC).
The container cannot be identified if the owner code is absent (GDV). The
category identifier stands for the container type as follows (Evergreen Line):

e U — All freight containers
e J — Detachable freight container related equipment
e 7 —Trailers and chassis

Serial numbers include six Arabic numbers which are determined by the
owner or operator. The last digit, the check digit, is used to validate record-
ing or transmission accuracy of the data (Evergreen Line). Freight Infor-
mation System (FIS), Transport Information System (TIS) or similar data
processing systems check the container number using the check digit and
will not accept unless the automatic checking procedure shows agreement
with the check digit (GDV). The checking procedure is based on a mathe-
matical formula which is used to calculate the right check digit for the con-
tainer. The result of the computation will be the same as the check digit of
the container, if the check digit on the container is correct (MC Containers).

Containers differ notably by their height, width and purpose of use. Some of
such deviations are, however, not visibly distinguishable. Consequently, it is
essential to understand the system of container identifications and mark-
ings, as these details are typically included in the manifest and other im-
portant shipping documents.
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2.2 Introduction to Maritime Shipping Industry

Maritime transport refers to the transportation of goods by sea for commer-
cial purposes, in return for payment or as a part of an organization’s wider
economic activity (AIE). Maritime transportation accounts for over 90% of
the total volume of global trade (Lozano and Arguello, 2021, Zhou, Stephen,
et al., 2021, cited in Alzate et al., 2024) with volumes reaching over 11 billion
tonnes (UNCTAD 2019, cited in Giilmez et al., 2021). It is commonly recog-
nized that maritime transport and its associated activities, including plan-
ning, control, distribution and supply chain management, are the key pillar
in generating competitive advantage and increasing profitability through ef-
ficiency gains (Rojas et al., 2021, cited in Alzate et al., 2024). These charac-
teristics have, inter alia, made maritime transport the dominant mode in
comparison to land and air transport (Sanchez, 2020, cited in Alzate et al.,
2024).

The complexity of global supply chains and transit networks and their varia-
ble nature require incorporation and definition of factors for effective supply
chain management (Lin et al., 2020, cited in Alzate et al., 2024). In recent
years, the circumstances within the industry have presented notable chal-
lenges related to operations management as maritime transportation’s role
has switched from the mere movement of cargo to delivering integrated and
diversified logistics services to customers (Giilmez et al., 2021). These chal-
lenges arisen from said integration have emphasized the importance of ex-
pertise within the logistical administration sector which has to act under
challenging environmental challenges, relying on scientific knowledge, polit-
ical decision-making and societal consensus (Kleine-Kampmann et al., 2021,
cited in Alzate et al., 2024).

Alike all sectors operating global business, the maritime shipping industry
was greatly affected by the COVID-19 pandemic. According to Thai et al.
(2023), the new business environment has raised the need to re-evaluate
global supply chains as the industry navigates the new trends, strategies and
policies. Considering this development as well as the recent growth in the
ratio of containerized cargo (Thai et al., 2023), recent research trends in the
field have included port congestion, limited container storage yard in the ter-
minals, inadequate infrastructure and the performative capability of ports
(Giilmez et al., 2021). Besides operational re-evaluation, further assessment
of risk management and resilience of supply chains has emerged as risks and
random disruptions may result in unfavorable conditions within the trans-
portation process. These themes can be assumed to continue attracting both
scholars and practitioners (Thai et al., 2023).
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3 Literature Review

This section introduces the literature related to the history of the shipping
container, container standardization process and the effects related. Addi-
tionally, this section examines delays and disruptions associated with con-
tainerized maritime shipping, with a focus on maritime supply chain risk
management challenges and risk management strategies.

3.1 History of Containerized Maritime Transport

Containerization refers to the revolution of freight transportation when com-
panies began using intermodal shipping containers in shipping cargo over-
seas. The history of modern containerization reaches out to the 1950’s. This
section attempts to introduce the brief history of the shipping container by
examining different eras of containerization, highlighting its importance in
modern day trade.

3.1.1 The Era Preceding the Shipping Container

Before the 1950’s, most goods shipped by sea were transported using the
break bulk method, in which goods were loosely packaged in boxes, bags or
barrels (Tomlinson, 2009). This process was not capable of large volume nor
short lead time, as in 1950, an average vessel was smaller than 10 000 GRT
(Gross Register Ton) and traveled at the speed of approximately 15 knots
(Levinson, 2016). Besides non-existent scale benefits, a significant cost factor
at the time was loading and unloading the goods while in change of carrier.
Some goods, such as oil, were transported by oneself and therefore could be
unloaded more rapidly at a lower cost (Tomlinson, 2009). This was, however,
only a marginal in maritime shipping. The maritime shipping industry and
international trade were therefore marked by exceptionally high costs and
high labor intensity (Levinson, 2016). Before the international use of the con-
tainer, in 1961 ocean freight costs were said to have accounted for 12 % of the
value of US exports and 10 % of the value of US imports (Levinson, 2006,
cited in Tomlinson, 2009). Levinson (2016) emphasizes that international
shipping as a process was, at the time, so expensive that selling internation-
ally was not worthwhile in most cases.

Soaring maritime transportation costs brought challenges to shipping com-
panies as well. The Great Depression and World War I significantly reduced
the construction of privately built merchant vessels, which led to ship opera-
tors having only little private capital invested in the business (Levinson,
2016). With high operational costs and having to handle cargo by hand, Lev-
inson (2016) states that companies found it ineffectual to invest in modern
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docks or bigger vessels as cutting turnaround times and using ships and
docks more efficiently was almost impossible. It was not only shipping com-
panies that were stuck, however. High labor intensity accompanied with min-
imal mechanization or automation proposed two problems to ports: theft and
resistance to anything that may foster automation-driven unemployment. As
Levinson (2016) states, theft had “always been a problem” in harbors as long-
shoremen justified it by having to endure poor working conditions and terri-
ble labor management. This applied to resistance to authority likewise. These
issues further intensified the profitability problem and dismissed proposals
for improvement.

The concept of a commercial container came around in the 1950s, but the
process of shipping cargo in large boxes had existed long before. In the late
19th century, the British and French railways experimented wooden contain-
ers in moving domestic furniture on rail flatcars (Levinson, 2016). In the late
1910s, the Cincinnati Motor Terminals Company innovated with inter-
changeable truck bodies and the concept was adopted and adjusted to Amer-
ican railways a few years later (Levinson, 2016). Versatile container systems
were adopted to international railways during the 1920s as a response to the
emergence of a new competitor, the truck transportation (Levinson, 2016).
Inspired by the progress, several North American shipping companies exper-
imented with carrying truck bodies in the early 1930s (Levinson, 2016). It
was only after the Second World War, however, that the experimentation and
adoption of ocean containers gained significant momentum.

The International Container Bureau, founded in 1933 for making container
freight practical in Europe, was re-established in 1948 and soon after that,
the first ships designed specifically for containers arrived in Denmark in 1951
(Levinson, 2016). The U.S. Military had used 8'6"x6'3"x6"10" metal shipping
containers during World War II (Tomlinson, 2009) and introduced “Conex
boxes”, small steel containers, for soldiers’ personal belongings soon after. In
the 1950s, several attempts to introduce containers to commercial use were
made, both by railroad operators and shipping companies. All these under-
takings, despite being modest in scope, had the target of eliminating costs
and enhancing the performance of slow and inefficient ports.

Despite the innovative efforts, the handling of early containers abolished the
hopes of cost savings. This was caused, for example, by small container sizes
of less than 106 cubic feet and American containers being made of heavy steel
(Levinson, 2016). Containers were still loaded alongside loose freight, which
required more workforce and resulted in empty space (Levinson, 2016). The
container also introduced the shipping companies to a fully new problem of
empty container return, which raised transportation costs tremendously
(Levinson, 2016).
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Overall, all parties were on the quest for a solution. Shippers yearned for
cheaper transport, less risk of damaging goods and lower insurance rates.
Shipowners were keen on purchasing bigger vessels which could spend less
time in port, thus earning more revenue. Truckers wished to minimize wait-
ing time in docks whereas nearby port cities wished to increase traffic
through their harbours (Levinson, 2016). Despite stakeholders’ active invest-
ing and thorough experimenting, most efforts on improving productivity
made drafts heavier and longshoremen’s labour harder. Eventually, the opti-
mal solution to this problem was presented by someone with no prior expe-
rience in ships (Levinson, 2016).

3.1.2 The Introduction of the Modern Shipping Container

The American road transport company owner Malcom McLean invented the
first commercial shipping container for transports at the East Coast of the
US, when his company introduced a standardized container that could be
transported by a truck, a vessel or by a train without unloading the cargo for
a change of carrier (Talley, 2012). The first vessel loaded with 58 aluminum
steel containers sailed from New Jersey to Houston on April 26, 1956 (Lev-
inson, 2016). A new age for shipping had begun.

The revolution of shipping ascended slowly as the traditional major shipping
companies, such as HAPAG, were hesitating to introduce the new technology
(Talley, 2012; van Ham and Rijsenbrij, 2012). In addition, industry profes-
sionals evaluated that the new niche technology would only be useful along
the U.S. coastal trade but would not be applicable to international shipping
(Levinson, 2016). This was, however, proven to be wrong. The shipping lines
not investing in the container business ended up in a severe crisis as the rev-
olution coincided with the takeover of aircraft transportation (Talley, 2012).
New players in the industry, such as the Danish Maersk Line, recognized the
opportunity in new technology (Talley, 2012) and became one of the two rea-
sons why intermodal transportation became the preferred way of shipping
ocean freight. The other reason was standardization of container sizes.

3.1.3 The Commercialization of the Container

First container services were established in the 1950s and by the 1970s, reg-
ular trans-Atlantic and trans-Pacific services were founded with ports such
as New York, Okohama, Oakland and Hamburg becoming the pioneers of
containerization (Guerrero and Rodrigue, 2014). These ports, along with oth-
ers in North America, Western Europe, Japan and Australia, accounted for
80% of the global throughput in 1970 but were unable to keep this initial ad-
vantage due to shifts in trade patterns (Guerrero and Rodrigue, 2014). These
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ports were the pioneers of containerization as they had proven for the trans-
portation mode to be profitable and successfully implemented it to their busi-
ness.

Handling of containers differed from what had been the standard of handling
the cargo before the innovation of the shipping container. To efficiently han-
dle containers while sustaining safety protocols, the critical components of
port, cranes, had to be further developed. This resulted in innovating the gan-
try crane in the 1950s, in which the crane operated on a gantry that bridged
the whole ship (Levinson, 2016). Typically, rails were placed on the docks at
the place of mooring which allowed the cranes move across the width of the
vessel, stopping above any container and hoisting it up vertically (Levinson,
2016). The development of cranes paired with new containers having a spe-
cial steel casting built into each of their eight corners, which allowed dis-
charge in mere seconds, made it possible to handle containers with unprece-
dented speed, states Levinson (2016). The ship could be both loaded and un-
loaded simultaneously, which eventually reduced time in port significantly
(Levinson, 2016).

An increasing number of shipping lines continued investing in more con-
tainer capacity (van Ham and Rijsenbrij, 2012) as the container integrated
into commercial relations due to dominating ports shifting away from tradi-
tional break bulk trades (Guerrero, Rodrigue, 2014). The shipping industry
was, however, hit hard when the economic growth slowed down and oil prices
soared due to oil crises of the 1970s and 1980s (van Ham and Rijsenbrij,
2012). The cutthroat competition paired with difficult economic times drove
various U.S operators out of business (Levinson, 2016) as European and Jap-
anese shipping lines were better prepared to sustain the economic situation
(van Ham and Rijsenbrij, 2012). Fortunately, however, the growth of con-
tainerized shipping between Asia and Europe created opportunities for addi-
tional port calls along pendulum routes, which presented companies with
new business opportunities (Guerrero and Rodrigue, 2014). Containerization
started to turn towards the era of intermodalism as shipping lines under-
stood that reorganizing hinterland transportation meant taking control of the
whole transport chain (van Ham and Rijsenbrij, 2012).

3.1.4 The Establishment of Intermodalism

Economies of scale had become the ultimate goal of maritime industry by the
late 19770s, according to Levinson (2016). Bigger ships, ports and cranes low-
ered the cost of transporting and handling containers, which had been slowly
yielding towards the 40 FT ones (Levinson, 2016). These phenomena en-
dorsed shipping companies to contract bigger ships, reach out their services
and broaden their networks, which was a further driver for internationalizing
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trade (Levinson, 2016). The concept of the Panamax vessel, the maximum
size that could pass through the Panama Canal, was invented, and at the turn
of the millennia, ship lines were requesting vessels fit to carry 10,000 20-foot
containers (Levinson, 2016). As networks increased in size, the network
strategy shifted from point-to-point business along pendulum routes to
hubs-and-spoke services (Guerrero and Rodrigue, 2014) and the concept of
transshipment hubs was established.

From the mid-1990s, the container became the standard method for global
freight distribution, driven by the rise of Chinese ports in global shipping net-
works and the establishment of post-Panamax ships of even larger volume
(Guerrero and Rodrigue, 2014). Shipping lines began calculating operating
costs and designing transportation routes by prioritizing the most efficient
and cost-effective paths for smooth cargo flow (Levinson, 2016). Port loca-
tion mattered less and less. This increased the competition between carriers,
which in turn, increased private investments at a large scale. Government in-
vestment had been crucial in the development of ports but the rise of costs
and fast geographical changes within ideal port locations made these invest-
ments too risky (Levinson, 2016). This started port privatization, by the lead
of Great Britain, and by the end of the 2000s, approximately half of world’s
containerized trade was passing through privately owned ports (Levinson,
2016).

3.1.5 Economic Crises and Shifts in Trade Dynamics

The direction of maritime trade flows was fundamentally challenged during
the 2008-2009 financial crisis, which resulted in recession in all OEDC coun-
tries. Resulting in massive repricing of assets, global demand in TEU-mile
fell by 12.4% in 2009 (Notteboom, Pallis and Rodrigue, 2021). Even though
shipping companies ordered postponements and cancelled orders on new
vessels while suspending liner services, analyses estimated an overall oper-
ating loss of more than USD 20 billion for 2009 (American Shipper, 2009,
cited in Notteboom, Pallis and Rodrigue, 2021). The crisis forced shipping
companies to reorganize their business and rearrange their debt programs
finally resulting in major mergers and acquisitions activity in the mid-2010s
Notteboom, Pallis and Rodrigue, 2021).

Throughout the beginning of 215t century, new trends in e-commerce and the
changes in geographical distribution of global manufacturing have shifted
the maritime shipping industry drastically, with one of the key players being
China. Export-led China acquired 13.2 per cent of all global exports in 2015
(WTO, 2015, cited in Neise et al., 2018) and the share is continually increas-
ing (Cullinane and Haralambides, 2021). However later in the decade, before
the COVID-19 pandemic, the industry was threatened by the same challenges
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since the financial crisis. The sluggish demand of goods resulted in worsening
supply-demand imbalances and the increased volume of vessel building de-
teriorated profitability due to the slowdown in the global economy (Neise et
al., 2018). The weak global economy forced shipping companies to seek out
for cost synergies by consolidating their business activities again through
M&A (Mergers and Acquisitions) and forging of new alliances (Neise et al.,
2018). Finally, the COVID-19 outbreak revolutionized the entire maritime
shipping industry, forcing businesses to adapt to the new normal of volatility
and increased risk.

3.2 Container Standardization Process

Nowadays, intermodalism is the preferred way of shipping most ocean
freight. Two key trends lie behind this: the recognition of business opportu-
nities in container commercialization and the standardization of containers.

Container sizes were standardized in the early 1960s, which allowed shipping
companies to aggressively invest in bigger ships and container handling
equipment (Tomlinson, 2009). An analysis made by the geophysicist Foster
Weldon conducted that vans of 20 to 25 feet would be the most efficient in
transporting sugar from Hawaii (Levinson, 2016). This study was the fore-
runner for the invention of the standard TEU container, but the process was
far from straightforward. Containerization took on the wind when the Vi-
etnam War escalated in the 1960s and war supplies had to be shipped in large
quantities (van Ham and Rijsenbrij, 2012). Until then, 1966, containerization
was matured mostly in domestic North American maritime trade (van Ham
and Rijsenbrij, 2012). When international trade started expressing interest
in using containers, the need for global standardization was emphasized.

On April 14, 1961, 10-, 20-, 30-, and 40-foot boxes were announced to be the
only standard containers in the U.S by MH-5 (Materials Handling Sectional
Committee 5), which was appointed by the American Standards Association
(ASA) (Levinson, 2016). The MH-5 and the International Organization for
Standardization (ISO) then took on the quest of repeating the process at in-
ternational level as it was found that no shipping line used 30-foot containers
and only a few 10-foot containers had been purchased (Levinson, 2016). De-
spite the impracticality, these dimensions were accepted as standards which
lasted for a few decades before further modifications were discussed (van
Ham and Rijsenbrij, 2012). In 1970, the ISO published the first draft of di-
mensions and standards (ISO 668) which is the foundation for the interna-
tional use of maritime containers (van Ham and Rijsenbrij, 2012). Nowa-
days, the standard TEU is still in use. The creation of the TEU as a unit of
measurement was a competitive advantage as it was adopted to indicate not
only the ship capacity but also the size of fleets operated, or the annual
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throughput achieved by ports (Broeze, 2002). As stated by van Ham and
Rijsenbrij (2012), “standardization is nobody’s best, but better for all.”

3.3 Effects of Standardized Containerization

The standardization of shipping container allowed stakeholders across the
value chain to improve the movement of cargo between origin and destina-
tion (Neise et al., 2018) but perhaps most importantly, the container de-
creased the price of transport by eliminating piece-by-piece freight and
therefore significantly reducing the handling of cargo both in seaports and
on land (Levinson, 2016). The shipping charge was $5.83/T during the pre-
container era which decreased to $0.158/T after containers were introduced
(Levinson, 2016, cited in Toygar, Yildirim and Inegol, 2022). Levinson
(2016) states that through shipping companies’ investments in vessels spe-
cifically designed for containers and container shipping becoming inter-
modal, the flow of goods became a seamless stream of flowing goods, accom-
panied by low costs. This, in turn, had a ripple effect on shippers such as fac-
tories, wholesalers and commodity traders, to whom the cost of transporting
was the decisive factor in determining what products to manufacture, where
to produce and whether exporting was profitable (Levinson, 2016).
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Figure 3: Evolution of Global Trade (Bernhofen, El-Sahli and Kneller, 2016)

It has been suggested that containers were the facilitator of globalization.
Slack (2004), cited in Tomlinson (2009), argues that the expansion of inter-
national trade and global manufacturing systems would have been impossi-
ble without the economies and benefits containerization has offered. As
shown in Figure 3 (Bernhofen, El-Sahli and Kneller, 2016), the defleated in-
crease in world trade accelerated drastically after the introduction of the con-
tainer, with world trade growing in real terms from 0.45 trillion dollars in the
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early 1960s to 3.4 trillion dollars in 1990. Research conducted by Bernhofen,
El-Sahli and Kneller (2016) further suggests that containerization highly cor-
relates with globalization over the 20t century.

Levinson (2016) takes a viewpoint into the matter through the Barbie doll.
Despite Barbie being conceived as the all-American girl, she was arranged to
be made at an abroad factory from the moment of inception. A few years later
sewing of Barbie’s clothes were outsourced to Taiwan and by the mid-1990s,
Barbie was made in China using machines from Japan and Europe and molds
from the U.S. Barbie had developed her own global supply chain (Lukas,
2003, cited in Levinson, 2016).

The container did not only revolutionize world trade, but it had a significant
impact on port labour and surrounding cities as well. Efficiency gains were
felt especially in loading and unloading of cargo, meaning fewer workers were
required. As stated by Broeze (2002, cited in Tomlinson, 2009), compared to
break bulk shipping, the introduction of containers made nineteen in every
twenty men in the docks redundant. In the U.S East Coast, the number of
registered longshoremen fell by over two-thirds from 1952 to 1972 despite
the substantial growth in worldwide shipping (Tomlinson, 2009). At the
same time, port operations shifted from populated areas to less developed
locations, as larger ships required more water and handling demanded more
space (Tomlinson, 2009). This left some ports completely obsolete, which al-
tered business locations significantly worldwide (Levinson, 2016). Carriers
also staggered under the enormous investment requirements, with some not
surviving the game, which altered the corporate field (Levinson, 2016).

A “soulless aluminum box”, as described by Levinson (2016), added incre-
mental value not by what it was, but by how it was used. As Levinson (2016)
states, Malcom McLean’s container was not an innovation but merely an-
other adaptation of an already pioneered transportation formula. What was,
however, significant, was McLean’s insight of shipping industry’s business
being moving cargo, not sailing ships (Levinson, 2016). McLean understood
the need for a novel approach in freight handling, advocating for a compre-
hensive transformation that extended beyond mere cost reduction using a
metal box (Levinson, 2016). Nowadays, the container is at the heart of an
automated system of moving goods abroad with minimum cost and compli-
cation, making the shipping process smooth and effective (Levinson, 2016).
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3.4 Delays and Disruptions in Containerized Maritime Ship-
ping

Containerized maritime shipping, despite growing its importance amongst
global trade, is subject to multiple risk factors, such as technical, business
and operational risks (Ewert, 2008, cited in Neise et al., 2018). This makes
the sector vulnerable to delays and disruptions, which can also be triggered
by supply and demand factors (Neise et al., 2018). The difference between
delay and disruption must be considered, however. Both delay and disrup-
tion will postpone product arrival time, but disruption stops the flow entirely
while delay only refers to a slower flow of goods (Omer et al., 2012, cited in
La and Su, 2015). Nonetheless, both risk types have a profound impact on
exports and imports worldwide. For instance, due to supply chain disrup-
tions, U.S. exports declined by 24.5% from May to November 2021 with esti-
mated trade effects reaching up to $15.7 billion in export losses (Steinbach,
2022).

3.4.1 Container Shortages

Container shortage refers to the imbalance between shipping container avail-
ability and demand, thus referring to a delay risk in supply chain. Container
shortages may also arise from difficulties in returning containers or shipping
companies using them for other purposes, such as storage, renovations and
during cases of law enactments (Chang, Xu and Song, 2014). Container short-
ages became a relevant discussion topic in the global shipping industry due
to the global COVID-19 pandemic and continue to do so in the post-COVID-
19 era as the sector’s challenges from the pandemic persist (Zohaib, Inam and
Silat, 2023). Additionally, new trends in e-commerce and the geographical
distribution of global manufacturing continue emphasizing China and East
Asia’s countries as exporters, which makes the problem more difficult. Con-
tainer shortages can be experienced periodically during Peak Seasons of ship-
ping and can be caused by multiple factors. Typically, container shortages are
caused by shipping companies reacting to uncertainty in demand in trans-
portation operations.

During the global pandemic, additional income from the increase in house-
hold’s savings stimulated consumption expenditures leading to significantly
expanding imports from Asia. As a direct result, U.S ports had to handle up
to 17.5% more incoming containers in 2021, compared with the pre-pan-
demic period (Steinbach, 2022). However, the restrictions made by national
government to reduce the spread of COVID-19 directly affected the work-
force, which kept containers in port areas, warehouses and shipboards for
longer periods of time (Michail, Melas, 2020, cited in Toygar, Yildirim and
Inegol, 2022). At the same time, China was also suffering from trade
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suspension due to lockdowns (Cullinane and Haralambides, 2021). These
factors, in co-operation, increased freight rates notably (Toygar, Yildirim and
Inegél, 2022; Zohaib, Inam and Silat, 2023) and established a severe con-
tainer shortage problem with the number of empty containers returning to
China increasing significantly. It was estimated that China was sending
around three containers for every one imported (Zohaib, Inam and Silat,
2023). These factors caused an unprecedented bottleneck in supply chains
globally (Carter et al., 2021, cited in Steinbach, 2022).

Whereas other areas may suffer from container shortages, some areas have
surplus of empty containers. Consequently, empty container repositioning
and management is required (Braekers, Janssens and Caris (2011). Move-
ment of empty containers has historically been a notable cost factor for ship-
ping companies and currently it fluctuates between 5 and 8 percent of all op-
erating expenses (Zohaib, Inam and Silat, 2023). Besides moving containers,
the storage and maintenance of empty containers is expensive. Stacking up
empty containers prevent the efficient processing of incoming cargo, state
Komaromi et al. (2022), which is a key player in causing port congestion,
especially since empty container depots are mostly located nearby ports
(Braekers, Janssens and Caris (2011). Thus, amongst the most volume-inten-
sive ports, container shortage or surplus is a real problem. While shipping
lines and container owners are able to benefit from rising freight rates, com-
panies and supply chain managers suffer from increasing transportation
costs.

3.4.2 Port Congestion

Ports often play a vital role in international trade and the smooth functioning
of supply chains. Ironically, ports are considered among the most significant
causes of uncertainty within supply chains (Sanchez-Rodrigues et al., 2010,
cited in Lam and Su, 2015) as they often face challenges like congestion
(Meersman, Van de Voorde and Vanelslander, 2012). These challenges occur
globally but have been particularly pronounced in China and the U.S,,
marked by significant and ongoing delays (Komaromi et al., 2022). Accord-
ing to a study by Meersman, Van de Voorde and Vanelslander (2012), most
of the congestion generates in terminals, hinterland connection points and
within the hinterland transport itself. Komaromi et al. (2022), however, state
that approximately two thirds of port slowdown is attributable to ships wait-
ing longer outside ports and one third is caused by slower cargo processing
at berths. In summary, discrepancies between cargo handling activities and
other activities in the logistics chain contribute to port congestion, causing a
risk of delay.
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More importantly, port congestion is driven by the increase of consumer de-
mand coupled with insufficient capacity utilization rate (Komaromi et al.,
2022). Cargo handling performance is affected by a variety of external factors
(Meersman, Van de Voorde and Vanelslander, 2012), such as labor shortages,
inadequate infrastructure and backlogs from previous congestion situations
(Komaromi et al., 2022). As shown in Figure 4, a container ship may experi-
ence congestion in the following places approaching to berth (Meersman,

Van de Voorde and Vanelslander, 2012):

Place

Cause of congestion

Example

Maritime access

Vessels lining up be-
tween open sea and port

Tide dependence creates
a time window for trans-

area

route to enter harbour fer from the open sea to
port
Lock capacity is insuffi-
cient compared to the
Vessels lining up to lock | number of vessels, whose
Locks . . L,
in harbour docking destination is
behind a lock system,
wishing to lock
Limited berth location | Another ship may not be
Berths .
capacity ready to depart yet
. Shortag.e n loaghng and All berths are occupied,
Loading and unload- unloading equipment, .
. vessel container volume
ing e.g. gantry cranes or is laree
straddle carriers 8
.. . Inadequate configura-
Storage Limited space in storage tion, unexpected moves,

labor shortage

Customs inspection

Customs checks prevent
quick and efficient pro-
cessing of cargo

Enhanced security
measures

Hinterland loading
and unloading

Gate system capacity
limitations

Intermodal transporta-
tion mode change from
truck to vessel or vice
versa

Hinterland connec-
tions

Excessive capacity utili-
zation, insufficient port
connection infrastruc-
ture

Inefficient organizing of
non-port bound traffic
creates congestion, espe-
cially in cases of truck
use

Figure 4: Places and possible causes of congestion near ports (Meersman,
Van de Voorde and Vanelslander, 2012)
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Recent voyage data indicates that ports have contributed to the increase in
trade frictions globally since the beginning of COVID-19 pandemic (Ko-
maromi et al., 2022). This raises total costs, as port activity represents a rel-
atively large share in the total chain cost and may imply significant time loss
for shipping companies (Meersman, Van de Voorde & Vanelslander, 2012).
Extensions in deliveries are ultimately felt by customers due to the ripple ef-
fect of congestion costs. Congestion costs consist of time loss, extra fuel con-
sumption, greater inconvenience and accidents (Meersman, Van de Voorde
and Vanelslander, 2012). In practice, monitoring effects of each bottleneck
within a seaport is almost impossible, much less enforcing appropriate con-
gestion fees (Blauwens, De Baere and Van de Voorde, 2010, cited in Meers-
man, Van de Voorde and Vanelslander, 2012). Some research on cost effects
has however been made. According to Komaromi et al. (2022), for the aver-
age shipment, 1,5 additional days in sea transit for was comparable to an ad-
valorem tariff of 0.9 to 3.1 percent in December 2021. Shipping companies
typically turn this additional cost into a seasonal Port Congestion Surcharge
(PSC), which then raises transportation costs for ordering companies.

3.4.3 Disruptions — Case Ever Given

Containerized maritime shipping industry is subject to random disruptions
and failures, which can significantly impact global supply chains and cause
uncertainty within companies. These disruptions can occur anywhere in a
supply chain but are especially suffered from in the worst bottlenecks, such
as canals and straits. World canals play a crucial role in world trade, with the
Suez Canal being one of the most significant especially for transporting nat-
ural gas, cargo and oil. In 2020, the usage of the canal amounted to approxi-
mately 19,000 ships annually with a net tonnage of 1.17 billion tonnes (Lee
and Wong, 2021). Today, the canal is estimated to carry from 12% (Guo et al.,
2022, cited in Wan et al., 2023) up to 13.5% of world’s freight (Cecere, 2021,
cited in Lee and Wong, 2021). These nodes serve as vital nodes in the global
shipping network but are often subject to disruptions, such as blockages, ge-
opolitical risks, armed conflicts and piracy (Wan et al., 2023). An example of
such disruption is the Suez Canal incident.

On 23 March 2021, the Suez Canal was blocked by the container ship ‘Ever
Given’, carrying 18,300 containers (Leivestad, 2022), which affected over
400 vessels scheduled to pass through (Lee and Wong, 2021). The estimated
financial impact of the blockage is estimated to be between $15 and $17 bil-
lion US dollars (Lee and Wong, 2021) with companies relying on few big an-
nual orders being affected the most. For example, the U.K. retailer Snuggy
reported having over $550,000 worth of hooded wearable blankets on board
of Ever Given, highlighting a significant financial setback (Leivestad, 2022).
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Overall, the effects were felt worldwide but had notable geographical varia-
tion.

Metric analysis of unweighted network conducted by Wan et al. (2023), an-
alysed the impact of the blockage on continents and the overall shipping net-
work based on port metrics. The research claims that Africa experienced the
most significant average change in each metric, as the operation of the canal
is crucial to the continent. Due to recent increase in freight rates and safety
concerns of Somali pirates, shipping companies have considered opening al-
ternative routes to the Suez Canal, such as the Arctic and Cape routes, which
could ease Africa’s dependence on the Suez Canal in the future (Wan et al.,
2023). Effect on European ports was, however, smaller, as European coun-
tries tend to have a stable shipping system and diversified transportation
methods (Wan et al., 2023). The countries affected the most were all located
on the coast of Mediterranean Sea, as these countries are heavily dependent
on the Suez Canal (Wan et al., 2023). Similarly, Semporna Port in Malaysia
and the Port of Dubai in Saudi Arabia, the nodes with the greatest changes in
clustering coefficients and the largest decrease in degree value, are situated
along the same bottleneck in the Mediterranean Sea, East Africa and West
Asia (Wan et al., 2023).

Stability of the Suez Canal promotes more effective connections between
shipping nodes and reduces the number of futile cargo transfers (Wan et al.,
2023). It was, after all, noted that as distance of port from the canal increases,
the impact on other countries’ transit function decreases, which conforms to
the law of distance attenuation (Zhang et al. 2021, cited in Wan et al., 2023).
It was also highlighted by Wan et al. (2023) that container transport was the
most affected by the blockage effects out of all shipping types. In conclusion,
the incident exposed the vulnerability of marine supply chains which further
emphasizes the need for risk management and control of the whole global
supply chain (Wan et al., 2023).

3.5 Maritime Supply Chain Risk Management

In the post COVID-19 era, changed global trade patterns, intensification of
anti-globalization and geopolitical conflicts put great pressure on the mari-
time supply chain (Liu, Wu and Gong, 2023). However, a reliable freight
transport system is crucial in the modern economy, according to Lam and Su
(2015). Climate change, oil spills, security threats and political instabilities
have been increasing concerns in recent years. Thus, phenomena such as port
disruptions should be addressed with appropriate attention. With substantial
increase in trade volume in Asia, there is a pressing need for comprehensive
supply chain risk management assessment that is not only tailored to this
region but also considers the global context (Lam and Su, 2015). Both
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preventive and reactive measures in mitigation strategies have been pro-
posed by supply chain managers, shipping companies and port operators.
(Lam and Su, 2015).

Disruption and delay risks ought to be assessed and reacted to with variative
measures. According to Lam and Su (2015), with risks that require loss miti-
gation have a low likelihood but high severity, focus should be on minimising
the impact of the disruption. Disruptions, such as Ever Given canal blockage
or natural disasters, fall under that category. Lam and Su (2015) propose
warning systems and increasing visibility as an effective strategy for mitigat-
ing the risks. Port operators and other stakeholders should promptly share
relevant information about the disruption with the appropriate entities. Ad-
ditionally, visibility of the upstream to the downstream compliments a robust
warning system. In collaboration, these factors enable downstream stake-
holders to react quickly and implement contingency measures (Lam and Su,
2015). According to Lam and Su (2015), the trade-off between cost and sav-
ings should be considered before implementing warning systems, as the cost
of achieving visibility may be bigger than cost of disruption.

Besides damages and financial losses, disruptions and delays may have a
long-term effect on a port’s future performance (Tang, 2006, cited in Lam
and Su, 2015). For example, canal blockage impacts differ based on geo-
graphical location of the port, port type and the primary goods transported
through. Port management companies should adjust emergency plans to bet-
ter equip to their specific circumstances. (Wan et al., 2023). Additionally,
port operators and government officials should invest into maritime infra-
structure improvement and automation, as it is shown to be amongst the best
practices in mitigating harmful impacts (Liu, Wu and Gong. 2023).

Similarly, Lam and Su (2015) propose strategic alliances between nearby
ports to assist each other in times of conflict. Similarly, Notteboom, Pallis
and Rodrigue (2021) suggest that joint capacity management through alli-
ances is a robust resilience strategy to mitigate disruptions. Furthermore,
Liu, Wu and Gong (2023) suggest that merger and acquisition maintains the
stability of partnerships. In practice, in case of a disruption at port A, vessels
could be redirected to port B where they would be unloaded and transported
to consignees. For instance, this strategy was illustrated in practice in Cali-
fornia during February 2021, when congestion at Los Angeles and Long
Beach ports was so severe that containerships offloaded containers im-
promptu at Oakland, 600km to the north (Chambers, 2021b, cited in Culli-
nane and Haralambides, 2021).

However, strategic alliances have certain restrictions. In a feasible strategic
alliance, ports should have a strong trust and ought to be located under the
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same entity in the same country. The network should also be wide and co-
operation long-term by its nature (Liu, Wu and Gong, 2023). Additionally,
redirecting vessels to ports elsewhere may not be realistic as calling at ports
is a decision made by the Ship Master and shipping companies (Lam and Su,
2015) and they tend to worsen the problem rather than solving it (Chou,
Fang, 2021, cited in Cullinane and Haralambides, 2021). Furthermore, Liu,
Wu and Gong (2023) propose more managerial implications for maritime
enterprise managers, which include business consolidation through cross
shareholding and developing digital platforms for enhancing transparency,
traceability and visibility of supply chain.

Shipping lines have developed several operational and strategic practices for
risk prevention, such as excluding ports from sailing schedules or blank sail-
ing of all ports (Notteboom, Pallis and Rodrigue, 2021, cited in Toygar, Yild-
irim and Inegol, 2022). According to a SWARA-ARAS study on solving con-
tainer shortages conducted by Toygar, Yildirim and Inegél (2022), on com-
pany level, the most effective method to solve the container shortage problem
is to use the shipping guarantee booking application, which protects the ship-
ment from any rollovers (Hapag-Lloyd, n.d). This method contributes signif-
icantly to reducing storage costs and eliminating the unavailability problem
of free space on container vessels (Menhat et al., 2021, Cullinane and Har-
alambides, 2021, cited in Toygar, Yildirim and Inegél, 2022). Within carriers,
empty container repositioning optimization ought to be considered as well,
both regionally between seaports and hinterland storages, and globally.

Additionally, co-operation between carriers to optimize the movement of
empty containers could be considered (Braekers, Janssens and Caris (2011).
Besides enhancing port operations and processes related, many shipping
lines have chosen to expand their horizontal and vertical integration (Toygar,
Yildirim and Inegol, 2022). The study conducted by Toygar, Yildirim and
Inegol (2022) also suggests utilizing information communication technolo-
gies, shipper owned containers, inducement calls and end-to-end (E2E) de-
livery services and enhancing inland transport, warehousing and customs in
addition to container transportation services.

Container shipping industry is capital-intensive, with assets being either
owned or leased, therefore making asset management the key component of
the operational success of shipping companies (Notteboom, Pallis and Ro-
drigue, 2021). However, fleet capacity management is very complex by its
nature, making it difficult to react effectively to structure-related shocks.
Thus, learning from past disruptions and delays is crucial. According to Yang
et al. (2019) cited in Notteboom, Pallis and Rodrigue (2021), shipping com-
panies are keen on developing technological and process-driven solutions to
create resilient shipping. Despite active research, resilience remains a core
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problem for the global shipping industry (Notteboom, Pallis and Rodrigue,
2021). However, shipping lines, terminal operators and ports have all re-
ported an increased resilience due to the active research of risks after the fi-
nancial crisis of 2008-2009 and the organizational changes in the industry
(Notteboom, Pallis and Rodrigue, 2021). The research conducted by Notte-
boom, Pallis and Rodrigue (2021) confirm that each crisis stands as a base
for structural changes and an opportunity for further improvements.

Companies and supply chain managers are also able to prepare and enhance
their risk management strategies to mitigate losses from disruptions and de-
lays. According to Liu, Wu and Gong (2023), the impact of the coronavirus
has not yet decreased and companies that have not recovered from prior dis-
ruptions need to continually adjust their operations to adapt to the new nor-
mal (Bathke et al., 2022; Jiang et al., 2021). In other words, companies need
to develop their Supply Chain Resilience (SCRES). SCRES enables firms to
anticipate probable disruptions and effectively handle these contingencies
and recover from them (Liu, Wu and Gong, 2023). According to Liu, Wu and
Gong (2023), the most effective resilience-building practices in SCRES are
information sharing, cross-functional coordination and risk management.
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4 Discussion and Conclusions

This section presents the key findings of the thesis and discusses their impli-
cations for practice and potential directions for future research. The thesis
identified the critical role of standardized shipping containers in facilitating
modern global trade and addressed the current issues related to transporting
containerized goods. Globally, companies, port operators and shipping lines
suffer from transportation delays caused by limited container availability and
port congestion, which emphasizes the need for better risk management both
within supply chains and maritime industry. In addressing these problems,
the thesis identified several strategies and initiatives to enhance maritime ef-
ficiency and mitigate risks related to containerized maritime shipping.

The answer to the thesis’s first research question: “What is the significance
of standardized containers in facilitating global trade and how have they
transformed shipping practices and international supply chains?” was
found in sections 3.1, 3.2 and 3.3. The thesis thoroughly presented the history
of the modern shipping container and the key milestones in how it trans-
formed maritime logistics.

Before the innovation of the shipping container, most goods were trans-
ported by water using the break bulk method, which was time-consuming,
labour intensive and above all, expensive. Efforts to address the issues began
as early as the 18t century, resulting in the development of early container
prototypes. The handling of early containers was, however, inefficient and
often exacerbating the issue instead of solving it. Following World War II, as
global trade resumed, it was the innovation of the intermodal shipping con-
tainer that revolutionized the industry. Due to the innovation of the stand-
ardized container, selling internationally became worthwhile in terms of
costs and time, which further enabled globalization. Additionally, companies
could now reduce costs by importing cheaper materials from the other side
of the world, laying the groundwork for today’s lengthy supply chains.

It wasn’t merely the innovation of the modern shipping container that
changed the world but rather the process of its standardization. Companies
and shipping lines could now leverage the economies of scale by transporting
uniform containers on purpose-built vessels, which could then be seamlessly
transferred to trucks and trains. This marked the advent of intermodal
transport. In summary, the standard shipping container made the world
smaller while expanding the global economy on an unprecedented scale.

The thesis found significant insights to the second research question: “How
do delays and disruptions affect containerized maritime logistics as a
means of transporting materials and goods within international supply
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chains?” in section 3.4. It was found that trade effects and losses can get
significant due to supply chain disruptions, not only amongst companies re-
lying on few big annual orders, but also on the state level considering imports
and exports. Supply chain disruptions are often caused by faults in port ac-
tivity. Ports are key players in maritime supply chains but often suffer from
random shocks and delays, thus significantly contributing to the recent in-
crease in trade frictions globally. These trade frictions can include port con-
gestion and container shortages, which, as they become more common, cre-
ate a multiplier effect that further worsens the performance of the port.

It was also found that it is not only the activity within the port, for example
cargo processing, that may cause congestion but also the related activities
with. Even though most port congestion, for instance, generates in container
terminals, it can be caused by slowdowns in hinterland transport as well. Ad-
ditionally, there appears to be geographical variation in severity of these
risks. It was noted that effects of disruptions on European ports have been
smaller due to European countries having more stable shipping systems and
more diverse transportation methods, which benefits European companies.
The countries located amongst the world’s biggest maritime pathways such
as the Suez Canal are, however, most affected as they rely heavily on the main
waterways and take a hit when risks realize. In conclusion, with the COVID-
19 pandemic and its effects on global supply chains, it is evident that today’s
maritime supply chains are vulnerable, which emphasizes the need for fur-
ther risk management procedures.

The third research question: “What strategies can be implemented to miti-
gate risks in maritime shipping and improve the industry?” was addressed
in section 3.5. The thesis examined risk management on three levels: supply
chain managers, maritime enterprise owners and port operators. Both pre-
ventive and reactive measures were studied. On port level management, op-
erator and government investments into infrastructure and automation were
proposed, as they were shown to be effective in enhancing operations, thus
mitigating risks. Additionally, joint capacity management through alliances,
for instance an agreement between nearby ports, was proven to be a compe-
tent resilience strategy.

The studies proposed multiple effective risk management strategies for ship-
ping lines, such as developing digital platforms, broadening services and im-
proving information flow. These are not only effective customer experience
management strategies but are also proven to alleviate losses from realized
risks.

Two risk mitigation strategies that involved all stakeholders were achieving
more robust visibility and learning from past disruptions and delays.
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Shipping lines, container terminal operators and ports all reported increased
resilience due to the rediscovery of risks after the financial crisis of 2008-
2009 and further studies confirmed that crises stand as a base for further
improvements in risk management.

The studies proposed SCRES as a robust strategy for supply chain managers
to anticipate probable disruptions and effectively recover from them. For
supply chain managers, understanding the market and disruptions is also the
key for building a successful SCRES strategy. Improving strategy becomes
more straightforward when there is better visibility into the supply chain.
Yet, it was noted that the trade-off between costs and potential savings from
implementing warning systems, for instance, is a key consideration for port
operators and shipping companies, which could hinder achieving full visibil-
ity within the supply chain and transport operations.

4.1 Practical Implications

The findings of this thesis provide significant insights for supply chain man-
agement for all stakeholders. Despite remarkable challenges in managing
risks in a volatile and vulnerable industry, implications for change have been
proposed. At first, supply chain management should consider updating and
adapting their SCRES strategy to address challenges and enhance recovering
from losses. SCRES strategy could be improved by re-evaluating shipping
line choices, expanding the supply base and demanding better visibility.
Companies ought to choose shipping lines with the best digital develop-
ments, as it is proven to enhance transparency, traceability and visibility of
supply chain, thus making supply chain management more efficient. Fur-
thermore, in case of transportation delays, a wide scope of additional services
improves customer satisfaction and balances the complexity of SCMR.

Secondly, managers should consider diversifying the supply base by selecting
suppliers from a variety of countries or, at the very least, from various regions
within a single country. This approach helps ensure a more stable supply in
case of disruptions such as severe port congestion or prolonged container
shortages. Additionally, it is advisable to place continuous small batch orders
rather than relying on few big annual orders as companies dependent on the
latter are more affected by disruptions. If no financial constraints occur,
choosing more local suppliers can further enhance supply chain resilience.
On strategic level, managers should focus on loss mitigation rather than
solely focus on preventing risks upfront. In the modern VUCA world, where
everything affects everything, focusing on alleviating the losses of realized
risks instead of aiming to impose preventive measures is a winning strategy.
To overcome challenges related to operational risks, maritime enterprises
and port operators should consider joining alliances by closing co-operation
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agreements. These will ensure port operability during crises as enhanced in-
formation sharing and cross-functional coordination are especially effective
in alleviating risks. Investing into infrastructure by government officials is
also noteworthy but may be a difficult measure to execute during weak eco-
nomic times.

4.2 Limitations and Future Research

This study is subject to limitations, some of which include exclusion of con-
ference proceedings and dissertations. The thesis attempts to capture the
current outlook of the maritime logistics literature, but more studies and ap-
proaches may arise in the future.

Following the substantial effects of the global pandemic, both the industry
and the world economy are entering a new phase. Clear objectives exist to
reduce the risks with supply chains, such as reducing the distance in trading.
If this were to emerge as the new normal, the negative impacts on the trans-
portation industry would be too obvious. The trend of anti-globalization sen-
timents is especially interesting the world seems to currently enter yet an-
other Trump administration. As stated previously, container shortages often
arise from the imbalances between supply and demand; for instance, when
China exports significantly more goods to the U.S. than it imports back. For-
mer President Donald Trump was a strong advocate for protectionist trade
policies, including tariffs, especially targeting trade with China. As the U.S. is
the largest destination for Chinese exports, economic restrictions and sanc-
tions could substantially lower export volumes. This trajectory could, how-
ever, alleviate the container shortage problem by making containers availa-
ble for other trade routes while also reducing the need to ship containers
empty back to China.

Other research interests include port competitiveness and optimization of lo-
gistics processes, which aim to enhance port efficiency (Alzate et al., 2024).
This research would be crucial in terms of the effective operational capacity
of ports, which tend to be the worst bottlenecks within supply chains. More-
over, despite the apparent connections between ports and trade frictions, re-
search lacks studies on how investments on infrastructure could enhance
port operations. Recently, the focus of interest has shifted from e.g. environ-
mental performance to port and ship operations (Giilmez, Denktas Sakar and
Bastug, 2021). This will most likely continue attracting scholars in the near
future. Additionally, Gililmez, Denktas Sakar and Bastug (2021) propose con-
sidering hinterland logistics as a theme of research due to its connections
with other clusters. This can guide ports, logistics service operators and ship-
ping lines collectively. Despite challenges, the future of containerized mari-
time transportation is looking bright.
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