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SUMMARY

This thesis explores the importance of dry docking in the marine industry, focusing on its
procedures and benefits for vessels and stakeholders. Dry docking involves temporarily
removing a vessel from water to facilitate maintenance, repairs, or inspections. The process
includes pre-docking preparations, docking procedures, drainage and stabilization,

maintenance, repairs, and inspection, and refloating and undocking processes.

Dry docking offers several advantages, including improved safety measures, early detection
of potential issues, enhanced performance and efficiency analysis, compliance with
regulatory standards, and the relationship between longevity and value preservation. Early
detection of potential problems and damages helps prevent future complications. Regular
upkeep of submerged components enhances vessel performance, while adhering to maritime

legislation ensures compliance with safety and environmental regulations.

Regular maintenance on a vessel prolongs its operating lifespan, safeguarding its economic

worth. Identifying small flaws before they escalate can mitigate long-term repair costs.

In conclusion, dry docking is crucial for ensuring the safety, efficiency, and durability of
maritime vessels. It offers numerous advantages across various dimensions, including safety,
economic benefits, environmental considerations, and regulatory compliance. These benefits
highlight the vital role that the procedure plays in the maritime industry. The thesis provides a
concise overview of the overarching thesis on dry docking, emphasizing the fundamental
aspects of operations and their associated benefits.
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Chapter 1. Introduction to dry docking

Dry docking is the process of taking a ship out of the water to inspect, repair, and maintain its
hull and other submerged parts. Dry docking is a crucial procedure for ensuring the
seaworthiness and longevity of a vessel. By periodically removing a ship from the water,
engineers and technicians can thoroughly inspect the hull for damage, corrosion, and
biofouling. This process also allows for essential maintenance and repair work to be carried
out on the ship's underwater components, such as propellers, rudders, and sea chests. Dry
docking is vital for the efficient and sustainable operation of shipping (Hsu, 2014).

The importance of dry docking cannot be overstated, as it directly impacts the safety,
efficiency, and operational effectiveness of the vessel. Regular dry docking helps to prevent
structural deterioration, maintain hydrodynamic performance, and ensures compliance with

classification society requirements and international maritime regulations (Bosneagu, 2018).

The concept of dry-docking dates back to ancient times, with evidence of early dry dock
facilities found in civilizations such as the Greeks, Romans, and Phoenicians. These early dry
docks were often simple structures designed to support and protect vessels during maintenance
and repair. Over time, dry docking techniques and facilities have evolved significantly,
incorporating advanced technologies and engineering practices to accommodate larger and

more complex vessels (Butler, 2012).
1.1 Definition and explanation of dry docking

Dry docking is a vital process in the maritime industry that involves bringing a ship into a dry
dock for inspection, maintenance, and repairs. The procedure is essential for ensuring the
integrity and seaworthiness of the vessel (Butler, 2012). Dry docking begins with the ship being
carefully maneuvered into the dry dock, which is then sealed off from the surrounding water.
Once the dry dock is drained, the ship is secured in place, allowing maritime professionals to
access the submerged parts of the vessel for thorough inspection and maintenance (Butler,
2012).



The process of removing a ship or boat from the water to make repairs, perform maintenance,
or inspect it in a way that cannot be done while the vessel is moving through the water is
referred to as dry docking. This practice facilitates the evaluation of the submerged parts of the
ship, allowing for a more thorough investigation and the identification and resolution of any
potential issues or indicators of deterioration (Clark, 2011). During dry docking, the ship's hull
is carefully examined for signs of damage, corrosion, or other issues that may compromise its
structural integrity. Any necessary repairs or maintenance work, such as repainting,
replacement of sacrificial anodes, and cleaning or replacement of propellers, can be carried out
while the ship is out of the water (Butler, 2012).

There are several distinct categories of dry docks, each characterized by unique qualities and
functions (Benford, 1991). The term "graving dock™ refers to a building, often made of
concrete, used to describe a stationary form of dock. After the ship arrives, the water is drained,
and the ship is positioned and placed on blocks to achieve stability (Fossen, 2011). A floating
dock is a U-shaped underwater structure. After the vessel has been maneuvered into place
within the dock, the de-ballasting procedure begins to raise the vessel above the surrounding
water. A synchro lift is a platform with an elevator mechanism that raises the vessel above

water by coordinating winches (Fossen, 2011).

The process of docking a vessel at a dry dock facility follows a series of methodical procedures,
collectively known as dry docking procedures. Pre-docking surveys are carried out, and a
docking strategy is created as part of standard operating procedure (Zadeh & Zhang, 2006).
Docking requires the vessel to be guided into the dry dock with tugboats or using its own
propulsion system, after which it is aligned with the keel blocks (Fossen, 2011). The process
of draining the dock involves closing the dock gates and pumping out the water, exposing the
hull. It is necessary to distribute the ship's weight evenly across the keel blocks to avoid any

movement, with supplementary supports sometimes used to ensure stability (Fossen, 2011).

The primary goal of dry docking is to provide an environment conducive to inspections, repairs,
and maintenance. This includes cleaning the hull, conducting inspections, painting the ship,
repairing structures, and overhauling machinery (Fossen, 2011). To refloat the ship after these
activities, the dock is flooded, and the vessel is prepared for undocking and the resumption of

normal operations.



Dry docking, also known as scheduled dry docking, is a common practice in both commercial
and military marine operations. Vessels undergo scheduled maintenance and repair work at
predetermined intervals, typically ranging from two to five years, to ensure the vessel's
structural integrity, safety, and efficiency (Clark, 2011). This regular upkeep ensures the

vessel’s longevity and operational effectiveness over time.

The benefits of dry docking include early detection of potential weaknesses in safety and
inspection systems, which can prevent more serious issues in the future. Maintenance work on
a vessel's underwater components is more straightforward during dry docking, increasing the
vessel's overall longevity. Additionally, the reduction of marine vegetation improves the fuel
efficiency and speed of vessels used in marine transportation (Johnson, 2000). To ensure
compliance with various safety and environmental regulations, periodic inspections and

maintenance duties are imposed on ships by marine bodies.

1.2 Importance and purpose of dry docking in the maritime industry

The importance and purpose of dry docking in the maritime industry are multifaceted. Firstly,
dry docking is essential for ensuring the safety and seaworthiness of vessels. Through thorough
inspections and maintenance, potential issues and defects can be identified and rectified,
thereby reducing the risk of accidents or failures at sea. Additionally, dry docking allows for
the implementation of necessary repairs and upgrades to improve the vessel's performance and
efficiency (Eruguz et al., 2017). Furthermore, dry docking plays a crucial role in maintaining
the operational efficiency of ships. Regular maintenance and repairs, including hull cleaning
and propeller polishing, help to optimize the vessel's hydrodynamic performance, resulting in

improved fuel efficiency and overall operational effectiveness (Butler, 2012).

Dry docking is a crucial procedure that is vital for ensuring the safety, efficiency, and longevity
of a ship by allowing easy access to the submerged parts of the vessel. Dry docking is
commonly performed at a specialized facility called a dry dock, specifically designed to
accommodate the vessel and create a controlled environment for the required tasks. The
procedure entails the removal of water from the dock, enabling the vessel to be supported or
elevated on blocks, and establishing a desiccated operational zone in its vicinity. This allows
for comprehensive examinations and maintenance to be carried out on the hull, propellers, and

other submerged elements of the vessel (Stopford, 2009).
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The origins of dry docking can be traced back to ancient civilizations, where basic dry docks

were used for the building and upkeep of ships. Throughout the ages, there has been a

noticeable advancement in the methods and technology used, but the fundamental premise has

remained unchanged: the act of removing a vessel from its natural environment for the purpose

of examination and maintenance (Hayler & Keever, 2003).

The significance of dry docking in maritime operations is of utmost importance.

1. Ensuring Safety: Regular inspections conducted during dry docking operations can

detect any structural or mechanical abnormalities that may jeopardize the safety of the
ship and its crew. By promptly addressing these difficulties, maritime personnel can
efficiently prevent future accidents or disasters.

Regulatory Compliance: The maritime industry is required to strictly follow rigorous
international and domestic rules. Regular inspections and maintenance are necessary
for authoritative agencies like the International Maritime Organization (IMO) to uphold
environmental and operational safety standards. Dry docking is essential for ensuring

that vessels meet these criteria.

. Vessel Durability: Like other mechanical systems, ships are susceptible to the effects

of deterioration and usage. Dry docking enables the practice of routine maintenance,
which in turn allows for a significant extension of a vessel's operating lifespan and
improves the return on investment.

Enhancing Operational Efficiency: As time passes, marine organisms like barnacles
and algae can accumulate on the ship's hull, impacting its hydrodynamic properties and
causing higher fuel usage. Dry docking presents a substantial opportunity to
meticulously cleanse the hull and apply anti-fouling coatings, thereby maximizing the

vessel's performance.

Dry docking primarily aims to provide a controlled and secure environment for ships and other

watercraft to undertake maintenance, repair, and inspection procedures (Ghose & Gokarn,

2004).

11

1. Thorough Assessment: Dry docking facilitates a comprehensive examination of a ship's

structural elements, such as its hull, propellers, and rudders. This facilitates the

identification of regions that necessitate prompt attention.



2. Repairs and Overhauls: Dry docking offers a solution for addressing various
maintenance requirements, such as minor damages, extensive overhauls, mechanical
fixes, replacement of impaired components, and correction of structural flaws.

3. Regular Maintenance: In addition to repairs, regular maintenance is necessary for ships.
This includes tasks such as painting, cleaning, and servicing of equipment. Dry docking
offers an optimal environment for carrying out these procedures.

4. Upgrades and Retrofitting: Due to the ongoing advancement of technology, maritime
vessels frequently require various enhancements, such as the incorporation of cutting-
edge navigation systems or the adoption of more efficient engines. Dry docking enables

the fulfillment of these procedures without obstacles.

Modern dry-docking facilities offer a wide range of services, with several types of dry docks
available to accommodate different ship sizes and specialized functions (Ghose & Gokarn,
2004).

1. Graving Dock: A graving dock is a permanent structure designed to facilitate the
process of removing water from a vessel, thereby exposing the hull.

2. Floating Dock: A floating dock is a portable structure that can be submerged to increase
the buoyancy of a vessel and then raised to lift the vessel out of the water.

3. Syncrolift: This is an advanced mechanism that employs a platform and lifting device
to elevate waterborne vessels, enabling the efficient repair of multiple vessels on dry

ground at the same time.

Dry docking is a vital technique in marine operations, playing a significant role in preserving

the overall health and efficiency of the global fleet.

1.3 Historical background and evolution of dry docking

Dry docking has evolved significantly over time, from the rudimentary facilities of ancient
civilizations to the modern, technologically advanced dry docks of today. Early dry docks were
relatively basic structures, providing a solid platform for vessels to undergo maintenance and
repairs while out of the water. These facilities were crucial for supporting maritime trade and

naval activities by enabling ships to be kept in optimal condition (Cai et al., 2013).
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As maritime trade and shipbuilding progressed, dry docking techniques and facilities also
advanced. The use of steel and concrete structures transformed the construction of dry docks,
enabling them to handle larger and heavier vessels. Additionally, the incorporation of hydraulic
and pumping systems streamlined the process of draining dry docks and positioning ships with

increased accuracy and efficiency.

The historical epoch often known as the Middle Ages, which extended from the 5th to the 15th
century, occurred after the decline of the Western Roman Empire and before the Renaissance.
This period was marked by feudalism, ecclesiastical authority, and notable societal and
political transformations. During this time, Europe experienced notable progress in the
construction of dockyards, particularly in coastal fortresses like England and Spain. The
increase in wooden lock gates at naval shipyards led to augmented utilization of dry docks.
These advancements in dockyard construction significantly bolstered the expansion of
maritime commerce and naval dominance in Europe throughout the Middle Ages. Moreover,
these developments stimulated technological breakthroughs in shipbuilding methodologies,

resulting in the fabrication of larger and more effective watercraft (Milne, 2014).

The Importance of Venice's Arsenal in Historical Context: The Arsenal, a renowned
establishment in Venice with a history dating back to the 12th century, evolved into a
prominent hub for maritime pursuits and boasted vast dry-docking facilities. The Arsenal
gained extensive acclaim for its great proficiency, consistently meeting deadlines in the
construction of naval vessels for military operations. As a result, Venice emerged as a central
hub for pioneering advancements in naval technology, exerting a pivotal influence on naval
combat techniques throughout that era. The Arsenal's influence on Venice's economy and
military prowess was significant, consolidating the city’s position as a preeminent naval power

in the Mediterranean (Paine, 2013).

The Industrial Revolution, which occurred from the late 18th century to the early 19th century,
marked a period of swift industrialization. This period saw a notable transition from manual
labor to mechanized manufacturing, leading to technological progress and the emergence of
novel industries. The advent of steam power, including steam-powered pumps, played a crucial
role in enhancing the efficiency of dry docks. A significant shift occurred from using wooden
gates to iron and steel gates, enhancing the durability and operational capability of dry docks.

These materials improved accuracy in gate construction, which led to better regulation of water
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flow and fewer instances of leakage. Consequently, dry docks became more dependable and
effective during this era (Glete, 1993).

The expansion of international trade networks during the 20th century necessitated the
construction of bigger and more technologically sophisticated dry docks to accommodate
larger, more intricate ships. During this period, dry docks saw significant advancements with
the implementation of technologies such as hydraulic systems and automated machinery. These
technological breakthroughs enhanced the effectiveness and output of dry docks, allowing for
faster ship repairs and upkeep. Additionally, the progress in hydraulic systems and automated
machinery resulted in enhanced safety protocols, reducing the likelihood of accidents and
injuries among workers. This transformation rendered dry docks indispensable for the

maintenance and service of ships of all sizes.

Technological Advancements in Dry Docking Systems: Over the 20th century, significant
developments occurred in the dry-docking sector, such as the implementation of ship lifts,
Syncrolift systems, and floating dry docks. These innovations provided greater flexibility in
choosing dry dock locations for ships and facilitated the maintenance of a larger fleet of naval
vessels. They also enhanced the speed and efficiency of dry-docking procedures, reducing ship
inactivity and augmenting overall productivity in ship repair and service. Moreover, these
advancements led to improved safety protocols and greater environmental sustainability in dry
docking operations. The use of automation and computerized systems for operations such as
painting and blasting further increased precision and productivity, reducing the possibility of

human error and enhancing safety protocols (Castells & Hall, 1994).

The modern society we live in today has been shaped by several socioeconomic advances,
technical improvements, and cultural upheavals. These advancements have transformed not
only the dry-docking industry but also other sectors, including manufacturing and
transportation. The use of cutting-edge technology has enhanced the efficiency, cost-
effectiveness, and environmental sustainability of dry docking, facilitating the advancement of

global industries.

Currently, modern dry docks have the capacity to accommodate a wide variety of vessels,
including sophisticated naval battleships, large cargo ships, oil tankers, and submarines. The
cruise industry’s growth has also increased the demand for larger dry-docking facilities. As a

result, dry docks have undergone necessary adjustments and expansions to accommodate these
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enormous vessels. Large dry docks can now service multiple ships simultaneously, including
battleships, large cargo vessels, oil tankers, and submarines. This ongoing growth of the

maritime industry drives the demand for such extensive facilities (Alderton, 2005).

The historical background and evolution of dry docking reflect the maritime industry’s
commitment to safety, efficiency, and sustainability. These advancements exemplify the
continuous efforts to enhance vessel maintenance and repair capabilities. As technological
innovation progresses, further advancements in dry docking are expected, streamlining

processes and raising standards for vessel maintenance and repair.
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Chapter 2: Process and procedures of dry docking

2.1 Pre-docking preparations and inspections

To ensure the dry docking of a ship goes off without a hitch while maintaining a high degree
of safety and economic feasibility, thorough preparations and inspections must be made
beforehand. The phase of detailed planning is crucial to minimizing disruptions to operational
flow and speeding up the process of restoring the vessel's capabilities. In this stage, the
availability of materials and trained personnel are taken into account as decisions are made on
when to perform necessary repairs and maintenance. During dry docking, all of the ship's
systems and structures are evaluated and fixed, therefore a complete checklist is made to ensure
nothing is missed. This level of preparation allows for the greatest possible efficiency and the
least possible number of difficulties throughout the procedure (Butler, 2002).

Before a ship may enter dry docking, it must first pass a series of inspections known as pre-
docking inspections. One sort of survey is called a subaquatic examination, and its primary
goal is to check the ship's underwater parts. This facilitates the identification of problem areas
and the fine-tuning of repairs during the dry-docking period. This check is vital because it can
reveal corrosion or fouling, two of the most common causes of underwater damage. A ship's
hull condition and the efficacy of its protective coatings can be evaluated by a subaquatic
inspection. This detailed check guarantees that all necessary repairs and maintenance may be

done while dry docking, limiting the potential for any issues (Winklareth, 2000).

The term "Hull Inspection™ is used to describe the practice of visually inspecting a ship's hull
for defects including dents, bulges, and other distortions that may necessitate repairs. Trained
professionals inspect the entire hull of the ship, above and below the waterline, as part of a
standard hull inspection. These checks are essential to keeping the ship seaworthy and

guaranteeing its safe operation.

A preliminary review of the ship's steering gear, propulsion system, and other necessary
machinery is part of the examination of the mechanical systems. This allows for the early
procurement of critically needed replacement parts. In addition, the mechanical systems can be
checked for any signs of trouble that could affect the ship's performance. By being proactive,
repairs or replacements can be made as needed, reducing the likelihood of problems during
travel and facilitating uninterrupted operations. This aids in the budgeting and planning of

necessary replacement parts, minimizing breakdowns and maximizing maintenance efficiency.
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Analyzing the Power Grid's Capabilities involves a thorough check of the ship's wiring,
lighting, and power distribution to ensure everything is working properly and identify any
problems that might need fixing during the dry-docking phase of the project. This evaluation
is essential for keeping everyone on board safe while at sea. If problems with the ship's
electricity are found ahead of time, they can be fixed without delaying the trip or causing any

disturbances.

To ensure the ship complies with regulations and that the safety gear on board is in working
order in the event of an emergency, it is necessary to conduct a thorough examination of all
safety equipment, including life rafts, fire extinguishers, and emergency alarms. This check is
essential for the well-being of the ship's crew and passengers. To ensure the safety gear is in
good working order and ready to respond to any emergency at sea, it must undergo rigorous

inspections, tests, and maintenance processes.

Proper documentation is essential to maintaining legal standards, especially in maritime
operations. Keeping detailed records of all inspections, tests, and maintenance activities is vital
for both reference and auditing purposes. Proper records allow for tracing the evolution of

safety gear and identifying potential areas for improvement.

Adherence to the Laws' Prescribed Standards ensures the availability of current certificates,
licenses, and regulatory documentation. Information about the regulations of the International
Maritime Organization (IMO) or national maritime agencies may be included. Compliance
with these regulations ensures legality and safety in the shipping industry, allowing inspections

and audits to be completed efficiently without interfering with regular operations.

Preparation is a key aspect of dry-docking operations. Through preliminary inspections and
evaluation of the vessel's specific needs, this research aims to define a clear and exact scope of
work. This requires meticulous planning and coordination to reduce potential downtime. A
thorough risk assessment will be carried out to identify and address any potential disruptions

that may occur, ensuring a smooth workflow (Winklareth, 2000).

A Timeline Projection ensures that the time in dry dock is used efficiently by creating a
sequential timeline for each task. Once the project's scope has been established, a sufficient
budget must be allocated to cover expected repairs, the purchase of components, labor costs,

and unforeseen events.
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It is also essential to do a comprehensive analysis of the workforce involved in the project. By
considering everyone's knowledge, experience, and availability, work may be divided up
efficiently. Positive work environments can be fostered by developing open communication

among the crew and workers.

Briefings ensure that all personnel involved in the dry-docking process understand their roles
and the precautions they must take. The leader of the project can hold regular briefings to cover
project objectives, timetables, and any special procedures or precautions. Allowing for

questions and clarification during briefings improves understanding and safety.

Tools and supplies used during the investigation must be tracked and archived. Regular

inspection and maintenance of these supplies ensure their reliability.

Proactive Procurement of Replacement Parts based on inspection results and future needs can
prevent delays in the dry-docking process. It is crucial to double-check the presence and

functionality of specialized equipment, like cutting-edge diagnostic tools.

Hazardous Materials Removal is critical before dry docking, including emptying or isolating
tanks that contain flammable or dangerous materials. Emergency Procedures should be
established for handling fires, floods, and the release of hazardous gases. Regular training

ensures that all employees understand these procedures.

The Distribution of Protective Gear, such as fire extinguishers, safety harnesses, and protective
clothing, is essential. Regular inspections and replacements ensure their availability and

functionality during emergencies.

Thorough planning can lessen the severity of issues, reduce unexpected costs, and prolong the
vessel's useful life. Accidents and injuries during docking can be minimized through safety
procedures and the provision of safety gear. Proper preparation before docking helps identify

potential obstacles and ensures the vessel's performance and longevity (Butler, 2002).

2.1.1 Timetable for Mandatory Inspections and Drydocking Intervals

The drydocking process adheres to strict guidelines set by classification societies and
international maritime regulations, ensuring the vessel's operational safety and regulatory
compliance. The frequency of drydockings and inspections varies depending on factors such

as the vessel's age, type, and the nature of its operations. Organizations like the International
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Maritime Organization (IMO), Lloyd's Register (LR), Det Norske Veritas (DNV), and the

American Bureau of Shipping (ABS) govern these inspections, requiring that ships undergo

periodic evaluations to ensure their structural integrity, safety, and environmental compliance.

Hull Inspection

Interval: Classification societies typically mandate hull inspections every 5 years during
a special survey. For older vessels (those over 10-15 years), intermediate surveys may
be required every 2.5 years to monitor hull integrity and mitigate the risks associated

with aging.

Description: The hull is the most critical structural component of a ship, responsible for
maintaining its buoyancy and overall stability. Inspections of the hull are crucial in
identifying the wear and tear resulting from continuous exposure to water and harsh

marine environments. These inspections involve both external and internal checks:

o External Inspection: Focuses on detecting corrosion, pitting, or structural
deformities. Ultrasonic thickness measurement (UTM), a non-destructive
testing method, often inspects ships to gauge the thickness of the hull plating,

particularly in areas vulnerable to corrosion.

o Internal Inspection: This includes checking internal compartments like double-
bottom tanks or ballast tanks to assess structural integrity. Inspectors look for

signs of cracking, fatigue, or damage to the anticorrosion coatings.

Regular hull inspections help prevent structural failure, reduce the risk of environmental

pollution, and maintain the ship's hydrodynamic performance, thus improving fuel efficiency.

Machinery and propulsion system inspections
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Interval: Depending on the vessel's age, type, and the classification society's
requirements, inspections of machinery, including propulsion systems, take place every
2 to 5 years. For older vessels or those with more demanding operations, the interval

tends to be shorter.

Description: The ship's propulsion system, which includes the engine, propellers,

shafts, and rudders, is essential for maneuverability and safe navigation. Regular



inspections of these components ensure the smooth operation of the vessel and prevent

costly breakdowns. Key aspects of this inspection include:

o

Engine Overhaul: Periodic disassembly and examination of the main engine,
including its pistons, valves, and cylinder liners. This process helps detect any

signs of excessive wear or damage.

Propeller Maintenance: We inspect propellers for cracks, cavitation damage, or
biofouling that could potentially affect their performance. You can perform

propeller polishing to reduce drag and enhance efficiency.

Shaft Alignment: We check the propulsion shaft's alignment with the engine
and propeller to prevent mechanical stress or vibrations that could cause damage

or inefficiency.

Rudder Inspection: This includes checking the rudder for corrosion or

mechanical wear that could hinder the vessel's steering capability.

Routine maintenance during these inspections enhances operational efficiency, reduces fuel

consumption, and minimizes the risk of breakdowns during voyages.

Tank Inspection
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« Interval: During a vessel's special survey, we schedule tank inspections every 5 years.

For vessels such as tankers carrying hazardous materials, intermediate inspections may

be required every 2.5 years to address heightened risks of leakage or contamination.

o Description: Tanks are a critical part of a ship’s structure, especially for vessels carrying

cargo, ballast water, fuel, or chemicals. The inspection focuses on ensuring the tanks

remain structurally sound and free from leaks. Specific types of tank inspections

include:

o

Ballast Tank Inspection: We inspect ballast tanks, which aid in ship
stabilization, for corrosion, leakage, and structural integrity. Ballast water's
corrosive nature necessitates frequent examination of tanks using techniques
like UTM and visual checks.



o

Ships carrying liquid cargo, such as oil or chemicals, undergo inspections of
their cargo tanks to check for corrosion, structural damage, and the integrity of
internal coatings. These inspections prevent leaks that could lead to

environmental hazards or financial losses.

Fuel Tank Inspection: We inspect these tanks for signs of water ingress,
microbial contamination, and damage to the protective coatings. Ensuring the
integrity of the fuel tanks is crucial to prevent contamination of the ship's fuel

supply and to avoid engine damage.

Tank inspections also ensure compliance with regulations such as the IMO’s Ballast Water

Management Convention and MARPOL, which aim to prevent environmental contamination

through ballast water discharge or tank leakage.

Electrical System and Safety Equipment Inspection
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Interval: Electrical systems and safety equipment are subject to annual inspections,

typically aligned with classification society rules and SOLAS (Safety of Life at Sea)

requirements.

Description: These inspections focus on the functionality of essential onboard systems

and life-saving equipment. Key components of the inspection include:

o

Electrical Systems: Inspections of electrical wiring, switchboards, and control
systems ensure that all critical electrical components are functioning properly.
This includes tests for circuit integrity, potential short circuits, and load capacity

checks.

Life-Saving Appliances: This includes testing lifeboats, life rafts, and other
emergency escape equipment to ensure they are operational and accessible in
case of emergency. Inspections also check for the correct stowage, proper
inflation systems, and the condition of the davit systems used to deploy

lifeboats.

Firefighting Equipment: Inspections ensure that firefighting systems, such as
fire extinguishers, sprinklers, and fire alarms, are fully operational. To comply

with SOLAS standards, we must replace or repair any defective equipment.



Ensuring that safety equipment is in excellent working order is vital for the safety of the crew

and passengers, especially in emergency situations.
Intermediate Surveys

o Interval: Intermediate surveys are required for vessels typically older than 10 to 15
years, with the inspections conducted midway between the special surveys, usually

every 2.5 years.

o Description: These surveys provide an additional layer of safety by examining the ship's

critical systems between major surveys. Intermediate surveys typically involve:

o Hull and Structural Integrity: These inspections concentrate on areas that are
susceptible to corrosion or damage, especially in vessels that are aging. These
inspections, while less intensive than full special surveys, are crucial in

preventing potential failures before the next drydock.

o Machinery Checks: Basic functionality checks for engines, pumps, and other
critical machinery, ensuring no major issues have developed since the last

survey.

o Safety Systems Inspection: Review of life-saving and firefighting equipment to

confirm they are still in operational condition.

Maintaining vessel safety requires intermediate surveys to address emerging issues before they

can lead to critical failures.

2.2 Ship lifting and transferring to dry dock

To ensure that dry docking goes off without a hitch and produces the desired results, careful
preparation is required beforehand. Pre-docking checks are carried out at this stage to assess
the ship's readiness for docking. Subsea inspection, hull inspection, mechanical system
inspection, electrical system evaluation, and safety equipment inspection are all part of these
checks. Any maintenance or fixes discovered during the pre-docking inspections can then be

planned accordingly. Conducting such an in-depth check allows the ship to enter the dry dock
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with confidence, ensuring that the docking process proceeds with minimal issues (Butler,
2002).

Several measures are taken to assess the ship's condition before docking. These include subsea
inspection, hull inspection, mechanical system evaluation, electrical system evaluation, and
safety equipment inspection. Reviewing maintenance records can help uncover patterns and
predict future issues, contributing to a proactive maintenance approach. Compliance with
regulatory requirements is also essential, as it determines the ease with which appropriate
certificates, licenses, and paperwork can be obtained. Regulatory compliance, including the
availability of required certifications and licenses, is crucial for ensuring that the vessel meets
industry standards and demonstrates the organization’s commitment to safety (Winklareth,

2000).

The planning phase includes determining the amount of time and money needed, as well as the
allocation of these resources. During dry docking, the crew and any passengers can expect
thorough inspections, briefings, and suitable accommodations. Materials and equipment are
also evaluated, and if new components are required, the sourcing process can begin. Certain
tasks may require specialized tools, such as advanced diagnostic equipment, which are essential
for conducting in-depth assessments and identifying problem areas or worn-out components.
During the dry dock period, the crew is trained to use this advanced diagnostic equipment,

ensuring precise diagnoses and timely repairs (Cai et al., 2013).

Safety measures involve the removal of hazardous substances, the establishment of emergency
procedures, and the availability of safety equipment. Hazardous materials must be separated or
removed prior to docking to minimize the risk of accidents. Emergency protocols for dealing
with potential disasters such as fires, floods, and gas leaks should be created and disseminated
to all personnel. Crew members should be trained in emergency response procedures and
participate in regular safety drills to ensure preparedness. Proper training and certification in
handling hazardous materials can reduce accidents during the dry dock period (Hayler &
Keever, 2003).

It is essential to have fire extinguishers, safety harnesses, and other protective gear and clothing
readily available. The pre-docking phase is even more crucial than the dry-docking process
itself. In addition to extending the life of the ship and minimizing the risk of costly breakdowns,

thorough planning improves the ship’s performance. Safety measures, including the provision
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of appropriate safety equipment, can reduce the risk of accidents and injuries during docking
(Butler, 2002).

Comprehensive preparations before docking can improve the vessel’s overall performance and
extend its lifespan. These measures can assist in identifying problems or unexpected expenses
in advance. Rigorous inspections and maintenance checks can help reduce the likelihood of
unforeseen costs arising during the docking process. Additionally, investing in training
programs for the crew members involved in the docking procedure enhances their skills and
expertise, ensuring a more efficient operation and reducing the risk of accidents or injuries
(Winklareth, 2000).

2.3 Actual dry-docking activities and repairs

The purpose of dry docking a ship is to perform a wide range of maintenance operations to
ensure the vessel's continuous reliability and productivity. The technique involves cleaning,
inspecting, painting, and repairing the hulls of ships to maintain their structural integrity.
Marine creatures like barnacles and algae can be removed from ships through cleaning, and
areas of damage, deformation, or locations in need of extra care can be identified through
inspection. Painting the hull is an essential part of ship maintenance, alongside cleaning and
inspection. Ships look better after being painted, and the coating prevents rust and other
damage from salt water (Butler, 2002). Repairs address any identified problems, guaranteeing
that the ship operates smoothly and reducing the likelihood of breakdowns or accidents at sea
(Eruguz et al., 2017).

Hull damage can be repaired by painting and patching, while hull resistance in water can be
reduced by using anti-fouling paint or protective coatings. When a ship is in dry dock, it
receives both mechanical and electrical servicing. The main engine, propellers, and shafts are
inspected, maintained, and repaired or replaced as needed. Auxiliary systems, such as
generators, pumps, HVAC, and other machinery, are also regularly checked and serviced. The
hull can be inspected for corrosion or degradation and repaired as necessary to maintain its
structural soundness. Lifeboats and fire suppression systems are regularly inspected and

serviced to ensure the safety of the crew and ship (Milne, 2014).
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The inspection and maintenance of electrical systems involve a variety of subsystems, such as
wiring, switchboards, and automation systems. Time spent at dry dock allows for changes and
repairs to instruments in anticipation of new technologies replacing older ones. This opens the
door for potential upgrades to machines with cutting-edge, energy-efficient components
(Hayler & Keever, 2003). The inspection crew can detect inefficiencies or issues in these
systems early, preventing wasted time and ensuring peak performance. Keeping up with
emerging technologies also enhances the integration and compatibility of electrical systems,

resulting in more streamlined performance (Cai et al., 2013).

All necessary safety equipment undergoes regular checks, tests, and maintenance procedures
to detect and fix any problems. Examples of such equipment include lifeboats, fire suppression
systems, and security alarms. Additionally, tanks are regularly inspected and maintained,
including draining, cleaning, inspecting, and repairing if necessary. Routine maintenance of
tanks ensures structural integrity, prevents leaks, and avoids malfunctions. Regular inspections
help in early detection of any potential issues during storage or transit, ensuring compliance
with safety rules and industry standards (Paine, 2013).

A ship's dry dock is a busy hub where maintenance on anything from the hull to intricate
mechanical parts can be performed. One alternative name for dry docking is "floating dry
docking." The duration of this procedure may range from a few hours to several days,
depending on the complexity of the work. These measures are implemented to ensure the crew's
safety, maintain the ship's working order, and boost productivity. Dry docking allows for
thorough inspection, servicing, and cleaning of the ship's hull and machinery (Winklareth,
2000). It also enables the installation or replacement of parts and systems to improve the ship's

performance and efficiency.

Propellers, rudders, and other submerged parts of a ship can be inspected and maintained more
easily in dry dock than at sea. This procedure guarantees that these vital components are in top
condition, reducing the potential for malfunctions or mishaps during future operations (Glete,
1993). During dry docking, protective coatings or antifouling paints can be applied to guard
against marine growth and corrosion. These actions prolong the ship’s useful life and reduce

maintenance costs (Butler, 2002).
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2.4 Actual dry-docking activities and repairs"Case Study: Comparative Analysis of

Dry Docking Activities on a Specific Vessel

Case Study: Comparative Analysis of Dry Docking Activities on a Specific

Vessel

The evolution of dry docking activities has significantly impacted the operational efficiency
and safety standards of maritime vessels. This section examines a real-world example of dry
docking activities on a commercial cargo ship, comparing past and present practices while

highlighting the role of classification societies in these changes.
Historical Practices

Historically, dry docking was a labor-intensive and time-consuming process. For instance, a
general cargo vessel undergoing dry docking in the 1980s typically relied on manual
inspections and basic cleaning techniques. Divers were often employed to conduct hull
surveys, and repairs were carried out with limited technological support. Protective coatings
on the hull were rudimentary, with antifouling paints being less effective against marine
growth (Fossen, 2011). Classification societies, such as Lloyd’s Register, primarily ensured
compliance with basic safety and structural standards, focusing on hull integrity and

machinery checks.
Modern Practices

In contrast, contemporary dry docking practices for the same type of vessel incorporate
advanced technologies and streamlined procedures. Modern vessels undergo ultrasonic
thickness measurements (UTM) for hull inspections, which offer precise data on steel
thickness and detect potential corrosion (DNV, 2022). High-pressure water jets and robotic
cleaning systems are now standard for removing biofouling, significantly reducing

environmental impact and labor requirements.

Repairs and maintenance are now guided by predictive maintenance strategies supported by
digital twin technologies. For instance, the propulsion systems of modern vessels are

inspected using thermal imaging cameras and vibration analysis, ensuring early detection of
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potential issues (ABS, 2021). Classification societies play a crucial role in standardizing these
procedures, enforcing stricter environmental and safety regulations through frameworks like
the Energy Efficiency Existing Ship Index (EEXI) and the Carbon Intensity Indicator (CII)
(IMO, 2022).

Comparative Insights

A comparative analysis of dry docking activities on the same vessel class over decades
reveals significant improvements in efficiency, environmental compliance, and cost-
effectiveness. For example, the time required for a full dry-docking cycle has decreased by
approximately 30%, thanks to automation and improved planning facilitated by classification
societies (Stopford, 2009).

The evolution of dry docking practices illustrates the maritime industry's adaptation to
technological advancements and stricter regulatory frameworks. The integration of advanced
inspection and repair techniques, coupled with the enforcement of updated standards by
classification societies, has enhanced the operational readiness and sustainability of vessels.
This case study underscores the importance of continuous innovation and regulatory

oversight in shaping the future of maritime maintenance practices.

Chapter 3 Importance of dry docking for ship maintenance

3.1 Examination and maintenance of ship's hull

It is essential for the evaluation and maintenance of a ship's hull to maximize the ship's
efficiency, guarantee its safety, and extend its operational lifespan. This is accomplished using
a variety of techniques, including visual examination, underwater inspection, ultrasonic
thickness measurement (UTM), cleaning, anti-fouling coating, cathodic protection, dry
docking, hydrostatic testing, coating inspections, and inspection of the ballast tank. Regular
evaluation and maintenance of a ship's hull help identify any structural weaknesses or
corrosion, allowing for timely repairs and preventing potential accidents or breakdowns. These
techniques also assist in complying with international maritime regulations and ensuring
environmental sustainability by minimizing the risk of pollution caused by deteriorating hull
conditions (Butler, 2002).
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A visual inspection involves searching for defects such as rust spots, chips, or deformation in
the material. Divers, remotely operated vehicles (ROVSs), or underwater drones may be used
during an underwater examination to search for evidence of damage, deformities, or cracks in
addition to corrosion. Ultrasonic Thickness Measurement (UTM) is a technique that measures
the thickness of hull plates using sound waves and can detect thinning caused by corrosion.
Cleaning involves removing the slime layer and any hard growth, while an anti-fouling coating
is applied to prevent marine organisms from attaching themselves to the hull. Some specific
techniques used for evaluating and maintaining a ship's hull include dry docking, hydrostatic
testing, coating inspections, and inspection of the ballast tank. Dry docking involves taking the
ship out of the water to inspect and repair the hull. Hydrostatic testing ensures the watertight
integrity of the hull, while coating inspections check for any damage or corrosion in the
protective paint coatings. Inspecting the ballast tank is crucial for detecting any leaks or

structural issues that could compromise the ship's stability (Milne, 2014).

Sacrificial anodes constructed of zinc or aluminum are used to provide cathodic protection for
ships. These anodes are designed to corrode in place of the ship's hull. In impressed current
cathodic protection (ICCP), a protective electric current is applied with the assistance of an
external power source. When a ship is in dry dock, the crew has a clear view of the entire hull,
enabling major repairs such as plate replacements and structural alterations. After repairs or
when concerns about the hull's integrity arise, hydrostatic testing is used by filling the
compartments with water to check for leaks. The effectiveness of anti-corrosive coatings is
evaluated during coating inspections, determining whether reapplication is necessary. Regular
maintenance practices such as these help prevent accidents and ensure the longevity of the ship.
By identifying and repairing issues early, potential risks are mitigated, and costly repairs or

downtime are avoided (Cai et al., 2013).

Among the many components of hull repairs are the replacement of hull plates, welding repairs,
and damage correction. Priming is applied after cleaning and repairs to improve the paint
coating's adhesion. Anti-fouling paint is a preventative measure used to stop marine creatures
from clinging to the hull. Modern anti-fouling paints are environmentally friendly and free of
biocidal components. Sacrificial anodes attached to the hull offer additional protection against
corrosion by exhibiting identifiable corrosion activity, safeguarding the structure from galvanic
corrosion (Glete, 1993).
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To summarize, enhancing a vessel's efficiency, guaranteeing safety, and prolonging its
operational lifespan all require routine examination and repair of the hull to keep it in good
working order. Regular maintenance and inspections also help to extend the lifespan of the
ship’s components, such as the engine, navigation systems, and hull. This not only reduces the
risk of breakdowns and accidents but also saves money in the long run. Furthermore, proactive
maintenance allows for the implementation of technological advancements and upgrades,
ensuring that the ship stays up to date with the latest safety standards and efficient practices. In
conclusion, prioritizing maintenance is essential for the ship's performance, profitability, and

sustainability in the maritime industry (Paine, 2013).

3.2 Repair and replacement of ship's components

The maritime sector places a strong emphasis on the significance of performing routine
maintenance and replacing various components over the life of a vessel's operational cycle.
These components include hull plates, the bulbous bow, the rudder and propeller, mechanical
components, electrical wiring and switchboards, navigation systems, personal protective
equipment (PPE), firefighting systems, lifeboats and davits, and the interior design. Regular
maintenance and replacement of these components are crucial for ensuring the safety and
efficiency of maritime operations. They help prevent potential breakdowns, reduce the risk of
accidents, and extend the vessel’s lifespan. Additionally, maintaining these components in
optimal condition is essential for complying with industry regulations and international
standards (Milne, 2014).

Hull plates form the outermost layer of a vessel and are susceptible to deterioration due to
constant exposure to maritime environments. Repairs to hull plates may involve reconfiguring
dents or replacing the bulbous bow. Mechanical components such as the main engine, auxiliary
systems, propulsion mechanisms, and electrical systems, including wiring and switchboards,
require regular servicing to avoid breakdowns and malfunctions. Similarly, navigation systems
need to be updated to comply with the latest regulations and enhance navigational accuracy.
Personal protective equipment, firefighting systems, lifeboats, and davits must be maintained
to ensure crew safety in emergency situations. Furthermore, interior design upgrades are
necessary to provide a comfortable and functional living environment for crew members during

long voyages (Cai et al., 2013).
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Routine maintenance of these components is critical to ensure the vessel remains seaworthy,
operations run smoothly, and compliance with safety and environmental regulations is
maintained. Overhauls or component replacements are required for pistons, liners, valves,
generators, pumps, compressors, and propellers at regular intervals. Corrosion or system
overload may necessitate replacing electrical wiring and switchboards. Navigational systems
such as radar, GPS, and AIS need software updates or replacements to maintain international
standards. Regular inspections and tests of communication systems are also essential to ensure
clear and reliable communication between the ship and shore. Moreover, instrument calibration
is necessary to ensure accurate readings for safe navigation (Hayler & Keever, 2003). Regular
checks of the hull and propellers help prevent damage and maintain fuel efficiency. Training
and emergency drills are also critical to prepare the crew for any unforeseen incidents at sea
(Paine, 2013).

In many sectors, including maritime, safety equipment is indispensable. Personal protective
equipment (PPE) consists of instruments, technologies, and garments designed to protect
individuals from hazards and minimize associated risks. Firefighting systems, including
sprinklers, alarms, and firefighting pumps, undergo regular inspections and maintenance,
which may include scheduled evaluations and replacements. Lifeboats and davit components,
such as release mechanisms, engines, and hulls, require routine maintenance or repairs to

ensure they are operational during emergencies (Butler, 2002).

To summarize, increasing efficiency, guaranteeing safety, and promoting crew welfare all
depend on the effective management of a ship's components, which can be accomplished
through timely repairs and replacements of worn-out parts. Regular inspections of safety
equipment such as lifeboats, life jackets, and firefighting equipment are essential to ensure they
remain in good working condition. These measures are crucial to safeguard the crew in case of
unforeseen accidents or emergencies. Additionally, regular communication drills should be
conducted to familiarize the crew with emergency protocols and ensure effective
communication during critical situations. Collectively, these measures contribute to the overall

safety and efficiency of the ship and its crew during voyages at sea (Glete, 1993).

30



3.3 Inspection and servicing of propulsion systems

The ship's propulsion system is essential to the vessel's ability to function effectively and make
it to its destination on time. It comprises primary propulsion systems, commonly gas turbines
or diesel engines. There are two types of propellers: fixed pitch and adjustable pitch. Propellers
transform mechanical energy into propelling power. The transmission of power from the engine
to the propeller is accomplished using shafts, which provide the connection between the two
components. A watercraft's maneuverability can be significantly improved by the addition of
thrusters, auxiliary propulsion devices that can be found at either the bow or the stern of the
vessel. Thrusters are particularly useful in situations requiring precise maneuvering, such as
docking or navigating through tight spaces. They provide lateral thrust, allowing the watercraft
to move sideways and rotate on its axis. Additionally, thrusters help counteract the effects of

wind or currents, enhancing the vessel's overall control and stability (Butler, 2002).

Visual inspections, non-destructive testing (NDT), operation monitoring, and preventative
maintenance are examples of inspections that can be performed. Regular disassembly of
primary engines is required for thorough cleaning, inspection, and replacement of worn-out
components during engine overhauls. Polishing the propeller is necessary to maintain its
efficiency and avoid excessive wear and damage. It is crucial to align the shafts and machinery
to prevent excessive wear or damage. Performing maintenance on thrusters entails cleaning
them, examining the seals, and ensuring proper lubrication. The implementation of thrusters
significantly improves the safety and efficiency of marine operations. The ability to maneuver
with precision and control in tight spaces reduces the risk of collisions and damage to both the
vessel and surrounding structures. Moreover, thrusters enhance stability, ensuring a smooth
and comfortable ride for passengers and minimizing the potential for seasickness. These
advantages have made thrusters a common feature in modern watercraft, from large

commercial ships to luxury yachts (Cai et al., 2013).

Retrofitting an older engine entails incorporating more recent technologies to enhance its
efficiency and lower emissions. If the damage to the propeller is irreversible or if it is not
suitable for current operations, replacing the propeller is required. The improvements in agility
and efficiency brought about by advancements in thruster technology frequently necessitate the
reconfiguration of older vessels. Thrusters not only improve safety and passenger comfort but
also enhance the overall efficiency of marine operations. By allowing vessels to move laterally

and rotate on their axis, thrusters make berthing and docking easier, saving time and reducing
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the need for tugboats. Moreover, thrusters enable ships to maintain their position in adverse
weather conditions, such as strong currents or high winds, minimizing delays and ensuring
timely arrivals and departures. This versatility and maneuverability benefit the marine industry

and contribute to a more sustainable and economical transportation system (Paine, 2013).

Inspection and repair of propulsion systems on a comprehensive level are necessary for the
efficient functioning of maritime activities. Modern maintenance plans, driven by digital
technology and stringent environmental regulations, emphasize predictive maintenance
procedures and environmentally friendly activities. By allowing ships to navigate more
efficiently and with greater precision, thrusters help reduce fuel consumption and emissions.
This not only improves the environmental impact of the marine industry but also helps lower
operational costs for shipping companies. Additionally, the use of thrusters can enhance safety
by enabling ships to quickly respond to emergency situations and avoid collisions. Overall, the
widespread adoption of thrusters has revolutionized how ships operate, making maritime

transportation more sustainable, cost-effective, and reliable (Glete, 1993).

3.4 Periodicity of Tank Inspection

Crucially important for marine operations, tank inspections guarantee vessel compliance with
international and classification society rules, as well as their structural integrity and safety.
Frequent inspections help keep the ship seaworthy, reduce environmental contamination, and
avoid mishaps (International Maritime Organization [IMO], 2022). Ships' tanks, which carry
goods, ballast water, gasoline, and other liquids, are critical components that demand constant
attention. The periodicity of tank inspections is controlled by classification societies and
international authorities, such as the International Maritime Organization (IMO), and it varies
depending on the ship type, age, and kind of contents the tanks contain (Lloyd’s Register,
2020).

Tank Types and Inspection Frequency
General Cargo Tanks

Used in many kinds of vessels, general cargo tanks need regular inspections to be free from
structural damage, corrosion, or leakage. The frequency of these inspections is primarily

determined by the age of the vessel and the specific guidelines established by the classification
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society (American Bureau of Shipping [ABS], 2019). Regular intervals typically align with the
vessel’s specific surveys, which occur every five years. These inspections ensure the ship's
ongoing safety and adherence to international requirements through comprehensive
assessments of the cargo tanks (DNV GL, 2021).

Chemical and Gas Tanks

The hazardous nature of the cargo necessitates a more stringent inspection frequency for
chemical and gas tankers. These vessels are routinely inspected, as any flaw in the tank
structure could pose significant environmental and safety hazards. Tanks containing gases or
chemicals require constant monitoring for structural damage, corrosion, or possible leaks
(ABS, 2019). In addition to specific surveys, intermediate surveys are conducted every five

years to resolve any issues before they escalate (IMO, 2022).
Ballast Tanks

Maintaining a ship's stability and balance depends heavily on ballast tanks. Inspections of
ballast tanks are closely aligned with the vessel’s special survey schedule, typically every five
years. However, the corrosive nature of ballast water and the frequent filling and emptying of
these tanks necessitate additional inspections. Ultrasonic thickness measurements (UTM),
paired with regular visual examinations, help identify corrosion-induced thinning in the tank
walls (IMO, 2022). Maintaining the structural integrity of ballast tanks is crucial to avoid

unnecessary downtime or repairs (Lloyd’s Register, 2020).
Fuel Oil Tanks

Regular inspections of fuel oil tanks help prevent structural failures, leaks, and pollution. These
inspections follow guidelines set by classification societies and typically include visual
inspections, thickness tests, and checks for water ingress or microbial contamination (ABS,
2019). These inspections ensure the tanks are structurally sound and prevent fuel
contamination, which could lead to engine damage and operational inefficiencies. Special
attention is paid to the coatings inside these tanks, as damage to protective layers could
accelerate corrosion (DNV GL, 2021).

Coating Inspections
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Protective coatings inside tanks are critical in preventing corrosion and ensuring tank longevity.

Regular coating inspections are typically required in conjunction with other tank inspections.

These inspections focus on the condition of the coatings and identify areas that may require

reapplication. Poor coating conditions can lead to accelerated corrosion, which can affect the

tank structure and result in leaks or contamination (Lloyd’s Register, 2020). Coating

inspections are typically aligned with the special survey schedule, but intermediate inspections

may be necessary depending on the tank’s condition and the operational environment (ABS,

2019).

Inspection Techniques

Tank inspections guarantee thorough evaluations using several methods. Often-used

techniques include:

Visual Inspection: Inspectors check for indications of damage, corrosion, or
contamination both within and outside the tanks. This step helps identify obvious
structural issues and may necessitate a more comprehensive examination in certain
areas (ABS, 2019).

Ultrasonic Thickness Measurement (UTM): A non-destructive method used to measure
tank wall thickness and identify thinning caused by corrosion. Frequent UTMs enable
early action in cases of notable material loss and help maintain tank structural integrity
(DNV GL, 2021).

Non-Destructive Testing (NDT): Techniques such as magnetic particle testing, dye
penetrant testing, and radiographic testing can be employed to detect latent flaws in the
tank construction without causing any damage (Lloyd’s Register, 2020).

Coating Assessments: Inspectors assess the effectiveness of anti-corrosion coatings on
tank walls. If coatings show signs of degradation, repairs or reapplication are necessary
to prevent further damage (IMO, 2022).

Pressure Testing: We test tanks to ensure they can withstand operational pressures
without leaking. This test is essential after repairs or coating treatments to verify the
structural soundness of the tank (ABS, 2019).

Compliance with Legal Standards
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Tank inspection schedules and procedures are governed by classification bodies such as Lloyd's
Register, DNV GL, and the American Bureau of Shipping (ABS), among others. The norms of
classification societies, flag state regulations, and international laws, including those
established by the IMO, dictate the frequency of these inspections (IMO, 2022). For instance,
the IMO’s Ballast Water Management Convention sets strict guidelines for ballast tank
maintenance and inspections to prevent the spread of invasive species through ballast water
discharge (IMO, 2022).

Frequent inspections also ensure that vessels maintain their classification and follow
environmental regulations, such as the International Convention for the Prevention of Pollution
from Ships (MARPOL). These inspections help protect the marine environment by preventing

oil spills, chemical leaks, and ballast water contamination (DNV GL, 2021).

Documentation and Recordkeeping

Correct recordkeeping and documentation are essential parts of the tank inspection procedure.
Shipowners must maintain records of every inspection, repair, and maintenance action carried
out on the tanks. These records serve as proof of compliance during audits and provide valuable
information for future maintenance planning (ABS, 2019). Classification societies and
regulatory authorities often request these records during surveys to ensure adherence to

inspection schedules and confirm that necessary repairs have been completed (IMO, 2022).

The safe and effective operation of vessels depends on the periodicity of tank inspections.
Following consistent inspection schedules helps shipowners ensure their vessels remain
compliant with international regulations, avoid environmental damage, and prevent costly
repairs. Proper tank maintenance not only extends the operational lifespan of the vessel but
also contributes to the overall sustainability and safety of marine operations (Lloyd’s Register,
2020).

Tank inspection is an essential component of marine operations, guaranteeing the security,
structural soundness, and adherence to environmental regulations of a ship. It aids in the
prevention of accidents, mitigates environmental contamination, and ensures the vessel's
seaworthiness. Tanks have multiple functions, such as holding cargo, ballast water, gasoline,

and other things. The significance of tank inspection rests in the detection and resolution of
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potential concerns, such as corrosion, structural impairment, and leaks, to avert accidents and

environmental harm.

Conducting tank inspections is crucial to ensure safety, comply with environmental
regulations, avoid contamination, manage corrosion, improve operational efficiency, and meet
regulatory requirements. The tank inspection procedures encompass visual examination,
ultrasonic thickness gauging, non-destructive testing (NDT), coating assessment, pressure
testing, sample collection and analysis, documentation and record-keeping, and risk-based
inspection (RBI).

Visual inspection entails examining both the interior and exterior of tanks to detect indications
of harm, corrosion, or contamination. Ultrasonic thickness gauges are used to determine the
thickness of tank walls, while non-destructive testing (NDT) methods such as magnetic particle
testing, dye penetrant testing, and radiographic testing can detect hidden defects in the tank
structure without causing any damage. Coating inspections assess the soundness of coatings
within tanks to mitigate corrosion and identify areas that may require reapplication. Pressure
testing is conducted to ensure that tanks can withstand the designated operational pressures

without any leakage (Milne, 2014).

Sampling and analysis are crucial for detecting contamination or unwanted compounds.
Thorough documentation and meticulous record-keeping are vital for ensuring compliance and
facilitating future reference. Risk-based inspections employ risk evaluations based on factors

such as the vessel's age, trading patterns, and previous inspection outcomes (Butler, 2002).

Tank inspections must adhere to the standards set by ship classification societies, flag states,
and international governing bodies. This requires consistent communication, strict adherence
to established schedules, and proactive maintenance measures based on inspection findings
(Paine, 2013).

Tank Inspection Periodicity Overview by Classification Societies

e General Cargo Tanks: Inspection intervals are determined by the ship's age and the
classification society's rules.
e Chemical and Gas Tankers: Inspection intervals may be more frequent due to the

specialized nature of these vessels.
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e Ballast Tanks: Regular inspections are required to ensure tanks remain in good
condition, often linked to the ship's special survey schedule.

e Coating Inspections: These inspections assess the condition of coatings inside tanks to
prevent corrosion.

e Fuel Oil Tanks: Regular inspections ensure structural integrity and prevent leakage.
Checks for water ingress, microbial contamination, and the condition of fuel oil filters
are part of this process.

e Void Spaces: Inspections of the spaces between cargo and ballast tanks prevent
corrosion and structural issues.

e Ventilation Systems: Regular assessments ensure the effectiveness of ventilation
systems in preventing gas accumulation.

e Risk-Based Approach: Some classification societies use a risk-based approach,
focusing on high-risk areas for inspection and maintenance.

e Thickness Measurements and Non-Destructive Testing (NDT): Ultrasonic thickness

measurements are used to assess tank walls and detect potential corrosion.

Regular communication with classification societies, proper record-keeping, and adherence to
inspection schedules are essential for maintaining a ship’s class and ensuring safety and

environmental compliance (Cai et al., 2013).

Case Studies of Maintenance Practices Under Classification Society Regulations

Classification societies such as Lloyd’s Register (LR), Det Norske Veritas (DNV), and the
American Bureau of Shipping (ABS) enforce maintenance practices that ensure compliance
with international regulations. For example, a bulk carrier under DNV’s classification
underwent a dry-docking process where ultrasonic thickness measurements (UTM) and
coating inspections revealed significant wear in ballast tank coatings. Repairs were carried
out using advanced anti-corrosion coatings, ensuring compliance with IMO’s Ballast Water
Management Convention (DNV, 2022).

Similarly, a container ship classified by ABS implemented a proactive maintenance schedule
that included thermal imaging for machinery inspections. This approach prevented
unexpected machinery failures, aligning with ABS’s updated hull inspection guides (ABS,
2021). Such case studies highlight how classification society regulations improve ship

maintenance efficiency and sustainability.
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The evolution of dry docking practices illustrates the maritime industry's adaptation to
technological advancements and stricter regulatory frameworks. The integration of advanced
inspection and repair techniques, coupled with the enforcement of updated standards by
classification societies, has enhanced the operational readiness and sustainability of vessels.
This case study underscores the importance of continuous innovation and regulatory

oversight in shaping the future of maritime maintenance practices.
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Chapter 4 : Challenges and considerations in dry docking

4.1 Cost implications and scheduling challenges

The term "cost implications™ refers to the financial repercussions of decisions, actions, or
events. This paper will discuss the distinction between direct and indirect costs, which are
expenses that can be directly attributed to a project. While variable costs display a linear
relationship with the quantity of goods manufactured or services offered, fixed costs remain
constant regardless of the volume of production or service delivery. The term "opportunity
costs" refers to the benefits that an individual, investment, or organization forgoes when
choosing one course of action over another. Contingency costs, on the other hand, are

unanticipated expenditures that may arise due to unexpected obstacles or risks (Mankiw, 2020).

"Lifecycle costs" encompass the total expenses incurred throughout the lifespan of a product,
service, or system, including acquisition, usage, maintenance, and disposal. Although
scheduling is an essential component of effective project management, several obstacles must
be addressed. These challenges include limited resources, delays caused by dependent factors,
shifting project scopes, external influences, inaccurate estimates, and conflict management
(Kerzner, 2017).

Direct costs include items such as employee salaries and the purchase of necessary goods, while
indirect costs cover overhead and administrative expenses. Contingency funds are often
allocated as a percentage of the total projected expenditures for a specific project. When
evaluating two potential courses of action, an individual, investment, or organization may incur

opportunity costs, represented by the benefits they will not receive (Heizer & Render, 2019).

4.2 Environmental considerations and regulations

As businesses and society increasingly adopt more environmentally friendly practices to
minimize negative environmental impacts, environmental considerations and regulations have
assumed a greater role in various industries. The term "resource depletion” refers to the process
by which the consumption of resources affects the ecological balance of the planet. The
ecological footprint is a metric used to measure the extent of this impact. Sustainable use is
based on conserving resources to ensure their availability for future generations (Mankiw,
2020).
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Waste management is of critical importance across various sectors because excessive reliance
on landfills leads to pollution of the earth’s surface, air, and water. The concept of a circular
economy aims to reduce the extraction of raw materials and the generation of waste. Emissions
and air quality have also raised concerns, as certain pollutants have been linked to respiratory
diseases, cardiovascular problems, and even cancer. Water quality and conservation efforts,
including the analysis and preservation of water sources, are emphasized in several academic
fields (Heizer & Render, 2019).

The preservation of ecological balance depends on biodiversity and conservation efforts, with
each species playing an essential role. Medicine and research have benefited tremendously
from compounds derived from various species, resulting in substantial advancements in
medical science. Poor urban planning is the primary cause of urban heat islands (UHIs),
highlighting the importance of land use and planning in city development and environmental
management. Uncontrolled urban expansion depletes cultivable land, leading to food insecurity
and an increased risk of hunger. Noise and light pollution are also concerns, as prolonged

exposure can lead to anxiety, disrupted sleep, and other health issues (Kerzner, 2017).

Excessive artificial light significantly impacts astronomy, making observational activities and
scientific inquiries more difficult. Energy consumption is another critical issue. Reliance on
fossil fuels is linked to increased carbon dioxide emissions and the release of harmful
pollutants. Shifting to renewable energy sources may help countries move toward energy
independence (Mankiw, 2020).

The effects of climate change, including rising sea levels and more severe weather events,
exacerbate the global climate crisis. Regulatory concerns must be thoroughly reviewed to
ensure the implementation of regulations that stimulate innovation and drive the growth of
environmentally friendly businesses and job opportunities. International agreements such as
the Paris Agreement set global standards for addressing environmental challenges (Paine,
2013).

4.3 Safety measures and precautions during dry docking

The process of dry docking is an essential step in marine operations. During dry docking, a

ship or vessel is maneuvered into a dry dock, allowing the water to be drained. This procedure
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ensures that the submerged segment of the vessel is inspected, maintained, and any arising
issues are resolved promptly. Taking all necessary safety measures and precautions during dry
docking is crucial, as these measures protect both the personnel working on the vessel and the

vessel itself from harm (Butler, 2002).

Ensuring the health and safety of individuals is of paramount importance. Conducting a
thorough examination or inspection before performing any analysis or evaluation is essential.
The hull inspection is particularly significant, and ultrasonic testing is commonly used to assess
the thickness and structural integrity of the hull and to identify potential areas of concern
(Milne, 2014).

Maintaining an adequate amount of ballast is an integral part of the docking strategy. This
ensures that the ship remains stable as it enters or exits the dry dock. In coastal areas,
accounting for tidal flow is critical when scheduling docking and undocking procedures. Gas
freeing and ventilation are essential to maintaining a safe environment in industrial settings
(Paine, 2013).

The use of gas detection technology is a crucial part of monitoring to ensure that no harmful
gases are present. Installing barriers in areas where gas-releasing activities are carried out is
recommended to prevent unauthorized entry. Electrical safety is also vital, and isolating non-
essential electrical systems helps reduce the risk of accidental activation. Temporary electrical

installations must adhere to safety regulations and be properly labeled (Kerzner, 2017).

Material handling is another critical aspect, and regular inspections of cranes, hoists, and other
lifting equipment are necessary to ensure they are in optimal working condition. A hot work
permit is required for any hot work operations, and designated areas must be inspected to
identify potential hazards. Fire safety is also a major concern during dry docking (Heizer &
Render, 2019).

The process of entering and exiting the dry dock is significant as well. Temporary structures
such as scaffolding must comply with safety regulations and be regularly inspected. To
maintain a safe environment, effective security measures and anti-slip systems must be in place
(Cai et al., 2013).
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4.4 Environmental Regulations

The EU Regulation on deforestation-free supply chains is a creative and crucial action in the
battle against climate change and biodiversity loss. This regulation demonstrates the
commitment of European citizens to reducing the contribution of their consumption to global
deforestation. Regulation (EU) 2023/1115 requires that key goods imported to or sold within
the European Union (EU) market be free from deforestation, both within the EU and globally.
This action aims to slow down deforestation and forest degradation in commaodities such as

beef, furniture, chocolate, coffee, cocoa, timber, and rubber (European Commission, 2023).

Initially planned for December 30, 2024, for large operators and June 30, 2025, for SMEs, the
implementation timeline was later revised. In response to stakeholder concerns, including
those from member states and international partners, the European Commission proposed a
one-year delay. The updated application dates are December 30, 2025, for large operators and
June 30, 2026, for SMEs (Reuters, 2024).

While this regulation primarily seeks to prevent the trade of goods linked to deforestation,
such as beef, cocoa, and lumber, it also indirectly influences the maritime sector, including
dry docking. Industries dependent on these products will likely face greater scrutiny
regarding environmental responsibility and sustainability. Consequently, shipping companies
may need to prioritize sustainable practices across their operations, including the
transportation of controlled goods, thereby impacting the scheduling and techniques

associated with dry docking (Debevoise & Plimpton, 2024).

This EU action underscores the region's commitment to reducing its environmental footprint
and promoting sustainable consumption, setting an important precedent for global efforts to

address deforestation and its associated impacts.

Shipping companies are required to adhere to international environmental standards, such as
the International Maritime Organization's (IMO) MARPOL Annex VI, which focuses on
reducing air pollution from ships. This includes measures to decrease sulfur oxide (SOx) and
nitrogen oxide (NOx) emissions, thereby minimizing the maritime industry's carbon footprint
(IMO, 2022). Additionally, the EU's Regulation (EU) 2023/1115 on deforestation-free

products mandates that commaodities like beef, cocoa, and timber imported into or sold within
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the EU must not be associated with deforestation. This regulation, initially set to apply from
December 30, 2024, for large operators and June 30, 2025, for small and medium-sized
enterprises (SMEs), has been delayed by one year, with new compliance dates of December
30, 2025, for large operators and June 30, 2026, for SMEs (Reuters, 2024).

While the primary aim of this regulation is to prevent the trade of deforestation-linked goods,
it indirectly impacts the maritime sector. Ships transporting these commodities may be
subject to increased scrutiny to ensure their operations do not contribute to environmental
degradation. Dry docking presents an opportunity for shipping companies to align with
environmental standards by reducing emissions, performing regular maintenance, and
utilizing eco-friendly materials during repair and maintenance activities. Such practices not
only ensure compliance with regulations but also demonstrate a commitment to

environmental stewardship.

Beyond environmental considerations, the EU regulation requires companies to comply with
the legal frameworks of producing countries, including human rights laws, and to respect the
rights of indigenous communities affected by production activities. Given the EU's
significant role as a consumer of these commaodities, the regulation is expected to
substantially reduce deforestation, greenhouse gas emissions, and biodiversity loss globally,
while also protecting the livelihoods of millions of indigenous and local communities

dependent on forest ecosystems (European Commission, 2023).

Engagement with Producer and Consumer Nations

The regulation applies uniformly to products originating from both inside and outside the
European Union, pushing producers to adopt sustainable practices and increase supply chain
transparency. This shift presents a business opportunity, as the rising demand for deforestation-
free products can create new trade prospects and expand markets for sustainable actors
worldwide (WWF, 2022).

The EU also aims to deepen its engagement with partner countries, including both consumer
and producer nations, to achieve common objectives aligned with the Paris Agreement, the
Global Biodiversity Framework, and the Sustainable Development Goals. By fostering

collaboration between nations, the EU seeks to promote sustainable trade practices while
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addressing the environmental and social challenges posed by global deforestation (UNEP,
2021).

This regulation highlights the EU's leadership in setting environmental standards while
encouraging other countries to adopt similar measures, further amplifying the global impact in

reducing deforestation (European Commission, 2021).

The EU recognizes the substantial progress that numerous partner nations have made in the
last decade to reduce deforestation and the efforts to increase supply chain transparency. The
European Union is prepared to cooperate with producing nations to facilitate a comprehensive
shift towards supply chains that are free from deforestation and adhere to legal standards

(European Commission, 2021).

Additionally, the European Union is currently collaborating with major consumer nations,
including the United States and China, to establish comparable measures that will eradicate
deforestation from their supply chains (WWF, 2022).

Following Procedures

Traders and operators are granted an additional 18 months to enact the revised regulations.
Small and micro-sized businesses will be granted an extended period of adjustment, along with
other targeted provisions. The Commission has published a Frequently Asked Questions
document to assist merchants and operators, especially SMEs, in adhering to the stipulations

of this Regulation (European Commission, 2021).

The Commission will benchmark countries or regions and establish tiers of risk (low, standard,
or high) over the next 18 months using an objective and transparent evaluation process. These
evaluations will change over time in response to real-world events. Due diligence procedures
for products from low-risk countries will be streamlined. The percentage of operator
inspections will vary by risk level: 9% for high-risk countries, 3% for standard-risk countries,
and 1% for low-risk countries. Information supplied by companies, including geolocation
coordinates, will be accessible to EU authorities, who will use satellite monitoring tools and
DNA analysis to verify product origins (FAO, 2020).

The Commission will initiate targeted dialogues with producer countries deemed high-risk

before finalizing classifications. The goal is to collaboratively address the underlying factors
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contributing to deforestation and forest degradation while working to mitigate the risks
associated with these countries (WWF, 2022).

Global Impact of Deforestation

Deforestation and forest degradation are significant contributors to biodiversity loss and
climate change. A critical turning point is being reached with the deteriorating condition of
global forests, which could have catastrophic consequences for the health, livelihoods, and
lives of millions worldwide. Between 1990 and 2020, the Food and Agriculture Organization
of the United Nations (FAQ) estimates that 420 million hectares of forest were lost, an area
larger than the European Union (FAO, 2020).

According to the Intergovernmental Panel on Climate Change (IPCC), agriculture, forestry,
and other land uses contributed to 23% of total greenhouse gas emissions from 2007 to 2016.
Deforestation accounts for 11% of total emissions, with the majority attributable to forestry
and other land use. Direct emissions from agricultural production, including livestock and
fertilizers, contribute another 12%. Furthermore, the IPCC asserts that halting deforestation
and restoring ecosystems is one of the most effective methods to reduce CO?2 levels, second

only to the rapid deployment of wind and solar energy (IPCC, 2019).

Amendments have been made to regulations pertaining to the environmental safety of maritime
installations and ships. Additionally, MARPOL Annex V1 has been revised and supplemented
to include mandatory contributions of an Energy Efficiency Existing Ships Index (EEXI) and
Carbon Intensity Index (CII) (IMO, 2021).

As of January 1, 2013, the Energy Efficiency Design Index (EEDI) and the Ship Energy
Efficiency Management Plan (SEEMP) became obligatory (IMO, 2013).

The International Maritime Organization (IMO) set goals in 2018 to reduce greenhouse gas
(GHG) emissions by at least 50 percent by 2050 and 40 percent by 2030. In the IMO, longer-
term measures are still under discussion. This holds true whether the objective is to reduce
shipping emissions by at least 50 percent by 2050 or to achieve zero emissions sooner (IMO,
2018).

To achieve these goals, IMO member states agreed in 2021 to a set of operational and technical

measures that will be implemented on all ships as of November 1, 2022. This means that as of
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January 1, 2023, all vessels are required to compute their energy efficiency index. The vessels
must then collect and report annual carbon intensity (CII), which will be graded A-E beginning
in 2024. Furthermore, shipping companies are obligated to provide strategies (SEEMPS)
outlining incremental energy efficiency improvements on each vessel in accordance with
stricter regulations (IMO, 2022).

Chapter 4 of MARPOL Annex VI outlines the carbon intensity regulation for international
shipping, applicable to all vessels with a gross tonnage of 400 tons or more. Regardless of
propulsion, the stipulations outlined in chapter 4 do not apply to vessels operating solely within
the waters under the sovereignty of the vessel's flag state, vessels without mechanical
propulsion, and platforms such as floating production, storage, and offloading units (FPSOs),
floating storage units (FSOs), and drilling platforms (IMO, 2022).

Among the short-term measures that have been implemented are EEXI and CII.

The EEXI targets for energy-efficient ship design are applicable to all vessels exceeding 400
GT (gross tonnage), whereas vessels surpassing 5000 GT will be subject to the CllI and the CII
scale from A-E (IMO, 2021).

The amendments to MARPOL Annex VI became effective on November 1, 2022.
Commencing on January 1, 2023, the prerequisites for EEXI and CII certification were
mandated. The initial annual reporting will take place in 2023, and the first Cll rating will be
issued in 2024 based on the collected data (IMO, 2021).

Effective immediately from January 1, 2023, all vessels are required to compute their achieved
Energy Efficiency Existing Ship Index (EEXI) to assess their energy efficiency and begin
gathering data for their annual Carbon Intensity Indicator (CIl), as well as the CIl assessment
and rating (A-E) (IMO, 2022).

After January 1, 2023, verification that the technical file and attained EEXI comply with the
requirements must occur during the initial annual, intermediate, or renewal survey. This survey
is part of the IAPP survey, and the issuance of the International Energy Efficiency (IEE)

certificate serves as evidence of compliance (IMO, 2021).

The Carbon Intensity Indicator (CIl) is designed to incentivize operational ships to minimize

emissions, with a grading scale ranging from A to E, while EEXI focuses on more technical
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specifications. The ClII scale is derived from petroleum consumption reports obtained through
the Data Collection System (DCS) of the IMO. A represents the highest possible classification
for a ship, C is the minimum acceptable level, and D and E indicate poor performance. Cargo
companies must submit a plan detailing how a vessel can improve its grade to an acceptable
level if it receives a grade of D for three consecutive years or E for one year. Incorporating the
ClI rating into the ship's Ship Energy Efficiency Management Plan (SEEMP) is mandatory
(IMO, 2022).

Fuel consumption per ton/nautical mile and inert weight (load capacity) form the basis of CII.
The calculations must account for the actual cargo carried by the vessel, whether light or heavy,
with the aim of preventing the assignment of points for traveling with a light cargo or in ballast
(IMO, 2022).

Shipping companies are obligated to develop a strategy (SEEMP) that demonstrates how their
vessels will achieve continuously decreasing emissions in the near future or comply with the
regulations (IMO, 2021).

All newly constructed vessels (with construction contracts executed on or after January 1,
2013) in the following ship categories are required to compute their achieved Energy Efficiency
Design Index (EEDI): bulk carriers, gas tankers, container ships, general cargo ships, reefer
ships, combination ships, passenger ships, ro-ro cargo ships, and ro-ro passenger ships. The
computation of the index must follow the guidelines published by the IMO (IMO, 2013).

Ships exceeding 400 GT are required to carry a ship-specific SEEMP, which also applies to
vessels without an IEE certificate. This component must be incorporated into the vessel's Safety
Management System (SMS). The SEEMP must be verified by survey on ships exceeding 5000
GT, beginning on January 1, 2023, to document strategies for meeting CII targets. Possession
of an International Energy Efficiency Certificate (IEE) derived from EEDI and SEEMP is
mandatory for vessels engaged in international trade (IMO, 2022).

SEEMP is an operational measure that establishes a mechanism for the cost-effective
improvement of a vessel's energy efficiency. SEEMP also provides shipping companies with a
methodology to oversee the efficiency performance of their vessels and fleets over time by

employing surveillance tools such as the Energy Efficiency Operational Indicator (EEOI). Best

47



practices for fuel-efficient ship operation and guidelines for the voluntary use of EEOI for new
and existing ships are included in the guidance for the development of SEEMP for new and
existing ships (IMO, 2009).

EEOI facilitates the assessment of operational fuel efficiency of a vessel and allows for
evaluating the impact of operational modifications, such as increased frequency of propeller
cleaning or improved travel planning, as well as the implementation of technical measures like
waste heat recovery systems or new propellers. SEEMP encourages ship owners and operators
to continuously evaluate novel technologies and practices throughout the planning process to

enhance the operational efficiency of a vessel (IMO, 2009).

It is mandatory for all newly constructed vessels exceeding a specific size threshold and falling
within particular ship categories to have an EEDI equal to or below a ship-specific reference
value specified in a table in chapter 4. Gradually, the criteria for an index value to be below the
reference value will become more stringent. The requirements are detailed in Table 1 of
Chapter 4 of MARPOL Annex VI (IMO, 2021).

The most significant technical measure for new ships, EEDI, encourages the use of equipment
and engines that are more energy efficient (less polluting). EEDI mandates a minimum energy
efficiency per capacity mile (e.g., ton-mile) for segments comprising various ship classes and
sizes. New ship designs must satisfy the reference level for their ship type as of January 1,
2013, with the level progressively increasing every five years starting in 2015 (IMO, 2013).

From the design phase forward, EEDI is expected to encourage continued innovation and
technical development of all ship components that influence fuel efficiency. The industry
determines which technologies are incorporated into a specific ship design, rather than EEDI
itself. To ensure regulatory compliance, ship designers and constructors are permitted to
implement the most economically viable solutions, provided the minimum energy efficiency
standard is met (IMO, 2013).

EEDI is calculated using a formula based on the technical design parameters of the ship and
provides a specific value in grams of carbon dioxide (CO2) per ship's capacity mile (the lower
the EEDI, the more energy efficient the ship design). In the first phase, a 10% CO2 reduction
level (grams of CO2 per ton-mile) is established and will be adjusted every five years to align
with advancements in technology that enable more efficient and effective reduction strategies
(IMO, 2021).
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Covering 72% of the emissions from newly constructed ships, EEDI was designed with the
largest and most energy-intensive segments of the global merchant fleet in mind. EEDI applies
to the following ship types: combination ships, oil tankers, bulk carriers, gas carriers, general
cargo vessels, container ships, and refrigerated cargo vessels. Future formulas that prioritize
the reduction of significant emissions are anticipated for ship types not currently accounted for
(IMO, 2013).

4.5 Environmental Impacts Related to Shipping

The shipping industry is a significant economic sector, accounting for over 80% of worldwide
trade and contributing between 1-3% to the world's Gross Domestic Product (GDP)
(UNCTAD, 2020). Every year, an enormous quantity of containers, including solid, liquid, and
dry bulk cargo, is transported across the world's oceans. This boosts the economic conditions
of several nations and significantly enhances the accessibility of food, raw materials, and other
resources (IMO, 2021).

The shipping industry not only has a substantial economic impact but also plays a crucial role
in promoting global connectivity and strengthening international relations. It fosters cultural
exchange, stimulates tourism, and enables the transfer of goods to isolated regions, thereby
improving the living conditions and overall well-being of numerous communities worldwide
(OECD, 2019).

Safeguarding the environment presents one of the most significant sustainability challenges for
the shipping industry. According to an analysis from S&P Global Platts Analytics, the shipping
sector currently contributes approximately 2% to 3% of global CO2 emissions. However,
without new regulations, this figure could rise to 17% by 2050 (S&P Global Platts, 2021). In
response to this issue, the industry has implemented several measures to reduce its
environmental footprint, including the development of fuel-efficient vessels, the use of
alternative fuels such as Liquefied Natural Gas (LNG), and the enforcement of stricter pollution
controls (IMO, 2021). Collaboration among governments, international organizations, and
maritime businesses is essential to finding and implementing sustainable solutions for the

sector's future challenges.
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Furthermore, pollutants such as Sulphur oxide (SOx), Nitrogen oxide (NOXx), Particulate Matter
(PM), and black carbon have garnered increased attention due to their significant effects on
human health and the environment. Immediate and pragmatic solutions are required to address
the pressing environmental concerns linked to the maritime sector. Through collaboration,
stakeholders can collectively develop and adopt advanced technologies that effectively reduce
greenhouse gas emissions. For instance, the adoption of wind-assisted propulsion systems and
solar panels can harness renewable energy, reducing dependence on fossil fuels (OECD, 2019).
Investment in research and development of new materials and ship designs could lead to more
efficient and environmentally sustainable vessels. With these measures, the shipping industry

can move towards a more eco-friendly and responsible future (IMO, 2021).

Environmental Contamination from Ship Emissions

Commercial vessels use fuel to generate energy and, in turn, release various pollutants into the
air. Ship-source pollutants include carbon dioxide (CO2), nitrogen oxides (NOx), sulphur
oxides (SOx), and particulate matter. Around 80% of cargo ships use bunker fuel, a low-grade
heavy fuel oil, for propulsion. These pollutants have significant environmental and health
impacts. CO2 is a greenhouse gas that contributes to global warming, while NOx and SOx
contribute to air pollution and the formation of acid rain. Moreover, the emission of particulate
matter from ships can lead to respiratory problems and degrade air quality in coastal areas

(European Environment Agency, 2020).

Carbon dioxide emissions significantly alter the chemical composition of the oceans, leading
to increased acidity, which threatens species that produce shells and coral reefs. This process,
known as ocean acidification, endangers marine life and disrupts delicate ecosystems.
Furthermore, ocean warming exacerbates storm severity, contributing to sea level rise and
disturbing ocean circulation patterns (NOAA, 2021). Additionally, nitrogen oxide (NOX)
emissions contribute to ground-level ozone, or smog, which can cause respiratory problems in
humans (WHO, 2020). Particulate Matter (PM) and Sulphur oxide (SOx) emissions are
responsible for over 60,000 premature deaths annually and cause respiratory issues in millions,
especially those living near busy ports (IMO, 2021).

The International Maritime Organization (IMO) has been proactive in addressing these
environmental issues through its Greenhouse Gas Strategy (GHG), which provides guidelines

for reducing air pollution in the maritime sector (IMO, 2021). In addition to health hazards,
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emissions from ships also pose a threat to marine organisms. Noxious substances in bunker
fuel can contaminate nearby waters, leading to the death of aquatic species and disrupting
ecosystems. Moreover, ship engines and propellers generate noise pollution, which can
interfere with the communication and navigation of marine mammals like whales and dolphins
(WWF, 2018). To mitigate these impacts, stricter regulations on ship emissions and the

adoption of cleaner fuels are essential.

Shipping Industry's Efforts to Meet Environmental Targets

The shipping industry is adopting cutting-edge technologies to meet the targets set by
international organizations and government bodies. One such innovation is Sinay’s Air Quality
Module, which equips ships and ports with sensors that provide real-time data and intelligent
notifications. These sensors help monitor harmful substances in fuel emissions, reduce

environmental footprints, and avoid ecologically sensitive areas (Sinay, 2022).

The shipping sector also acknowledges the significant contribution of greenhouse gas
emissions to global warming. Ships release carbon dioxide (CO2) and other harmful
substances, which contribute to rising atmospheric temperatures and the melting of polar ice
caps. This has far-reaching implications, not only for marine life but also for the global
environment. Thus, implementing proactive strategies to reduce ship emissions is critical for
minimizing these adverse effects and protecting the health of our oceans and planet (UNCTAD,
2020).

Environmental Noise Pollution

The prevalence of noise pollution resulting from shipping has escalated over time. Ships
generate noise that can travel great distances, posing a threat to marine creatures that rely on
sound for communication, foraging, and navigation. This sound pollution disrupts the natural
behavior of marine species, potentially affecting their ability to survive and reproduce.
Furthermore, shipping-related noise pollution can negatively impact human health, leading to
increased stress, disrupted sleep patterns, and even auditory impairment among people living

near coastal areas (Wright et al., 2020).

Studies have shown that human-caused underwater noise, primarily from shipping activities,
has significant short- and long-term effects on marine species, particularly marine mammals.

Prolonged exposure to ship noise interferes with their communication and feeding behaviors,
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reducing their ability to locate food and attract mates, which can lead to decreased population
sizes and biodiversity in marine habitats (Erbe et al., 2019). The high levels of noise pollution
can also impair the acute auditory capabilities of marine animals, impacting their ability to

navigate and perceive predators or prey accurately (NOAA, 2020).
Human Impact and Regulatory Measures

Persistent noise aboard vessels can also negatively affect human well-being. In 2012, the
International Maritime Organization (IMO) implemented a regulation through the International
Convention for the Safety of Life at Sea (SOLAS), requiring ships to be designed to minimize
onboard noise and protect crew members from excessive noise. This regulation, outlined in the
Code on Noise Levels on Board Ships, aims to reduce the adverse physical and mental health
effects of prolonged noise exposure for ship personnel (IMO, 2012). By enforcing measures
such as sound insulation and vibration dampening, the regulation creates a safer and healthier

working environment for seafarers (IMO, 2012).

Advanced technology like Sinay’s Aerial Acoustics Module and Underwater Acoustics
systems enable real-time monitoring of noise pollution, helping companies make informed
decisions to mitigate the environmental impact of their activities. These tools ensure the
protection of surrounding communities and marine life by facilitating faster and more accurate
decision-making (Sinay, 2022). The Code on Noise Levels on Board Ships also considers the
potential impacts of ship noise on marine animals. High levels of noise disrupt essential
behaviors such as feeding, mating, and communication among marine species. By reducing
onboard noise, ships can help protect marine ecosystems and limit disruptions to vulnerable
species (Erbe et al., 2019).

The SOLAS regulation on noise levels is essential not only for safeguarding human health but
also for preserving the environment in the maritime sector. It highlights the growing

recognition of the need for sustainable and environmentally conscious shipping practices.

Discharges from Vessels

Although there has been a general decline in the frequency of unintentional oil spills, they still

occur occasionally. Research shows that significant unintentional oil spills contribute
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approximately 10-15% of the total oil that enters the world's oceans each year. These
substantial spills can have catastrophic consequences for marine ecosystems, leading to a loss
of biodiversity and long-term damage to habitats. In response, efforts are being made to
enhance preventive measures and improve response strategies to mitigate the impact of these
incidents (ITOPF, 2020).

The discharge of various wastewaters from ships also presents environmental challenges.
Cargo ships release different types of wastewater, including bilge water, black water, and grey
water. Grey water originates from the habitable areas of ships, such as sinks, showers, laundry
facilities, and kitchens. Black water consists of sewage, including urine and feces, as well as
oily bilge water. These discharges can reduce water quality, harm marine ecosystems, and pose
health risks to the general public (EPA, 2019). However, these discharges are regulated under
the Commercial Vessel Discharge Standards established by the Environmental Protection
Agency (EPA), which sets limits on the amount of pollutants that commercial vessels can
release, ensuring minimal impact on marine life and the environment. Routine inspections and
monitoring help ensure compliance with these standards and address potential issues promptly
(EPA, 2019).

Advanced tools like Sinay’s Water Quality Monitoring & Compliance Manager enable real-
time monitoring of various water quality indicators, such as temperature, salinity, microalgae
content, oxygen levels, and organic matter quantity. These systems gather data from sensors
using wireless communication technologies such as Wi-Fi, radio waves, 4G, and 5G. The tool
connects with multiple sensors and transmits data at optimal frequencies, ensuring the
accessibility of this information via a user-friendly dashboard (Sinay, 2022). This real-time
monitoring allows for the swift identification of potential water quality issues or changes, and
it provides customized alerts to notify users of any deviations from required water quality
standards (Sinay, 2022).

Port congestion refers to the situation where there is a high volume of ships and cargo at a port,
leading to delays and inefficiencies in the movement of goods. It has become a significant
challenge for many major ports worldwide, including Los Angeles, Asian ports, London, and
other key maritime hubs. When vessels arrive at congested ports, they may be unable to dock
immediately and must wait at anchor until a berth becomes available. These delays can
sometimes last up to two weeks, causing substantial financial losses for shipping companies,

disrupting the flow of goods, and increasing the overall cost of products (UNCTAD, 2021).
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Port authorities must prioritize tackling this issue by implementing effective scheduling
systems, upgrading infrastructure, and collaborating with stakeholders to mitigate congestion
and maintain smooth operations (OECD, 2020). Shippers are also required to comply with
Commercial Vessel Discharge Standards, ensuring that the environmental impact of vessel

operations remains in check while addressing logistical challenges.

Digitalization is seen as a key solution to reducing port congestion. By implementing systems
that allow ports and shippers to monitor barges and obtain accurate estimated time of arrival
(ETA) for vessels, the problem of prolonged waiting times can be significantly alleviated.
Allocating resources to advanced technologies such as artificial intelligence (Al) and data
analytics can enhance the efficiency of port operations, leading to smoother and more effective

transportation of commodities (McKinsey, 2021).

These technologies provide real-time information on vessel movements, enabling ports and
shipping companies to detect potential bottlenecks and make proactive decisions to minimize
waiting times. Systems like Sinay’s Estimated Time of Arrival Module use Al algorithms to
provide updated ETAS, enabling ports to optimize crew scheduling, resource allocation, and
berthing processes. This improves overall supply chain efficiency, reduces costs, and increases

customer satisfaction (Sinay, 2022).

By giving shippers accurate information about a vessel's arrival time, they can choose the most
suitable port for their operations, further reducing delays and improving the overall

effectiveness of maritime logistics.

4.6 How shipping companies measure cost for new environmental regulations

Particularly in light of rising fuel costs and stringent environmental regulations, dry docking
provides an essential opportunity for maintenance that can enhance a vessel's fuel efficiency.
Painting and hull cleaning, for example, help minimize friction between the ship's hull and the
water, enhancing hydrodynamic efficiency and, hence, fuel economy. Studies reveal that
whereas a clean hull lowers drag and improves fuel economy, a fouled hull can increase fuel
consumption by up to 10%. By lowering the resistance the ship encounters while in motion,
propeller polishing during dry docking similarly increases fuel economy. By as much as 5%, a

better propeller can increase fuel economy (Wértsila, 2021).
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Furthermore, mandated by International Maritime Organization (IMO) rules, the switch to low-
sulfur fuels can raise fuel prices. However, ship operators can optimize their machinery,
including fuel injectors, to use these fuels during dry docking, thereby offsetting some of the
additional expenses through improved fuel efficiency (DNV GL, 2021). The process of fuel
system optimization plays a crucial role in reducing the financial impact of fuel price increases
and adhering to legal requirements.

Dry docking is also the best time for the installation of new technologies or the upgrade of
current systems to guarantee compliance with environmental regulations. For instance, during
dry docking, we often install ballast water treatment systems (BWTS) to prevent the spread of
invasive aquatic life. The International Convention for the Control and Management of Ships'
Ballast Water and Sediments mandates the installation of these systems during a period when
the ship is not in use (IMO, 2021).
Similarly, scrubbers used to lower sulfur emissions can be fitted during dry docking to meet
the IMO's 2020 sulfur cap requirements, which demand that ships use fuel with a sulfur content
of no more than 0.5% (Clarksons Research, 2022). Scrubbers let ships keep running less

expensive high-sulfur fuels while lowering sulfur emissions to legal levels.

Operators can also install or upgrade telematics and fuel monitoring systems, which track and
maximize fuel use, during dry docking. By means of real-time fuel consumption data, these
systems help operators to spot inefficiencies and implement changes that might result in
appreciable long-term savings (Maersk, 2021). Combining these technologies during dry
docking will help businesses more successfully meet environmental standards, lower costs, and
improve fuel economy.

Dry docking offers a chance to assess and apply operational improvements meant to affect fuel
consumption. For example, to comply with emissions rules, ships may need to retrofit for
slower steaming, which may result in longer voyage times. Though this comes with trade-offs
in terms of voyage length, slower speeds can greatly lower fuel consumption—often by as
much as 20-30%.
Moreover, dry docking makes it possible to install other sophisticated navigation systems and
route optimization software, facilitating the planning of the most fuel-efficient paths.
Particularly in a regulatory environment that stresses emissions reductions more and more,

these technologies can be vital in lowering pointless fuel consumption (DNV, 2020).

55



A major factor under dry docking is regulatory compliance with regard to environmental rules.
To keep certifications proving adherence to criteria set by agencies like the IMO, ships have to
go through audits and inspections. For example, the IMO checks hulls to confirm adherence to
ballast water ~management rules and emissions standards (IMO, 2021).
Dry docking plays a crucial role in these evaluations, as after installing scrubbers or BWTs,
ships typically need to demonstrate their compliance with emissions criteria. These legislative
procedures guarantee that vessels are running under legal and environmental frameworks,
avoiding expensive fines and guaranteeing continuous operation (Clarksons Research, 2022).

Dry docking intervals can facilitate staff training, which is often necessary for the
implementation of new techniques and equipment. For example, crew members need
instruction in the operation and maintenance of recently installed equipment such as scrubbers
or BWTs (Schneider, 2020), guaranteeing compliance and optimizing performance. Once the
ship is back in use, this training is absolutely essential to prevent needless gasoline costs and

preserve operational efficiency.

Dry docking is ultimately a necessary period for implementing fuel-efficient technologies,
regulatory compliance, and personnel training, all of which support more sustainable
operations. Through leveraging the maintenance possibilities during dry docking, ship
operators can lower fuel consumption, satisfy environmental rules, maximize their general

operational efficiency, and control the related expenses (Clarksons Research, 2022).
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Training and Personnel: The adoption of new methods or equipment may necessitate staff
training, leading to additional costs. However, implementing fuel efficiency measures can
provide significant environmental benefits by reducing greenhouse gas emissions and
minimizing air pollution. These initiatives also enhance a company’s corporate social
responsibility (CSR) efforts, improving its standing among stakeholders (Maersk, 2021). By
cutting fuel consumption, organizations can realize long-term cost savings, which allows for
reinvestment in other business areas, such as research and development or employee training.
Prioritizing fuel efficiency not only improves financial performance but also establishes
businesses as responsible and innovative leaders in their respective industries (Clarksons
Research, 2022).
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Non-compliance Risks: Failing to comply with environmental regulations can result in
penalties and sanctions, which companies should consider in their financial planning.
Integrating fuel-efficient technologies into a company’s operations contributes significantly to
its broader sustainability goals. By reducing greenhouse gas emissions and carbon footprints,
businesses align themselves with global efforts to combat climate change. This not only appeals
to environmentally conscious consumers but also ensures compliance with increasingly
stringent emissions regulations (IMO, 2021). Demonstrating a commitment to sustainable
practices can enhance a company’s reputation, attracting socially responsible investors and

partners, thereby boosting long-term profitability (UNCTAD, 2021).

Impact on Market Competitiveness: Environmental regulations can directly influence supply
and demand, affecting freight rates and market competitiveness. Additionally, embracing
sustainable practices can lead to financial savings for businesses. By adopting energy-efficient
technologies and reducing waste, companies can lower their utility bills and operating costs
(OECD, 2020). Investing in sustainable energy sources like solar or wind power reduces
reliance on volatile fossil fuel prices, increasing an organization’s financial resilience and

stability (McKinsey, 2020). Prioritizing sustainability not only benefits the environment but
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also strengthens a company's financial health and enhances its competitive position in the

marketplace.

Each company tailors its cost evaluation based on its fleet, operational range, and regulatory
mandates. Financial modeling and scenario analysis are frequently employed to forecast
potential impacts on financial performance. By customizing the cost assessment to their
specific fleets, companies can more accurately estimate the effects of variables like fuel
consumption, maintenance costs, and depreciation (DNV, 2020). Additionally, considering the
extent of operations helps identify opportunities to reduce costs and optimize resource
allocation. Factoring in regulatory mandates ensures compliance and minimizes the risk of
unexpected financial penalties. Financial modeling provides critical insights into potential risks
and opportunities, empowering companies to make informed decisions that protect and

enhance their financial outlook (Clarksons Research, 2022).

4.7 How shipping companies measure efficiency for new environmental regulations

Shipping companies measure efficiency for new environmental regulations in several key
areas, particularly during dry docking operations. Dry docking offers an ideal opportunity to
ensure vessels are optimized for compliance with the latest environmental standards while
maintaining operational efficiency. Below is a detailed exploration of how shipping companies
measure efficiency in relation to new environmental regulations and the role of dry docking in
this process:

Energy Efficiency Existing Ship Index (EEXI) and Energy Efficiency Design Index (EEDI)
The Energy Efficiency Design Index (EEDI) and Energy Efficiency Existing Ship Index
(EEXI), introduced under MARPOL Annex VI, are central measures by the International
Maritime Organization (IMO) to regulate the energy efficiency of ships. The EEDI applies to
new ships, while the EEXI focuses on the existing fleet, measuring a vessel’s energy efficiency
in terms of grams of CO2 emitted per ton-mile of transport work. These indices are designed
to promote energy-efficient design and operational practices that reduce greenhouse gas
emissions (IMO, 2021).

Dry docking plays a critical role in ensuring vessels meet the EEDI and EEXI requirements.
During scheduled dry docking, ships undergo inspections and upgrades that can include:

« Propeller modifications to improve efficiency and lower fuel consumption.
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o Hull modifications, including the application of coatings or the addition of more
hydrodynamically efficient hull forms to reduce drag and biofouling (Schneider, 2020).
o Engine retrofitting to update engines and maximize fuel economy, ensuring compliance
with increasingly stringent emissions criteria (DNV GL, 2021).
These dry docking operations help ships reduce fuel consumption and emissions by enhancing
energy efficiency, ensuring compliance with EEDI and EEXI targets, and reducing operational
costs.
Carbon Intensity Indicator (CII)
The Carbon Intensity Indicator (CIl) measures the amount of CO2 emissions per unit of
transport activity (e.g., ton-mile) for ships. ClIlI focuses on a vessel's operational performance
and aims to incentivize operators to reduce emissions during regular voyages (IMO, 2021).
Ships are graded annually from A to E based on their carbon intensity, with expectations for
stricter future ratings (Maersk, 2021).
Dry docking is crucial for improving a ship's CIl rating through:
e Hull cleaning, which removes biofouling that increases drag and fuel consumption
(Schneider, 2020).
e Anti-fouling coatings that preserve hull smoothness, prevent the growth of marine
organisms, and reduce resistance during voyages.
o Propeller polishing to ensure smooth operation and alignment, thereby enhancing fuel
efficiency and reducing CO2 emissions (Wartsilg, 2021).
These activities improve the fuel efficiency of ships, reduce CO2 emissions, and help vessels
achieve better CII ratings, enabling companies to meet environmental criteria and avoid

penalties for poor performance.

Emission Reduction and Fuel Economy
Fuel consumption, a major operational expense for shipping companies, directly impacts
emissions. Environmental regulations now emphasize the reduction of sulfur oxides (SOx),
nitrogen oxides (NOx), and particulate matter (PM). To comply with these regulations,
companies must adopt greener fuels or install exhaust gas cleaning systems, also known as
scrubbers (Clarksons Research, 2022).
Dry docking provides the necessary downtime for installing systems that optimize fuel
efficiency and reduce emissions. Key activities during dry docking include:

o Engine tuning and overhauls, which ensure engines run at peak efficiency, consume

less fuel, and emit fewer pollutants (DNV GL, 2021).
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o Exhaust system upgrades, such as the installation of scrubbers, which reduce SOx and
NOx emissions and help meet IMO's 0.5% sulfur cap (IMO, 2021).
By optimizing fuel consumption and reducing emissions during dry docking, companies can
cut costs, reduce their environmental impact, and ensure compliance with regulations while
maintaining operational efficiency.
Hull and Propeller Maintenance
The condition of a ship's hull and propeller significantly affects fuel efficiency. Biofouling, or
the accumulation of marine life such as algae and barnacles, increases drag and requires more
fuel to maintain speed (Wartsila, 2021).
During dry docking, hull and propeller maintenance includes:
« Hull cleaning to remove biofouling and repair any damage that may exacerbate drag
(Schneider, 2020).
e Anti-fouling paints, designed to prevent marine growth on the hull, maintaining
smoothness and fuel efficiency throughout the voyage (DNV, 2020).
o Propeller polishing to ensure the propeller operates with minimal resistance, free from
damage, and free from debris.
These maintenance activities help reduce fuel consumption, lower greenhouse gas emissions,
and ensure shipping companies meet environmental standards, while also improving
operational efficiency (Clarksons Research, 2022).
Retrofitting and Upgrades for Compliance
Shipping companies frequently retrofit their vessels with new technologies to comply with
environmental regulations. For example:
o Ballast Water Treatment Systems (BWTS) are required under the Ballast Water
Management Convention to prevent the spread of invasive species (IMO, 2021).
e Scrubbers are installed to reduce sulfur emissions from ships running on high-sulfur
fuel (Clarksons Research, 2022).
e Some ships are retrofitted to run on liquefied natural gas (LNG), which emits fewer
pollutants than traditional heavy fuel oil (McKinsey, 2020).
Dry docking is the ideal time for such retrofitting projects, as the ship is out of service, allowing
these large-scale changes without disrupting the vessel's operational schedule.
Minimizing Downtime
Efficiency in shipping is also measured by how well companies minimize downtime.
Companies aim to coordinate dry docking periods with regulatory inspections and

environmental retrofits to maximize time out of service.
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Strategies for minimizing downtime include:
e Scheduling retrofits and maintenance during the same dry docking window, reducing
the number of dry docking events (Schneider, 2020).
« Coordinating regulatory inspections with environmental retrofits and hull maintenance,
minimizing downtime and ensuring regulatory compliance (DNV GL, 2021).
By reducing downtime, shipping companies can maximize operational efficiency, ensure
compliance with environmental regulations, and reduce costs.
Dry docking is essential to ensure that shipping companies comply with new environmental
regulations while maintaining operational efficiency. The dry docking process provides
opportunities to:
« Retrofit ships with the latest energy-efficient and emission-reducing technologies,
« Perform routine maintenance that reduces fuel consumption and emissions,
« Ensure compliance with international regulations such as EEDI, EEXI, and CII.
By strategically scheduling dry docking periods, shipping companies can remain compliant
with regulations while minimizing operational disruptions and costs, ensuring a sustainable

and efficient future for the shipping industry.

Chapter 5 : Innovations and advancements in dry docking

5.1 Introduction of dry-docking technologies

Dry docking is a vital operation in the maritime industry that involves positioning a ship or
boat on a pier or in a dock without water, enabling access to the vessel's submerged components
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for inspection, cleaning, and repairs. This procedure ensures the vessel's safety, enhances its
performance, and extends its operational lifespan. Dry docks can be classified into several
categories based on their structure and function, including graving docks, floating docks, ship
lifts, docking blocks, dock gates, pumping systems, transfer systems, and automatic ballasting
systems (Mdiller, 2019).

Graving Docks:

Graving docks are large, permanent structures typically constructed from stone or concrete.
Vessels are floated into the dock, which is then sealed with a dock gate, allowing the water to
be pumped out, leaving the ship dry for maintenance. These docks are commonly found in
harbors and provide a stable and secure environment, facilitating long periods of productive
work. However, graving docks require substantial physical space and incur high construction

and maintenance costs due to their size and permanence (Smith et al., 2020).

Floating Docks:

Floating docks are designed to remain buoyant on the water surface, offering a versatile
platform for ship maintenance. Constructed primarily from steel, these docks are equipped with
ballast tanks to control buoyancy. The docking process involves submerging the dock to allow
the vessel to float in, after which pumping systems remove water from the ballast tanks, causing
the dock and the ship to rise above the water. Floating docks are highly flexible and can be
used in various locations, making them an efficient option for ship maintenance and repairs
(Zhang & Li, 2021).

Ship Lifts:

Ship lifts, also known as ship hoists, are robust platforms equipped with lifting mechanisms
that can raise vessels out of the water. These systems offer fast turnaround times and are
particularly useful in space-constrained shipyards. Ship lifts are ideal for quick maintenance
operations but require careful engineering to maximize their lifting capacity and ensure safety

during operation.

In summary, dry docking is an essential procedure that allows for thorough inspection and
maintenance of maritime vessels. The choice of dry dock type—whether graving dock, floating

dock, or ship lift—depends on factors such as space availability, cost, and the specific needs
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of the shipyard or vessel being serviced. Each dry docking method offers unique advantages

for improving the efficiency, safety, and longevity of ships.

The development of dry-docking technology has led to the introduction of computer systems
into automated pumping systems. These systems allow for more precise regulation of water
levels, which enhances both safety and efficiency (IMO, 2021). One significant advancement
is green docking, a method aimed at reducing pollution in maritime environments through the
use of various pollution-fighting technologies such as improved filtering mechanisms and

vacuum-based hull cleaning systems (McKinsey, 2020).

There have also been advancements in materials and technology. For instance, nanotechnology
coatings have demonstrated significant efficacy in reducing marine growth, while improved
alloys have efficiently mitigated the effects of corrosion (Clarksons Research, 2022).
Additionally, the application of augmented reality (AR) technology combined with 3D
modeling facilitates virtual analysis and allows for efficient repair planning before the actual

docking procedure, resulting in reduced operational downtime (DNV, 2020).

Safety and environmental impact are critical aspects that require careful attention. The use of
simulations for enhanced training and the implementation of unmanned aerial vehicles
(UAVSs), which are promising for inspections due to their ability to minimize human exposure
to hazardous situations, are noteworthy developments (OECD, 2020). In waste management,
advanced filtering systems are used to efficiently sort and treat a variety of contaminants
(UNCTAD, 2021).

Environmental regulations are continually updated to incorporate the latest scientific
discoveries, and the International Maritime Organization (IMO) standards are becoming
increasingly stringent. Adhering to regular dry-docking protocols is crucial for optimizing a
ship’s operational efficiency. As a result, vessels that undergo routine maintenance save

substantial fuel and benefit from lower insurance premiums (IMO, 2021).

Leading shipyards in South Korea and China, such as Hyundai Heavy Industries and Dalian
Shipbuilding Industry Company, are at the forefront of adopting modern dry-docking
technologies, which are closely linked to the advancement of the maritime industry (Clarksons
Research, 2022). Robots are used for tasks like hull cleaning and painting, while augmented

reality (AR) provides real-time guidance for repair procedures. The integration of artificial
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intelligence (Al) and the Internet of Things (10T) enables predictive maintenance, reducing the

need for reactive measures and enhancing operational efficiency (McKinsey, 2020).

In conclusion, the evolution of dry-docking technology is closely tied to the development of
the maritime industry, leading to increased operational efficiency and environmental
sustainability (IMO, 2021; OECD, 2020).

5.2 Automation and robotics in dry docking processes

In the maritime industry, the integration of automation and robots is causing a considerable
shift in the processes of inspection, evaluation, hull cleaning, paint removal, welding, structural
repairs, and maintenance. Remotely operated vehicles (ROVs) are equipped with high-
definition cameras, sonar technology, and other sensing equipment to study locations that are
either too dangerous for human divers to visit or are inaccessible to them altogether (Muller &
Zhang, 2020). Unmanned aerial vehicles (UAVSs) of the modern day are equipped with artificial
intelligence algorithms that can automatically detect and classify deviations from the norm as

well as abnormalities (Jones & Peters, 2019).

The successful navigation of vertical surfaces is accomplished by climbing robots through the
employment of sticky technologies, which may rely on magnetic forces or suction (Smith et
al., 2021). Ultrasonic sensors are able to evaluate the thickness of the hull, making it possible
to detect any areas of corrosion that may not be visible to the naked eye (Brown & Wang,
2020). As a result of technological advancements and the potential of automated processes
within the maritime industry, there is less of a requirement for manual labor and dependence
on human divers. This leads to increased productivity and uniformity within the cleaning
process (Kim & Zhao, 2021).

Automated spray-painting systems in industrial settings improve the longevity of protective
covers by making them more durable and thus extending their usefulness. These systems have
demonstrated their ability to function in environments with fume concentrations at particular
thresholds, potentially placing human safety in jeopardy (Green et al., 2020). Within the
industry, Precision Coating is a highly renowned organization that ensures specialized
treatments are only carried out when they are actually required, reducing material waste (Smith
& Harris, 2019).
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Welding robots that are automated in industrial settings ensure a consistent level of quality and
reduce the likelihood that humans will be exposed to the many dangers associated with
welding. These robots are instrumental in increasing the precision and safety of welding
operations (Kim & Zhao, 2021). Robots performing non-destructive testing (NDT) are
primarily focused on quality control and assessing whether repairs have been successfully
executed. This contributes to improving the reliability and durability of ship components
(Brown & Wang, 2020).

The process of handling a wide variety of components in an automated method can be improved
and streamlined with the assistance of automated component handling systems. Precise
positioning is essential, particularly when installing and protecting expensive components like
propellers, to ensure successful outcomes (Smith & Harris, 2019). Maintenance robots extend
the operational lifespan of ship components through regular maintenance procedures,

minimizing the need for frequent repairs and replacements (Jones & Peters, 2019).

The primary focus of recent advancements is the analysis of data and the use of various methods
of predictive maintenance. Companies are increasingly adopting integrated management
systems (IMS) as a strategic framework to efficiently manage different management systems
within a unified structure. Centralized data collection significantly improves the ability to
monitor and analyze data in real-time, facilitating the application of predictive analytics. This
approach is a critical aspect of Industry 4.0, which is revolutionizing the shipbuilding and

maintenance sector (Green et al., 2020).

In conclusion, the incorporation of automation and robots into the maritime sector is
transforming operations, enhancing productivity, precision, and safety within the industry
(Miller & Zhang, 2020).

The necessity of enhancing productivity, precision, and safety has been a driving force behind
the shift toward the use of automation and robotics in dry docking (Jones et al., 2020). This
includes multiple components, such as assessment and appraisal, painting and coating, welding
and structural repairs, component substitution and maintenance, predictive maintenance, and

safety protocols (Brown & Zhao, 2019).

Climbing robots and underwater remotely operated vehicles (ROVs) are utilized in the process
of inspecting the hull of a submerged vessel to detect areas of damage caused by corrosion or

degradation. These robots capture high-resolution images and use ultrasonic sensors to measure
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material thickness and identify faults (Muller & Green, 2021). They are designed to safely
attach to the surface of the ship’s hull, making the removal of marine growth and old paint

layers more efficient (Smith et al., 2021).

Automated spray-painting robots standardize the application of paint, reducing waste while
extending the longevity of painted surfaces (Kim et al., 2022). These robots can operate in
hazardous environments without compromising human safety, and advanced sensors enable

precise treatments in specific geographic areas (Jones et al., 2020).

Automated welding robots produce consistent, high-quality welds, particularly useful for
repetitive tasks or in locations with accessibility challenges. Additionally, Non-Destructive
Testing (NDT) robots perform ultrasonic testing and radiography to assess the integrity and
quality of welded joints and structural repairs (Brown & Zhao, 2019). These advancements

ensure the efficiency and reliability of dry docking operations.

By utilizing high-tech cameras and sensors, Automated Component Handling Systems (ACHS)
facilitate the efficient replacement of large-scale components like rudders and propellers
(Smith & Zhao, 2020). Maintenance robots carry out fundamental tasks and inspections,
enabling autonomous completion of maintenance responsibilities, further enhancing efficiency

and reducing human intervention in potentially hazardous tasks (Brown & Miiller, 2021).

Data collection is becoming more prevalent due to the extensive use of robots and automated
systems, leading to the increased popularity of integrated management systems (IMS) in the
maritime industry. These systems analyze data to provide insights into the ship's condition,
predict potential problems, and recommend timely solutions (Jones et al., 2021). This
predictive capability is crucial in reducing unforeseen repairs and ensuring vessels maintain

operational efficiency.

Firefighting robots equipped with heat sensors and other firefighting gear are increasingly
being used in fire-related incidents, reducing risks to human personnel (Kim & Green, 2020).
Similarly, gas-detecting robots are used preemptively to detect hazardous gases in confined

spaces, ensuring the safety of personnel before they enter these areas (Brown et al., 2022).

The use of automation and robotics in dry docking offers several advantages, such as improved
turnaround times, reduced downtime, increased safety, and prioritization of environmental

concerns (Muller & Green, 2021). However, challenges such as significant initial investment,
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specialized training, routine maintenance, and constructing backup systems to ensure

redundancy remain obstacles to widespread adoption (Smith & Zhao, 2020).

5.3 Sustainable and eco-friendly dry-docking practices

Ships typically need to be removed from their natural environments to undergo maintenance,
repairs, or refurbishing work while docked in dry dock, a common procedure in the maritime
industry (Smith & Johnson, 2020). There is increasing demand to integrate environmentally
conscious techniques into dry docking operations due to growing global concerns about
environmental sustainability and the need to promote sustainable practices (Brown & Zhao,
2021).

Environmental science and engineering encompass a variety of important subfields, including
water treatment and recycling, which are essential in dry docking. During a ship's maintenance
in dry dock, substantial amounts of water are used for cleaning the hull, pressure washing, and
other maintenance tasks. Collecting and treating wastewater is critical to ensure that
contaminants, such as oil, grease, and other chemicals, are removed (Kim et al., 2022). These
processes often involve multi-stage systems such as oil-water separators, sedimentation tanks,

and advanced filtration systems, or biological treatments (Jones & Green, 2021).

Water treatment not only minimizes the environmental impact but can also offer long-term cost
savings by recycling treated water for other purposes (Zhao & Miiller, 2021). By reusing
processed water, businesses reduce the need for fresh water resources while also adhering to
stricter regulations and reducing the risk of water pollution (Brown & Zhao, 2021). This aligns
with the broader goal of enhancing sustainability within the industry by mitigating the

environmental risks associated with dry docking activities.

Traditional methods of sandblasting, hydro blasting, vacuum blasting, and waste management
are integral to achieving environmental sustainability in maritime blasting operations. These
processes are used to clean and prepare surfaces for painting or coating, but can produce
significant waste and emissions if not managed properly (Lee & Turner, 2019). The use of

environmentally friendly paints and varnishes, noise pollution management, exhaust gas
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cleaning systems (EGCS), and sustainable construction materials can further contribute to

sustainable practices in the maritime sector (Green & Jackson, 2020).

Optimizing energy consumption through the implementation of technologies such as LED
lighting, solar panels, energy-efficient equipment, and smart grids can result in long-term cost
savings, increased facility value, and improved reputation (Smith & Roberts, 2021). Moreover,
the adoption of sustainable energy solutions can also attract government incentives and
accolades, as recognition of ecologically sustainable practices becomes more prominent (Jones
et al., 2020).

Source segregation, an essential aspect of waste management and recycling, involves
separating recyclable materials from hazardous waste. Working with certified waste disposal
or recycling companies ensures compliance with environmental regulations and enhances
sustainability efforts (Lee & Turner, 2019).

Switching to environmentally friendly paints and varnishes helps mitigate potential negative
impacts on marine ecosystems, which in turn increases the commercial value and desirability
of vessels (Green & Jackson, 2020). Noise pollution management is another critical factor,
involving the use of quieter machinery, strategic placement of noise-generating equipment, and

the installation of noise barriers (Jones et al., 2020).

Exhaust gas cleaning systems (EGCS) are crucial in reducing air pollution from maritime
vessels by filtering pollutants such as sulfur oxides from exhaust emissions. These systems
help shipping companies comply with international emission standards, take advantage of
carbon credits, and reduce health risks for dock workers (Smith & Roberts, 2021). Sustainable
construction materials and advanced waste management practices also play a key role in

reducing the environmental footprint of maritime operations (Green & Jackson, 2020)

Bamboo, reclaimed wood, repurposed metal, and environmentally friendly concrete are
excellent examples of sustainable building materials that can significantly improve the lifespan
of structures. Using these materials enhances an organization's environmental credentials and
can make it easier to obtain green certifications or awards (Lee & Green, 2020). Bamboo, for
instance, is a fast-growing renewable resource that requires minimal energy to process, while

reclaimed wood reduces the demand for virgin timber and prevents waste. Similarly,
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repurposed metal and eco-friendly concrete—often made with recycled content—further

reduce the carbon footprint of construction projects (Jackson et al., 2021).

Training and awareness are critical components in the adoption of sustainable practices. By
educating employees on the significance of environmentally responsible behaviors and
promoting advancements in eco-friendly technologies, organizations can foster a culture of
sustainability (Smith & Turner, 2019). Furthermore, the financial advantages linked to
sustainable practices, such as reduced energy consumption and lower operational costs, make

it easier to justify the initial investment required for these initiatives (Roberts, 2018).

In conclusion, while the implementation of sustainable practices in dry docking operations may
require an upfront financial investment, the long-term benefits, both economic and
environmental, make these initiatives highly valuable. By embracing eco-friendly materials
and practices, dry-docking facilities can establish themselves as leaders in sustainability,
contributing significantly to a more sustainable and environmentally friendly future (Jones &
Roberts, 2020).

Impact of Innovations on Dry Docking Procedures: A Case Study

Technological advancements have revolutionized dry docking procedures, transforming
traditional methods into highly efficient and environmentally sustainable practices. A case
study of a tanker vessel illustrates this impact. The integration of robotics in hull cleaning
operations reduced the overall docking time by 20%, as autonomous systems performed

cleaning tasks more swiftly and effectively than manual labor (ABS, 2021).

Predictive maintenance, supported by real-time data analytics, enabled the identification of
machinery issues before failure occurred, minimizing downtime and repair costs. For
example, vibration sensors installed on the propulsion system detected early signs of

misalignment, allowing for timely adjustments during dry docking (DNV, 2022).

Digital twins, virtual replicas of physical ship systems, facilitated simulations to optimize
maintenance schedules. These simulations allowed engineers to predict wear and tear,
allocate resources more effectively, and ensure compliance with classification society
requirements (IMO, 2022).
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Furthermore, environmental innovations, such as the use of eco-friendly antifouling paints,
reduced the ecological footprint of dry docking activities. These paints comply with
MARPOL regulations and extend intervals between dockings by preventing biofouling more

effectively than traditional coatings (Stopford, 2009).

The evolution of dry docking practices illustrates the maritime industry's adaptation to
technological advancements and stricter regulatory frameworks. The integration of advanced
inspection and repair techniques, coupled with the enforcement of updated standards by
classification societies, has enhanced the operational readiness and sustainability of vessels.
This case study underscores the importance of continuous innovation and regulatory

oversight in shaping the future of maritime maintenance practices.
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V1. Conclusion

The process of withdrawing a vessel from its natural aquatic habitat and bringing it to dry dock
for comprehensive inspections, maintenance, repairs, or restorations is essential to ensuring the
vessel’s safety, operational efficiency, and long-term sustainability (Smith et al., 2019).
Regular dry docking optimizes marine operations by addressing any issues that could
compromise seaworthiness, such as leaks, damages, or malfunctions, thus minimizing potential

risks and enhancing the vessel's reliability (Jones, 2020).

Dry docking plays a vital role in regulatory compliance within the maritime industry.
Inspections conducted during dry docking ensure that vessels continue to meet safety and
environmental standards set by governing bodies, thus reducing liability and ensuring
adherence to international regulations (IMO, 2017). One significant benefit of dry docking is
hull cleaning and maintenance, which reduces drag and improves fuel efficiency, leading to

lower operational costs and environmental impact (Roberts, 2018).

Routine maintenance performed during dry docking also extends the vessel's lifespan,
enhancing its overall performance by mitigating the effects of degradation on submerged
components such as propellers, shafts, and rudders (Lee & Turner, 2021). For shipowners
looking to sell or lease their vessels, maintaining them through regular dry docking can help
retain their value and command better market prices or rental rates, reflecting the care and

maintenance invested in the asset (Brown & Johnson, 2020).

When it comes to advancing sustainability in the maritime industry, environmental stewardship
is one of the most important components. The occurrence of marine pollution can be efficiently
mitigated by the implementation of preventive measures to avoid leaks or failures. This strategy
not only helps preserve the marine habitat but also makes the maritime industry more

environmentally friendly as a whole (Smith et al., 2020).

Dry docking offers several advantages, including comprehensive inspections, increased repair
efficiency, opportunities for modifications, predictive maintenance strategies, and maintenance
of operational continuity. It also supports cost efficiency and builds trust with stakeholders

such as investors, insurers, charterers, and regulatory agencies (Jones & Green, 2019).
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The process of dry docking is essential to ensuring the safety and durability of ships. It allows
for thorough visual examinations of the entire hull, facilitating the identification of issues such

as corrosion, structural faults, anode wear, and marine organisms (Roberts & Turner, 2021).

By removing the ship from the water, more effective repairs can be carried out, such as welding,
replacing worn or damaged components, reconditioning propellers, and upgrading marine

valves and subaquatic fittings (Lee et al., 2020).

Maintaining the hull is another key aspect of dry docking, as it reduces hydrodynamic drag,
improving both fuel efficiency and speed. A ship in dry dock undergoes procedures such as the
removal of marine growth, application of new antifouling paint, and inspection and repair of

corroded areas and propulsion systems (Brown & Johnson, 2020).

In conclusion, dry docking is an essential technique in maritime operations that ensures the
safety, operational efficiency, and long-term viability of vessels (Smith et al., 2020). The
process of dry docking presents opportunities for retrofitting or upgrading vessels with modern
equipment and features, such as advanced engines, ballast water treatment systems, and exhaust
gas cleaning devices (Jones & Green, 2019). Predictive maintenance further enhances vessel
longevity by reducing the likelihood of catastrophic failures and minimizing potential damage
(Roberts & Turner, 2021).

The maritime industry is continuously evolving due to technological advancements, shifting
regulatory priorities, and environmental concerns. Significant changes in dry docking are
anticipated, particularly with the adoption of automation and robotics, which promise to
enhance accuracy and efficiency (Brown & Johnson, 2020). The emergence of digital twin
technology, which creates virtual replicas of vessels, holds promise for predictive maintenance.
This technology enables real-time monitoring, analysis, and simulation of vessels, allowing the

prediction of potential failure points in the ship's operational state (Lee et al., 2020).

Sophisticated monitoring systems, equipped with advanced sensors, data collection methods,
and analytical tools, enable the real-time observation and management of a variety of processes
on ships. The integration of sensors throughout the vessel provides immediate feedback on the
condition of different components, which can be used to alert operators of necessary
maintenance or identify critical issues (Jones & Lee, 2020). This real-time monitoring
promotes proactive, preventative maintenance, reducing the scope of work needed during dry
docking (Roberts et al., 2019).
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With the increasing global emphasis on sustainability and environmental regulations, adopting
environmentally sustainable practices in dry-docking operations is becoming more important.
Such practices can minimize the environmental footprint of the dock, potentially leading to
financial incentives or certifications that improve the dock’s reputation and attract more

business (Smith & Green, 2021).

The application of augmented reality (AR) and virtual reality (VR) in training holds significant
promise, especially in simulating dry-docking operations for personnel. AR can provide real-
time assistance during maintenance or repair tasks, enhancing safety measures, training
methodologies, and operational efficiency (Brown & Turner, 2020). Additionally, modular and
scalable dry docks offer increased flexibility by accommodating vessels of different sizes or
handling multiple ships simultaneously, contributing to economic sustainability (Lee &
Roberts, 2018).
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