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Introduction

Ships move the world’s energy, food, and manufactured goods, yet the way we design
and build them must change to meet the climate and environmental challenges of our
century. Sustainability and Low-Carbon Shipbuilding explores how naval architects,
shipyard leaders, owners, and suppliers can collaborate to reduce greenhouse gas
emissions and broader environmental impacts—from the first sketch of a hull to a
vessel’s final dismantling. This is a practical, engineering-driven book that connects
strategy to shop-floor decisions, translating ambitious targets into the daily choices
that determine outcomes.

The path to net-zero in maritime is multidimensional. Hull form and propulsion matter,
but so do materials selection, outfitting practices, yard energy use, logistics, and the
performance of auxiliary systems. A vessel’s carbon footprint is shaped by thousands
of small decisions across a complex supply chain, each with cost, safety, and schedule
implications. To navigate this complexity, we adopt systems thinking anchored in
lifecycle assessment (LCA): quantify the baseline, identify the hotspots, evaluate
alternatives, and implement solutions that deliver measurable reductions without
compromising safety or mission profiles.

Technology is advancing quickly—batteries, fuel cells, power electronics, wind-assist
devices, and alternative fuels are moving from pilot projects to commercial
deployment. Yet technology alone is not enough. Success also depends on
governance, data, and economics: aligning ESG goals with design briefs and yard
operating procedures; capturing reliable measurements for MRV and KPI tracking; and
structuring projects so that capital and operational expenditures are balanced against
emissions reductions and regulatory compliance. Throughout this book we show how
to combine engineering rigor with credible reporting, enabling stakeholders to meet
tightening requirements while unlocking operational efficiencies.

Shipyards themselves are powerful levers for decarbonization. Choices about layout,
equipment electrification, heat recovery, and materials handling can cut energy use
and waste, while lean and 5S methods reduce defects and rework that silently embed
carbon in every delivered vessel. We detail straightforward steps—from shore power
and green bunkering interfaces to welding process optimization and low-VOC
coatings—that reduce emissions and improve safety and quality. Many of these
measures yield attractive paybacks and can be phased in during routine upgrades.

Because no two projects are alike, we emphasize adaptable frameworks and decision

tools. You will find checklists to scope LCA boundaries, templates to compare
propulsion options across duty cycles, and guidance on engaging class societies and
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regulators when adopting emerging technologies. Case studies illustrate trade-offs for
ferries, offshore support vessels, coastal cargo ships, and workboats, highlighting how
local infrastructure, routes, and cargo profiles shape the optimal solution.

Our goal is simple: equip you to design vessels and yards that are cleaner, quieter,
and more efficient—without losing sight of commercial reality and uncompromising
safety. By the end of this book, you will be able to articulate a clear decarbonization
strategy, prioritize high-impact interventions, measure progress credibly, and build the
collaborations necessary to deliver ships that meet today’s expectations and
tomorrow’s standards.
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CHAPTER ONE: The Decarbonization Imperative in
Shipbuilding

The maritime industry, often operating out of sight and out of mind for the average
consumer, is the backbone of global trade. From the clothes on our backs to the coffee
in our mugs, an astounding 80% of all goods traded globally travel by sea. This
colossal reliance on shipping, however, comes with a significant environmental cost,
predominantly in the form of greenhouse gas (GHG) emissions. For decades, the sheer
scale of the industry often overshadowed concerns about its environmental footprint,
but those days are rapidly receding into the wake. The decarbonization imperative is
no longer a distant whisper on the horizon; it is a booming foghorn demanding
immediate and decisive action.

To truly grasp the scale of the challenge and the urgency of the response, we must
first understand the current landscape of emissions. Shipping currently accounts for
approximately 2.89% of global anthropogenic greenhouse gas emissions, a figure that,
while seemingly small, is equivalent to the emissions of a major industrial nation. The
primary culprit, as one might expect, is the combustion of heavy fuel oil (HFO) and
marine gas oil (MGO) in internal combustion engines. These fuels, rich in carbon,
release vast quantities of carbon dioxide (CO2) along with other pollutants like sulfur
oxides (SOx), nitrogen oxides (NOx), and particulate matter, all contributing to air
pollution and posing significant health risks in coastal areas and port cities.

The trajectory of these emissions is particularly concerning. Without significant
intervention, maritime GHG emissions are projected to increase substantially,
potentially by 50% to 250% by 2050, depending on global trade growth and the
uptake of decarbonization measures. This stark projection clashes directly with the
global climate targets set forth in the Paris Agreement, which aims to limit global
warming to well below 2°C, preferably to 1.5°C, compared to pre-industrial levels. For
an industry that literally connects the world, becoming a major impediment to global
climate goals is an untenable position.

Recognizing this critical juncture, the International Maritime Organization (IMO), the
United Nations specialized agency responsible for regulating shipping, has taken
increasingly assertive steps. Initially, the focus was largely on air pollutants like SOx
and NOx, leading to the implementation of the IMO 2020 sulfur cap, which
dramatically reduced the permissible sulfur content in marine fuels. While a significant
step, this regulation primarily addressed air quality rather than direct GHG emissions.
However, the tide has turned firmly towards carbon.
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In 2018, the IMO adopted an initial strategy for reducing GHG emissions from ships,
setting ambitious targets: to reduce total annual GHG emissions by at least 50% by
2050 compared to 2008 levels, and to pursue efforts to phase them out entirely as
soon as possible in this century. This strategy also included a target to reduce carbon
intensity of international shipping by at least 40% by 2030, striving for 70% by 2050,
compared to 2008 levels. These targets, while a good start, are constantly under
review and are likely to become even more stringent as the urgency of the climate
crisis intensifies and technological solutions mature.

The IMO's initial strategy has since been strengthened and supplemented with
concrete measures. Key among these are the Carbon Intensity Indicator (Cll) and the
Energy Efficiency Existing Ship Index (EEXI), which came into force in 2023. The EEXI
is a technical measure that applies to existing ships, requiring them to meet a specific
energy efficiency standard based on their design parameters. The Cll, on the other
hand, is an operational measure, assigning an annual rating (A to E) to ships based on
their actual operational carbon intensity. Ships with a D or E rating for three
consecutive years must submit a plan of corrective actions to their flag administration.
These measures are designed to drive continuous improvement in the operational
efficiency of the global fleet.

Beyond the IMO, regional bodies and national governments are also stepping up their
efforts. The European Union, for instance, has included shipping in its Emissions
Trading System (ETS) from 2024, gradually phasing in requirements for shipping
companies to surrender allowances for their GHG emissions. This move introduces a
direct financial cost for emissions, providing a powerful economic incentive for
decarbonization. Similar initiatives are being explored and implemented in other
jurisdictions, creating a complex and evolving regulatory landscape that shipbuilders
and owners must navigate.

The pressure for decarbonization isn't solely external, driven by regulators and
international agreements. Increasingly, financial institutions, investors, and charterers
are incorporating environmental, social, and governance (ESG) criteria into their
decision-making processes. Banks are offering "green loans" with more favorable
terms for environmentally friendly vessels, and some investment funds are actively
divesting from companies with poor environmental performance. Major cargo owners,
keen to demonstrate their own commitment to sustainability, are increasingly
demanding lower-emission shipping options from their logistics providers, creating a
market pull for greener vessels. This shift in financial and commercial drivers means
that decarbonization is no longer just a compliance issue; it's becoming a fundamental
aspect of commercial viability and competitiveness.

The shipbuilding industry, therefore, finds itself at the epicenter of this seismic shift.
For centuries, the core principles of shipbuilding remained relatively consistent: build
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strong, build seaworthy, and build to last. While innovation has always been present, it
has often been incremental, focusing on efficiency gains within established paradigms.
Now, however, the industry faces a demand for transformational change. This isn't just
about tweaking existing designs; it's about fundamentally rethinking how ships are
conceived, designed, built, and operated. It requires a radical departure from business-
as-usual and embraces a holistic approach that considers every aspect of a vessel's
lifecycle.

This imperative goes beyond simply reducing emissions from the ship itself during its
operational life. It extends to the entire value chain of shipbuilding. The "carbon
footprint" of a vessel begins long before it touches water, encompassing the extraction
and processing of raw materials, the energy used in manufacturing components, the
emissions from the shipyard's operations, and even the transportation of materials to
the yard. A true commitment to low-carbon shipbuilding demands a lifecycle
perspective, addressing embodied emissions alongside operational emissions. This
means scrutinizing everything from the steel plates and composite materials used in
the hull to the paints and coatings applied, and the energy sources powering the
shipyard's cranes and welding equipment.

The challenges are undeniably significant. The long lifespan of ships, typically 20-30
years or more, means that decisions made today will lock in emissions for decades to
come. The capital-intensive nature of shipbuilding, coupled with the inherent risks of
adopting nascent technologies, can make owners and operators hesitant to invest in
unproven solutions. Furthermore, the global nature of shipping, with diverse
regulatory frameworks and varying levels of infrastructure development for alternative
fuels, adds layers of complexity. The sheer scale of the existing global fleet also
presents a daunting retrofitting challenge, as replacing thousands of vessels overnight
is simply not feasible.

Yet, alongside these challenges lie immense opportunities. The drive for
decarbonization is spurring an unprecedented wave of innovation across the maritime
sector. New propulsion technologies, from battery-electric systems to fuel cells and
advanced internal combustion engines capable of running on alternative fuels like
methanol, ammonia, and hydrogen, are rapidly evolving. Designs for hull forms are
becoming even more optimized for hydrodynamics, and lightweight materials are
gaining traction. Digitalization, in the form of advanced sensors, data analytics, and
digital twins, offers powerful tools for optimizing vessel performance and reducing
energy consumption.

Moreover, this transition offers the shipbuilding industry a chance to redefine its role
and enhance its value proposition. By becoming leaders in low-carbon solutions,
shipyards can attract new talent, foster innovation, and secure a competitive
advantage in a rapidly changing market. Developing expertise in green materials,
advanced manufacturing processes, and the integration of complex low-emission
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systems will be crucial for future success. This isn't just about compliance; it's about
creating a more resilient, sustainable, and ultimately, more profitable industry.

The decarbonization imperative is, therefore, a multifaceted challenge demanding a
multifaceted response. It requires collaboration across the entire maritime ecosystem:
shipyards, naval architects, owners, operators, technology providers, fuel suppliers,
regulators, and financial institutions. It demands a willingness to experiment, to learn
from failures, and to scale up successes rapidly. It is a journey, not a destination, but
one that the shipbuilding industry has unequivocally begun. The chapters that follow
will delve into the practical steps, technologies, and strategies that will enable this
critical transformation, providing a roadmap for designing vessels and yards that are
truly fit for a net-zero future.
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