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Introduction

Ship operators, designers, and yards face a dual imperative: protect marine
ecosystems while running efficient, profitable vessels. Ballast water and biofouling are
the two most consequential operational vectors for transferring organisms and for
degrading fuel efficiency through added drag. Regulations demand measurable
outcomes, not intentions, and customers and financiers increasingly expect verifiable
environmental performance. This book responds to that reality by translating policy
and science into engineering solutions and day-to-day practices that work at sea and
in the yard.

Our focus is deliberately practical. We explore ballast water treatment systems from
the pump room outward: how to choose, size, and integrate equipment; what to
expect during commissioning; and how to operate reliably in turbid estuaries, cold
waters, and high-salinity ports. We pair that with hull fouling management strategies
that reduce resistance and emissions, showing how coatings, cleaning regimes, and
voyage choices interact with energy use. Throughout, we connect decisions to
measurable compliance and fuel savings, because environmental stewardship and
efficiency are strongest when pursued together.

The chapters on antifouling technologies examine both biocidal and non-biocidal
options, with an emphasis on performance envelopes, surface preparation, and quality
assurance. We treat niche areas—sea chests, gratings, thrusters, and intake
channels—not as afterthoughts but as critical zones that often determine overall
compliance risk. Readers will find clear guidance on in-water cleaning technologies,
waste capture requirements, and how to align port permits with operational schedules.

Monitoring and verification are the backbone of credible compliance. We detail
sampling plans, sensor placement, UV dose monitoring, TRO controls, and emerging
tools such as environmental DNA and automated image analytics. Just as importantly,
we cover the data layer: building robust logs, integrating with shipboard control
systems, and protecting records to satisfy inspectors and auditors. These practices
support not only regulatory inspections but continuous improvement across fleets.

Because many vessels are operating under tight commercial pressures, we include
decision frameworks for retrofits versus newbuild integration, along with lifecycle cost
models that weigh capital, off-hire, energy, and maintenance. The aim is to help
technical managers and superintendents choose systems that fit real
constraints—space, power, crew capability—while still achieving reliable compliance.
Yard planners will find checklists for work sequencing, hot work coordination, coatings
cure windows, and post-dock verification.
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Case studies demonstrate what success looks like, and where it can go wrong. We
draw lessons from fleets that optimized filtration-UV systems for high-turbidity routes,
from operators that shifted to foul-release coatings to unlock speed flexibility, and
from yards that streamlined installation to minimize off-hire. Each case translates into
templates and KPIs you can adapt, from dose-response curves to hull roughness
targets and cleaning trigger points.

Finally, we look ahead. Harmonization of standards, advances in materials science,
robotics for inspection and cleaning, and the widening use of digital twins will reshape
how the industry meets environmental expectations. By grounding future trends in
present-day constraints, this book equips you to implement compliant systems now
and to evolve them as technology and regulations advance. The goal is simple: make
compliance achievable, auditable, and economically sound.
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CHAPTER ONE: The Regulatory Landscape: IMO,
USCG, and Port State Control

The maritime industry, for all its romanticized notions of boundless oceans and free
passage, operates within an increasingly intricate web of international and national
regulations. This chapter unpacks the foundational legal and operational frameworks
that govern ballast water and biofouling management, primarily focusing on the roles
of the International Maritime Organization (IMO), the United States Coast Guard
(USCG), and the pervasive reach of Port State Control (PSC). Understanding these
entities and their instruments is not merely an academic exercise; it's the bedrock of
compliant and efficient shipping operations.

The specter of invasive aquatic species (IAS) looms large over the marine
environment, recognized globally as one of the four greatest threats to the world's
oceans. Ships, with their ability to transport vast quantities of ballast water and to
carry a diverse array of organisms on their hulls, are significant vectors for these
biological invasions. The economic and ecological consequences are profound, ranging
from damaged fishing industries and infrastructure to irreversible alterations of
biodiversity. It was this growing awareness that spurred the international community
to action, leading to the development of robust regulatory instruments.

The International Maritime Organization (IMO) and Ballast Water
Management

The IMO, a specialized agency of the United Nations, stands as the global standard-
setting authority for the safety, security, and environmental performance of
international shipping. Its efforts to address the transfer of IAS through ballast water
began in earnest in the early 1990s. Following the United Nations Conference on
Environment and Development (UNCED) in Rio de Janeiro in 1992, which highlighted
the issue as a major international concern, the IMO embarked on crafting a binding
international instrument.

After more than a decade of complex negotiations among its Member States, the
International Convention for the Control and Management of Ships’ Ballast Water and
Sediments (BWM Convention) was adopted in 2004. This landmark convention
represents a concerted global effort to protect the marine environment from the
transfer of harmful aquatic organisms and pathogens. The BWM Convention finally
entered into force globally on September 8, 2017, marking a significant milestone in
environmental protection for the shipping industry.
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The core objective of the BWM Convention is to prevent the spread of aquatic IAS by
establishing international standards for the management and control of ships' ballast
water and sediments. It mandates that all ships engaged in international traffic
manage their ballast water according to a specific standard, utilizing a ship-specific
Ballast Water Management Plan (BWMP), carrying a Ballast Water Record Book
(BWRB), and holding an International Ballast Water Management Certificate (IBWMC).
These documents are not just bureaucratic hurdles; they are critical tools for
demonstrating and verifying compliance.

Initially, the Convention introduced two different standards: D-1 and D-2. The D-1
standard primarily focused on ballast water exchange, requiring ships to exchange
ballast water taken on in coastal areas with open ocean water. However, the D-2
standard, which is the ultimate goal for all vessels, mandates that ballast water be
treated using an approved ballast water management system (BWMS) to meet specific
discharge performance criteria. The IMO's Marine Environment Protection Committee
(MEPC) has repeatedly reviewed the availability of appropriate technologies and
confirmed that suitable systems are indeed available to achieve the D-2 standard.

The implementation schedule for existing ships to comply with the D-2 standard was
initially linked to their International Oil Pollution Prevention Certificate (IOPPC) renewal
survey, with all ships eventually required to conform to the D-2 standard. This phased
approach allowed the industry time to adapt and invest in the necessary technology.
The BWMS Code, which superseded the earlier G8 Guidelines, became mandatory in
October 2019, providing a rigorous framework for the approval of ballast water
management systems. Furthermore, amendments adopted in November 2020 and
entering into force in June 2022 made the commissioning testing of BWMS mandatory,
requiring representative sampling and indicative analysis to demonstrate proper
operation.

The IMO's role doesn't end with the Convention's entry into force; it continuously
develops and updates a suite of guidelines to facilitate uniform and effective
implementation. These guidelines cover everything from the approval of active
substances used in BWMS to procedures for managing challenging water quality
conditions and even guidance on the temporary storage of treated sewage and grey
water in ballast tanks. Such detailed guidance is crucial for navigating the practical
complexities of ballast water management at sea.

The United States Coast Guard (USCG) and Ballast Water
Regulations

While the IMO sets international standards, individual nations retain the right to

implement their own domestic regulations, particularly within their territorial waters.
The United States, not being a signatory to the BWM Convention, developed its own
comprehensive set of ballast water management regulations through the U.S. Coast
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Guard (USCG). These regulations, while broadly aligned with the IMO's D-2 standard,
also include additional requirements and a distinct compliance schedule.

The USCG's Final Rule on Standards for Living Organisms in Ships' Ballast Water
Discharged in U.S. Waters was published in the Federal Register in March 2012. This
rule established a Ballast Water Discharge Standard (BWDS) that is largely consistent
with the IMO's D-2 standard for allowable concentrations of living organisms in
discharged ballast water. Specifically, it mandates that for organisms 50 micrometers
or greater in minimum dimension, the discharge must include fewer than 10 living
organisms per cubic meter of ballast water. For organisms between 10 and 50
micrometers, the limit is fewer than 10 living organisms per milliliter. The rule also
sets limits for indicator microorganisms such as Toxicogenic Vibrio cholerae,
Escherichia coli, and intestinal enterococci.

The USCG regulations apply to all non-recreational vessels, both US and foreign,
equipped with ballast tanks and operating in U.S. waters, with certain exemptions for
vessels engaged in coastwise trade or those operating exclusively within a single
Captain of the Port (COTP) zone. A key difference from the IMO framework is the
USCG's requirement for all ballast water treatment systems to be type-approved by
the USCG itself. While a foreign-approved system might be accepted temporarily as an
Alternate Management System (AMS) for a period of up to five years, ultimately, USCG
type-approval is necessary for long-term compliance in U.S. waters.

The compliance schedule for USCG regulations has also been distinct. New vessels
constructed on or after December 1, 2013, were required to comply with the BWDS
upon delivery. For existing vessels, the compliance dates were linked to their first
scheduled dry-docking after specific dates, generally pushing for treatment system
installation. However, the USCG has also allowed for extensions to the implementation
schedule in cases where a vessel owner can demonstrate that, despite all efforts,
compliance is not possible.

Beyond the discharge standards and type approval, USCG regulations also include
additional operational procedures that go beyond the IMO's requirements. These
include regular cleaning of ballast tanks to remove sediments, rinsing anchors and
chains upon retrieval, and regular removal of fouling from the hull, piping, and tanks.
Vessels are also required to maintain a Ballast Water Management Plan and keep
records of ballast and fouling management, although there is no requirement for the
BWMP to be approved by the USCG in the same way as for IMO. These seemingly
minor operational details can have significant implications for crew procedures and
maintenance schedules.

IMO Biofouling Guidelines

While the IMO has a binding convention for ballast water, its approach to biofouling
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management has, until recently, been through a set of voluntary guidelines. The issue
of invasive aquatic species transfer via ship biofouling was first formally brought to the
IMQO's attention in 2006. This led to the adoption of the "Guidelines for the Control and
Management of Ships' Biofouling to Minimize the Transfer of Invasive Aquatic Species"
in 2011. These guidelines provided a framework for managing biofouling,
acknowledging its role as a vector for IAS and its impact on fuel efficiency.

However, recognizing that the impact of the 2011 guidelines was insufficient in
preventing the spread of IAS, the IMO undertook a comprehensive review. This
revision process culminated in the adoption of the "2023 Guidelines for the Control
and Management of Ships' Biofouling to Minimize the Transfer of Invasive Aquatic
Species" (resolution MEPC.378(80)) at the MEPC's eightieth session in July 2023. These
updated guidelines, while still voluntary, are intended to provide a globally consistent
approach to biofouling management.

The 2023 Biofouling Guidelines incorporate new elements to enhance consistency and
effectiveness. Key changes include a fouling rating system with four levels,
requirements for monitoring antifouling systems and marine growth prevention
systems, specific risk assessment guidance, and provisions for contingency plans and
electronic record-keeping. The guidelines emphasize that effective biofouling
management is not just an environmental imperative but also a significant tool for
enhancing energy efficiency and reducing greenhouse gas emissions, given that hull
fouling can increase fuel consumption by as much as 35%.

Despite the voluntary nature of the IMO Biofouling Guidelines, several countries and
regions have implemented their own mandatory regulations that go beyond these
guidelines. For instance, California and New Zealand have particularly strict
requirements. California's regulations, effective since 2018 for newbuilds and existing
vessels after their first dry dock, mandate the development and maintenance of a
Biofouling Management Plan and a Biofouling Record Book, along with mandatory
management of all wetted surfaces, especially for vessels with extended residency
periods. Similarly, New Zealand, since May 2018, requires all commercial and
recreational vessels arriving in its waters to meet a "clean hull" threshold, based on its
Craft Risk Management Standard (CRMS). Australia also introduced biofouling
regulations in 2022, mandating Biofouling Management Plans and strict cleaning
protocols, with vessels subject to inspections and risk assessments. These regional
variations underscore the need for shipowners and operators to be aware of the
specific requirements of the ports and countries they intend to visit.

Port State Control: The Enforcement Arm
Even with well-defined international conventions and national regulations, compliance

hinges on effective enforcement. This is where Port State Control (PSC) plays a pivotal
role. PSC refers to the inspection of foreign ships in national ports by PSC officers
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(PSCOs) to verify that the condition of the ship and its equipment comply with the
requirements of international conventions and national laws. It acts as a crucial safety
net, catching vessels that might otherwise slip through the cracks of flag State
oversight.

PSC inspections are not arbitrary. They are conducted under various regional
Memoranda of Understanding (MoUs), such as the Paris MoU, Tokyo MoU, and others,
which harmonize inspection procedures and target specific areas of concern. For
ballast water management, PSC has become an increasingly significant factor since
the BWM Convention entered into force. In fact, concentrated inspection campaigns
(CICs) are regularly carried out, with specific themes. For instance, the Paris and Tokyo
MoUs, among others, have agreed to run a CIC focused on ballast water management
from September 1 to November 30, 2025.

During these inspections, PSCOs will use a pre-defined questionnaire to assess various
aspects of ballast water management. Key areas of verification include proper
certification for the BWM Convention, the approval and upkeep of the Ballast Water
Management Plan (BWMP), crew familiarity with implementing the BWMP, the approval
and operation of the Ballast Water Management System (BWMS), accurate records in
the Ballast Water Record Book (BWRB), ballast water sediment management, and the
validity of any exemptions. The consistency and accuracy of documentation,
particularly the BWRB, have emerged as significant areas of concern, with a high
percentage of deficiencies linked to poor record-keeping or administrative errors.

PSC inspections go beyond merely checking paperwork; they delve into operational
behavior and crew awareness. PSCOs expect crews to demonstrate their ability to
operate the BWMS as intended, from routine maintenance to implementing
contingency measures for challenging water quality conditions, as outlined in the
vessel's BWMP. The use of non-approved chemicals in BWMS, for example, could not
only pose safety risks but also invalidate system type approval and lead to
deficiencies or fines, especially under USCG inspections.

The consequences of non-compliance discovered during a PSC inspection can be
severe. These may range from recording a deficiency and instructing the Master to
rectify it within a certain time to, in more serious cases, detaining the ship until the
deficiencies have been rectified. Such detentions can lead to significant financial
penalties, operational delays, and reputational damage. Therefore, being thoroughly
prepared for PSC inspections is not just good practice, it is an economic necessity.

The Harmonized System of Survey and Certification (HSSC)
To streamline the survey and certification process across various international

conventions, the IMO developed the Harmonized System of Survey and Certification
(HSSC). Introduced through a protocol to the SOLAS Convention in 1988 and entering
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into force in February 2000, the HSSC aims to standardize the validity periods and
intervals between surveys for major convention certificates.

Before HSSC, each convention had its own survey schedule, often leading to repetitive
inspections and overlapping certificates. The HSSC simplifies this by grouping various
certification requirements under a single umbrella with standardized timelines for
initial, annual, intermediate, renewal, and additional surveys. This harmonization
allows a ship to plan multiple surveys during a single dry-docking or port call, reducing
the overall number of inspections, minimizing operational disruptions, and ultimately
cutting costs for shipowners.

While not a standalone convention, the HSSC forms the backbone for unifying survey
requirements under conventions such as SOLAS, MARPOL, and Load Lines, among
others. The maximum period of validity for most statutory certificates, with the
exception of the Passenger Ship Safety Certificate, is five years under HSSC. The HSSC
ensures a consistent approach to verifying compliance with international standards,
which indirectly supports the robust implementation of regulations related to ballast
water and biofouling by ensuring that the necessary certificates, which reflect
adherence to management plans and system approvals, are regularly surveyed and
validated.
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