Healthg%;é GLOSSARY

Postgraduate Certificate in Shipping Decarbonization Strategies

Risk Management and Resilience in Green Shipping

ABS Classification

Concept: Safety standards for vessels.

Related terms: International Association of Classification Societies (IACS), Ship certification.

Explanation: ABS (American Bureau of Shipping) develops rules that address structural integrity, machinery,
and environmental performance, including requirements for carbon-intensity monitoring and emissions
control.

Example: A container ship retrofitted with scrubbers must comply with ABS’s updated guidelines for ballast
water treatment and greenhouse-gas reporting.

Practical application: Ship owners engage ABS auditors to verify compliance with the Energy Efficiency
Existing Ship Index (EEXI) and the Carbon Intensity Indicator (ClI).

Challenges: Aligning classification updates with rapidly evolving regulatory frameworks and ensuring
consistent interpretation across flag states.

Adaptation Measures

Concept: Strategies to reduce vulnerability to climate impacts.

Related terms: Resilience planning, Risk assessment.

Explanation: In green shipping, adaptation measures include reinforcing hull structures against increased
storm intensity, redesigning port infrastructure for higher sea-level rise, and adjusting operational schedules
to avoid extreme weather windows.

Example: The North Sea ports have installed adjustable gangways that can be raised during storm surges,
maintaining safe crew access.

Practical application: Shipping companies incorporate adaptation cost-benefit analyses into their capital
budgeting to prioritize investments that enhance vessel and route resilience.

Challenges: Uncertainty in climate projections and the need for cross-sector coordination between ship
owners, ports, and insurers.

Air Lubrication

Concept: Reducing hull friction through a thin air layer.

Related terms: Hull performance, Energy efficiency.

Explanation: Air-lubrication systems pump air along the bottom of the hull, decreasing water resistance and
thereby lowering fuel consumption and CO, emissions.

Example: A ferry operating in the Baltic Sea reported a 5% fuel savings after installing an air-lubrication
system.

Practical application: Vessel designers integrate air-lubrication modules during new builds, while retrofitting
existing ships involves hull-compatible air-distribution piping.

Challenges: System reliability in rough seas, maintenance of air-diffusers, and ensuring compliance with
classification societies’ performance criteria.
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Algae Biofuel

Concept: Renewable fuel derived from micro-algae.

Related terms: Second-generation biofuel, Life-cycle assessment (LCA).

Explanation: Algae can produce high-density lipid oils suitable for marine diesel blends, offering a lower
carbon footprint compared with fossil fuels when cultivated sustainably.

Example: A pilot program in Singapore tested a 10 % algae-based fuel blend on a coastal tanker, achieving a
7% reduction in CO, per nautical mile.

Practical application: Ship operators evaluate algae biofuel availability, storage compatibility, and
certification under the International Maritime Organization (IMO) fuel standards before adoption.
Challenges: Scaling production, securing consistent feedstock supply, and addressing potential impacts on
marine ecosystems from large-scale algae farms.

Alternative Fuels

Concept: Non-fossil energy sources for propulsion.

Related terms: LNG, Hydrogen, Methanol, Ammonia.

Explanation: Alternative fuels such as liquefied natural gas (LNG), hydrogen, methanol, and ammonia aim to
reduce greenhouse-gas emissions, with each offering distinct advantages and infrastructure requirements.
Example: The first ammonia-powered container ship entered service on a Europe-Asia route, targeting a
90 % reduction in CO, emissions relative to heavy fuel oil.

Practical application: Companies conduct fuel-availability mapping, retrofit feasibility studies, and crew
training programs to transition to alternative fuels.

Challenges: Limited bunkering infrastructure, fuel safety considerations, and the need for standardized
emission measurement protocols.

Ballast Water Management

Concept: Treatment of ballast water to prevent invasive species.

Related terms: Ballast Water Treatment System (BWTS), Environmental compliance.

Explanation: Modern BWTS use filtration, UV radiation, or chemical disinfection to meet the IMO Ballast
Water Management Convention, reducing ecological risk while supporting decarbonisation by avoiding
unnecessary ballast trips.

Example: A bulk carrier installed a UV-based BWTS, achieving compliance and decreasing
ballast-water-related fuel consumption by 3% due to optimized ballast usage.

Practical application: Operators integrate BWTS performance data into voyage planning software to
schedule treatment cycles efficiently.

Challenges: High capital cost, space constraints on existing vessels, and ensuring consistent performance
across diverse water qualities.

Carbon Accounting

Concept: Quantifying GHG emissions across the ship’s lifecycle.

Related terms: Scope 1,2, 3 emissions, Carbon intensity.

Explanation: Carbon accounting involves measuring direct emissions from fuel combustion (Scope 1),
indirect emissions from purchased electricity (Scope 2), and upstream/downstream emissions (Scope 3),
supporting reporting to regulators and investors.
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Example: A shipping line used the IMO’s Data Collection System (DCS) to calculate its fleet's average carbon
intensity, informing its target to achieve a 40 % reduction by 2030.

Practical application: Integrated software platforms aggregate fuel usage, voyage data, and cargo
information to produce automated carbon reports.

Challenges: Data quality from disparate sources, aligning methodologies across jurisdictions, and
integrating carbon pricing mechanisms.

Carbon Capture and Storage (CCS)

Concept: Capturing CO, from ship exhaust and storing it offshore.

Related terms: Carbon capture technology, Marine sequestration.

Explanation: CCS technologies on vessels aim to extract CO, from flue gases and compress it for transport
to deep-sea storage sites, potentially offsetting emissions from ships lacking zero-carbon fuel options.
Example: A research vessel trialed a pilot CCS unit, capturing 0.5 % of its exhaust CO, for on-board storage,
demonstrating feasibility for future retrofits.

Practical application: Feasibility studies assess the weight, space, and energy penalties of CCS units, while
regulatory frameworks define permissible storage depths and monitoring requirements.

Challenges: High capital and operational costs, limited storage site availability, and the need for
international agreements on marine CO, disposal.

Carbon Intensity Indicator (Cll)

Concept: Metric measuring CO, emissions per transport work unit.

Related terms: IMO MARPOL Annex VI, Energy Efficiency Existing Ship Index (EEXI).

Explanation: The CllI calculates grams of CO, emitted per cargo-ton-kilometre, allowing vessels to be rated
(A-E) and compared against industry benchmarks, driving continuous improvement.

Example: A tanker achieving a Cll rating of “B” must implement operational measures such as speed
optimisation to avoid rating downgrade.

Practical application: Ship operators monitor Cll through real-time emissions monitoring systems, adjusting
voyage plans to maintain favourable ratings.

Challenges: Data collection accuracy, balancing speed-related cost savings with emission targets, and
dealing with rating penalties in charter contracts.

Coastal Shipping Decarbonisation

Concept: Reducing emissions in short-haul, regional routes.

Related terms: Short-sea shipping, Zero-emission ports.

Explanation: Coastal vessels often operate on tighter schedules and in congested waters, prompting the
adoption of electric propulsion, hybrid systems, and shore-side electricity to achieve near-zero emissions.
Example: The Dutch “Zero-Emission Corridor” integrates electric ferries with renewable-powered shore
charging stations, cutting CO, emissions by 95 % on selected routes.

Practical application: Operators assess route-specific electrification potential, invest in battery-powered
vessels, and coordinate with port authorities for charging infrastructure.

Challenges: Limited battery energy density for longer routes, high upfront costs, and the need for
standardized charging protocols.
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Compliance Audits

Concept: Systematic reviews of regulatory adherence.

Related terms: Regulatory compliance, Internal controls.

Explanation: Audits verify that ship operators meet IMO, regional, and national environmental mandates,
including emissions reporting, ballast water treatment, and fuel sulphur limits.

Example: A compliance audit uncovered gaps in a fleet's fuel oil sampling procedures, prompting corrective
actions to avoid penalties.

Practical application: Companies schedule annual third-party audits, integrating findings into continuous
improvement plans and risk registers.

Challenges: Maintaining audit frequency across dispersed fleets, ensuring auditor expertise in emerging
green technologies, and managing remediation costs.

Cyber-Physical Resilience

Concept: Protecting integrated ship-to-shore digital systems.

Related terms: Industrial 10T, Maritime cyber risk.

Explanation: As vessels adopt advanced monitoring, navigation, and emissions control systems, they
become vulnerable to cyber-attacks that could disrupt operations or compromise safety.

Example: A ransomware incident on a cruise ship's propulsion control system forced a temporary shutdown,
highlighting the need for robust cyber-security measures.

Practical application: Shipping firms implement layered security architectures, conduct penetration testing,
and train crew on incident response protocols.

Challenges: Balancing connectivity for performance optimisation with isolation to prevent intrusion, and
keeping pace with evolving threat landscapes.

Decarbonisation Roadmap

Concept: Strategic plan outlining emission-reduction milestones.

Related terms: Strategic planning, Emission targets.

Explanation: A roadmap defines short-, medium-, and long-term actions—such as fleet renewal, fuel
transition, and operational optimisation—to align with corporate or regulatory carbon goals.

Example: A shipping line's 2025-2035 roadmap includes a 30 % fleet retrofit to dual-fuel capability and a
target to achieve net-zero emissions by 2050.

Practical application: Stakeholders use the roadmap to allocate capital, set performance indicators, and
communicate progress to investors and regulators.

Challenges: Uncertainty in technology maturation, financing constraints, and aligning stakeholder
expectations across the supply chain.

Digital Twin

Concept: Virtual replica of a vessel for simulation and monitoring.

Related terms: Predictive analytics, Virtual commissioning.

Explanation: Digital twins model ship performance, emissions, and structural health, enabling scenario
testing for fuel-efficiency measures, route optimisation, and resilience under extreme weather.

Example: A container ship operator used a digital twin to simulate the impact of reduced engine load during
a storm, identifying a 2% fuel saving while maintaining safety margins.
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Practical application: Integration with loT sensors provides real-time data feeds, supporting dynamic
adjustments to operational parameters.

Challenges: High data integration complexity, need for accurate model calibration, and cybersecurity
considerations for data exchange.

Dynamic Positioning (DP) Resilience

Concept: Maintaining vessel position using computer-controlled thrusters.

Related terms: DP system reliability, Redundancy.

Explanation: DP systems are critical for offshore operations; resilience involves redundant power sources,
fault-tolerant control algorithms, and robust maintenance regimes to ensure continuous operation under
adverse conditions.

Example: An offshore support vessel experienced a generator failure; its DP system automatically switched
to backup power, maintaining position without incident.

Practical application: Operators conduct DP reliability assessments and schedule regular drills to verify
system response to component loss.

Challenges: Increased energy consumption for redundancy, integration with low-carbon propulsion, and
compliance with DP classification standards.

Energy Efficiency Existing Ship Index (EEXI)

Concept: Baseline metric for ship energy performance.

Related terms: IMO MEPC, Technical efficiency.

Explanation: EEXI calculates a ship's design-based energy efficiency, requiring modifications—such as hull
cleaning, propeller upgrades, or engine tuning—to meet prescribed thresholds before a vessel can operate.
Example: A vessel achieved EEXI compliance by installing a more efficient propeller and applying a
low-friction hull coating.

Practical application: Shipyards provide EEXI compliance packages, and owners track progress through
certification documentation.

Challenges: Balancing retrofit costs against operational savings, and ensuring modifications do not
adversely affect other performance parameters.

Environmental Impact Assessment (EIA)

Concept: Systematic analysis of potential ecological effects.

Related terms: Strategic Environmental Assessment (SEA), Mitigation measures.

Explanation: EIAs evaluate how new shipping routes, port expansions, or vessel technologies may impact
marine habitats, water quality, and biodiversity, informing mitigation strategies.

Example: An EIA for a proposed Arctic shipping lane identified risks to polar bear migration routes, leading
to seasonal routing adjustments.

Practical application: Regulatory agencies require EIAs before approving major maritime projects, and
companies integrate findings into risk registers.

Challenges: Data scarcity in remote regions, long-term monitoring commitments, and reconciling economic
benefits with conservation objectives.

Fuel Sulphur Cap
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Concept: Maximum allowable sulphur content in marine fuels.

Related terms: IMO 2020, Scrubber technology.

Explanation: The IMO imposed a global 0.5% sulphur limit on fuel oil, driving adoption of low-sulphur fuels
or exhaust gas cleaning systems to meet compliance and reduce SO, emissions.

Example: A vessel switched from high-sulphur heavy fuel oil to marine gas oil (MGO) to avoid installing a
scrubber.

Practical application: Operators assess cost-benefit of fuel switching versus scrubber installation,
considering fuel price volatility and regional fuel availability.

Challenges: Supply chain constraints for low-sulphur fuel, storage space for scrubber waste, and regulatory
divergence in emission control areas (ECAs).

Fuel Cell Propulsion

Concept: Generating electricity through electrochemical reactions for ship propulsion.

Related terms: Hydrogen fuel, Zero-emission technology.

Explanation: Fuel cells convert hydrogen or methanol into electricity with water as the only by-product,
offering silent operation and zero CO, emissions when supplied with renewable hydrogen.

Example: A passenger ferry equipped with PEM fuel cells achieved a 30 % reduction in fuel consumption
compared with conventional diesel engines.

Practical application: Vessel designers integrate fuel-cell stacks, hydrogen storage tanks, and power
management systems, while operators develop fueling infrastructure plans.

Challenges: Hydrogen storage safety, limited refueling networks, and high initial capital expenditure.

Geopolitical Risk

Concept: Political factors influencing shipping operations.

Related terms: Sanctions, Trade route volatility.

Explanation: Changes in trade policies, embargoes, or regional conflicts can disrupt fuel supply chains, affect
charter rates, and necessitate route adjustments, impacting decarbonisation strategies.

Example: New sanctions on a major LNG exporter forced a shipping company to source alternative fuel
contracts at higher prices.

Practical application: Risk managers conduct scenario analysis to diversify fuel sourcing and develop
contingency plans for route diversification.

Challenges: Rapid policy shifts, limited transparency in sanction enforcement, and the difficulty of
forecasting long-term geopolitical trends.

Green Ports

Concept: Ports equipped with sustainable infrastructure and services.

Related terms: Shore power, Renewable energy integration.

Explanation: Green ports provide on-shore electricity, LNG bunkering, and waste-handling facilities,
enabling vessels to reduce emissions while docked and support broader maritime decarbonisation goals.
Example: The Port of Rotterdam offers 100 % renewable electricity for berthing ships, eliminating auxiliary
engine use.

Practical application: Shipping lines schedule port calls based on availability of green services, incorporating
emissions savings into voyage calculations.
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Challenges: High capital investment for port upgrades, coordination among multiple stakeholders, and
ensuring consistent service reliability.

Hazard Identification (HAZID)

Concept: Systematic process to uncover potential safety and environmental hazards.

Related terms: Risk register, Pre-project analysis.

Explanation: HAZID workshops bring together multidisciplinary experts to list hazards associated with new
vessel designs, fuel transitions, or operational changes, forming the basis for mitigation planning.
Example: A HAZID session for an ammonia-fuelled bulk carrier highlighted risks of ammonia leakage,
prompting the design of secondary containment systems.

Practical application: Findings are documented in a risk register, with mitigation actions assigned to
responsible parties and tracked through project milestones.

Challenges: Capturing all relevant hazards in complex, emerging technologies, and ensuring stakeholder
engagement across technical and regulatory domains.

Hybrid Propulsion

Concept: Combination of conventional engines with electric drive components.

Related terms: Battery-assisted propulsion, Energy storage.

Explanation: Hybrid systems allow vessels to operate on electric power during low-speed maneuvers or in
emission-controlled areas, reducing fuel consumption and emissions while retaining diesel reliability for
high-speed cruising.

Example: A Ro-Ro ferry using a diesel-electric hybrid system achieved a 12 % reduction in CO, emissions on
short port transits.

Practical application: Operators develop operational profiles that maximise electric mode usage, and
schedule battery charging during shore power periods.

Challenges: Battery weight and volume constraints, lifecycle management of battery packs, and integration
with existing engine control systems.

Hull Performance Monitoring

Concept: Continuous assessment of hull condition and hydrodynamic efficiency.

Related terms: Hull fouling, Drag reduction.

Explanation: Sensors and data analytics track parameters such as hull roughness, vibration, and fuel flow to
detect performance degradation, enabling timely maintenance like hull cleaning or coating renewal.
Example: A vessel’s hull monitoring system flagged increased drag due to bio-fouling, prompting a
scheduled cleaning that restored fuel efficiency.

Practical application: Maintenance teams schedule proactive cleaning based on performance thresholds,
reducing unnecessary dry-dock periods.

Challenges: Sensor durability in harsh marine environments, data interpretation accuracy, and aligning
monitoring insights with maintenance planning cycles.

Insurance Underwriting for Green Shipping
Concept: Evaluation of risk and premium setting for vessels adopting low-carbon technologies.
Related terms: Marine insurance, Risk premium.
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Explanation: Insurers assess the technical maturity, safety records, and regulatory compliance of new fuel
systems (e.g., hydrogen, ammonia) to determine coverage terms, often offering lower premiums for proven
safety measures.

Example: An insurer offered a 5% discount on hull insurance for a ship equipped with a certified ammonia
detection system.

Practical application: Ship owners engage with insurers early in the technology adoption process to
negotiate favourable terms and incorporate risk mitigation measures into underwriting criteria.

Challenges: Limited actuarial data for emerging technologies, potential coverage gaps for novel hazards,
and the need for standardized safety certifications.

Life-Cycle Assessment (LCA)

Concept: Evaluation of environmental impacts from material extraction to end-of-life.

Related terms: Carbon footprint, Environmental sustainability.

Explanation: LCA quantifies GHG emissions, energy use, and resource depletion associated with ship
construction, operation, and disposal, informing decisions on material selection, fuel choice, and retrofitting.
Example: An LCA comparing steel versus aluminum hulls revealed that, despite higher manufacturing
emissions, aluminum'’s lighter weight resulted in lower operational CO, over the vessel’s lifespan.

Practical application: Companies incorporate LCA results into procurement specifications and sustainability
reporting.

Challenges: Data availability for complex supply chains, methodological consistency, and accounting for
future regulatory changes.

Marine Renewable Energy Integration

Concept: Harnessing offshore wind, wave, or tidal power for ship propulsion or port operations.

Related terms: Hybrid power systems, Renewable energy certificates.

Explanation: Vessels may utilise renewable energy generated on-board (e.g., kite sails) or draw power from
renewable-sourced shore grids, reducing reliance on fossil fuels.

Example: A cargo ship equipped with a kite-assisted propulsion system harvested wind energy, achieving a
4% fuel reduction on transatlantic voyages.

Practical application: Operators assess the feasibility of renewable technologies based on route wind
patterns, vessel size, and integration costs.

Challenges: Technological maturity, additional crew training, and regulatory approval for unconventional
propulsion aids.

Maritime Risk Register

Concept: Centralised repository of identified risks and mitigation actions.

Related terms: Risk matrix, Risk treatment plan.

Explanation: The register logs hazards related to safety, environmental compliance, financial exposure, and
operational disruptions, enabling systematic tracking and review.

Example: A risk register entry for “Ammonia leakage” includes mitigation steps such as sensor installation,
crew training, and emergency response protocols.

Practical application: Management reviews the register quarterly, updating risk ratings and allocating
resources for mitigation.
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Challenges: Keeping the register current across multiple vessels and jurisdictions, and ensuring
accountability for mitigation actions.

Maritime Spatial Planning (MSP)

Concept: Organised allocation of marine space for various uses.

Related terms: Blue economy, Marine protected areas.

Explanation: MSP balances shipping lanes, renewable energy zones, fisheries, and conservation areas,
influencing route planning and exposure to environmental risks.

Example: An MSP framework designated a high-traffic shipping corridor away from a newly established
marine protected area, reducing collision risk with protected species.

Practical application: Shipping companies use MSP maps to optimise routes while complying with national
and regional marine spatial policies.

Challenges: Conflicting stakeholder interests, data integration from multiple sources, and dynamic changes
in marine usage patterns.

Marine Weather Routing

Concept: Optimising voyage paths based on forecasted meteorological conditions.

Related terms: Voyage planning, Dynamic routing.

Explanation: Advanced routing software incorporates wind, wave, and current forecasts to select routes that
minimise fuel consumption and exposure to severe weather, enhancing both efficiency and resilience.
Example: A vessel altered its course to avoid a forecasted cyclone, saving 8 % fuel and avoiding potential
damage.

Practical application: Captains input vessel performance curves into routing tools, which generate
fuel-optimal waypoints that can be updated in real time.

Challenges: Forecast accuracy limitations, regulatory constraints on route deviation, and integration with
existing navigation systems.

Marine Renewable Fuel Certification

Concept: Verification that bio-fuels meet sustainability criteria.

Related terms: Renewable Energy Certificates (RECs), ILSI.

Explanation: Certification schemes assess feedstock sourcing, land-use change, and lifecycle emissions to
ensure that renewable marine fuels deliver genuine carbon reductions.

Example: A tanker operator purchased certified second-generation bio-diesel, enabling compliance with
corporate carbon-neutral targets.

Practical application: Operators track certified fuel volumes in their carbon accounting systems and report
to stakeholders.

Challenges: Limited number of accredited certification bodies, potential for double-counting, and higher
costs for certified fuels.

Marine Traffic Congestion Management

Concept: Strategies to reduce vessel queuing and associated emissions in busy waterways.

Related terms: Port call optimisation, Just-in-time arrival.

Explanation: By coordinating arrival times, using traffic separation schemes, and implementing dynamic
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berth allocation, ships can minimise idle time and fuel burn.

Example: The congested Strait of Malacca adopted a vessel traffic service that reduced average anchorage
time by 30%, cutting CO, emissions.

Practical application: Shipping lines integrate port congestion data into their scheduling software to adjust
speeds and arrival windows.

Challenges: Data sharing among multiple stakeholders, real-time communication reliability, and regulatory
approval for speed adjustments.

Material Fatigue Monitoring

Concept: Tracking the degradation of structural components over time.

Related terms: Non-destructive testing (NDT), Structural health monitoring.

Explanation: Sensors detect stress cycles, corrosion rates, and crack propagation, allowing predictive
maintenance that prevents catastrophic failure and maintains vessel integrity under climate-induced load
variations.

Example: A sensor array on a bulk carrier's hull identified early signs of fatigue due to increased wave
loading, prompting targeted reinforcement before the next dry-dock.

Practical application: Maintenance planners schedule inspections based on accumulated fatigue data rather
than fixed intervals, extending component life.

Challenges: Sensor durability, data interpretation complexities, and integration with existing maintenance
management systems.

Marine Emissions Monitoring System (MEMS)

Concept: On-board technology for real-time measurement of exhaust gases.

Related terms: Continuous emissions monitoring (CEM), Data collection system (DCS).

Explanation: MEMS devices capture CO,, NO,, SO,, and particulate matter concentrations, transmitting data
to shore-based platforms for compliance reporting and performance optimisation.

Example: A vessel's MEMS flagged higher than expected NO, emissions, leading to engine tune-up that
restored compliance.

Practical application: Operators use MEMS data to adjust combustion parameters, schedule maintenance,
and generate accurate carbon intensity reports.

Challenges: Calibration accuracy, sensor fouling in marine environments, and ensuring data security during
transmission.

Marine Pollution Insurance

Concept: Coverage for liabilities arising from oil spills or hazardous material releases.

Related terms: Environmental liability, Pollution risk.

Explanation: Policies compensate for cleanup costs, third-party damages, and regulatory fines, incentivising
owners to adopt robust prevention measures and emergency response plans.

Example: After a minor fuel leak, a ship’s pollution insurance covered the cost of containment and shoreline
remediation.

Practical application: Companies conduct risk assessments to determine appropriate coverage limits and
implement mitigation measures to reduce premium costs.

Challenges: Rising insurance premiums for high-risk vessels, difficulty in quantifying potential environmental
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damage, and evolving regulatory expectations.

Marine Renewable Fuel Blend Optimization

Concept: Determining the optimal mix of renewable and fossil fuels for emissions reduction and
performance.

Related terms: Fuel compatibility, Engine performance.

Explanation: Blending bio-diesel with conventional marine diesel can achieve emission cuts while
maintaining engine reliability, requiring careful analysis of fuel properties such as viscosity and cetane
number.

Example: A study found that a 20 % bio-diesel blend provided a 12 % reduction in CO, without affecting
engine wear rates.

Practical application: Fuel suppliers provide blend specifications, and ship engineers adjust fuel handling
procedures accordingly.

Challenges: Variability in bio-fuel quality, storage stability issues, and ensuring compliance with fuel
standards across jurisdictions.

Marine Renewable Energy Certificates (MRECs)

Concept: Tradable instruments representing the generation of renewable energy used by ships.

Related terms: Carbon offset, Renewable procurement.

Explanation: MRECs enable ship operators to claim the renewable origin of electricity consumed during
shore-side operations, supporting corporate sustainability goals.

Example: A vessel docked at a port with renewable grid power purchased MRECs to certify its zero-emission
shore power usage.

Practical application: Companies integrate MREC purchases into their environmental reporting frameworks
and track them alongside emissions data.

Challenges: Verification of renewable generation, market liquidity, and preventing double-counting of
certificates.

Maritime Cyber Risk Assessment

Concept: Systematic evaluation of cyber-security vulnerabilities in maritime operations.

Related terms: Threat modelling, Risk mitigation.

Explanation: Assessments identify potential attack vectors on navigation, propulsion, and emissions control
systems, helping organisations prioritise protective measures.

Example: An assessment revealed that unsecured satellite communication links could be exploited to inject
false AIS data, prompting the implementation of encryption protocols.

Practical application: Operators adopt standards such as IEC 62443 to structure cyber-risk assessments and
develop incident response plans.

Challenges: Rapidly evolving threat landscape, limited cyber-security expertise in the maritime sector, and
integration with legacy shipboard systems.

Maritime Energy Management System (MEMS)
Concept: Integrated platform for monitoring and optimising ship energy use.
Related terms: Energy efficiency, Performance monitoring.
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Explanation: MEMS aggregates data from engines, auxiliary generators, HVAC, and cargo handling
equipment to identify inefficiencies and recommend corrective actions.

Example: A MEMS dashboard highlighted excessive auxiliary engine run-time during port stay, leading to a
policy change that increased reliance on shore power.

Practical application: Crew receive training on interpreting MEMS reports and implementing energy-saving
measures.

Challenges: Data integration from heterogeneous equipment, ensuring user adoption, and maintaining
system accuracy over time.

Maritime Fuel Quality Management

Concept: Procedures to ensure fuel meets specifications and performance criteria.

Related terms: Fuel testing, Contamination control.

Explanation: Proper fuel handling, storage, and sampling prevent issues such as engine fouling, emissions
non-compliance, and operational downtime.

Example: Regular fuel oil analysis detected water contamination, prompting tank cleaning before engine
damage occurred.

Practical application: Companies adopt ISO 8217-based fuel quality protocols and maintain records for
regulatory audits.

Challenges: Variability in fuel supply chains, logistic constraints in remote ports, and the need for on-board
testing capabilities.

Maritime Regulatory Compliance Dashboard

Concept: Visual tool summarising adherence to environmental and safety regulations.

Related terms: Key performance indicators (KPIs), Compliance monitoring.

Explanation: Dashboards display real-time status of emissions limits, ballast water treatment, crew
certifications, and other regulatory requirements, supporting proactive management.

Example: A compliance dashboard alerted the crew when the vessel’s Cll rating approached a downgrade
threshold, prompting speed reduction.

Practical application: Management reviews dashboard metrics during weekly operations meetings to ensure
timely corrective actions.

Challenges: Data latency, integration of disparate monitoring systems, and ensuring the dashboard reflects
the latest regulatory updates.

Maritime Sustainability Reporting

Concept: Disclosure of environmental, social, and governance (ESG) performance.

Related terms: GRI standards, Integrated reporting.

Explanation: Shipping companies publish sustainability reports detailing emissions, fuel usage, waste
management, and stakeholder engagement, aligning with investor expectations and regulatory mandates.
Example: A shipping line's 2023 sustainability report highlighted a 15 % reduction in CO, emissions achieved
through fleet optimisation and fuel switching.

Practical application: Data from carbon accounting, fuel quality management, and compliance dashboards
feed into the reporting process.

Challenges: Data consistency across subsidiaries, meeting diverse reporting standards, and ensuring
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transparency without compromising commercial confidentiality.

Maritime Weather Forecast Integration

Concept: Incorporating meteorological data into voyage planning tools.

Related terms: Numerical Weather Prediction (NWP), Route optimisation.

Explanation: Accurate weather forecasts enable ships to avoid adverse conditions, reduce fuel consumption,
and improve safety, especially for vessels operating in polar or high-latitudes.

Example: Integration of a high-resolution NWP model allowed a vessel to bypass a developing low-pressure
system, saving fuel and avoiding delays.

Practical application: Captains receive updated weather overlays on electronic chart display systems (ECDIS)
and adjust speed or course accordingly.

Challenges: Forecast model resolution limits, communication bandwidth for data updates, and the need for
crew expertise in interpreting complex weather information.

Marine Fuel Sulphur Oxide (SO,) Reduction Technologies

Concept: Methods to lower SO, emissions from ship exhaust.

Related terms: Scrubbers, Low-sulphur fuel.

Explanation: Technologies include open-loop, closed-loop, and hybrid scrubbers that remove sulphur
compounds from exhaust gases, enabling compliance with IMO sulphur caps while using higher-sulphur
fuels.

Example: An open-loop scrubber on a container ship allowed continued use of 3.5% sulphur fuel oil in
non-ECA waters, reducing fuel costs.

Practical application: Operators evaluate scrubber types based on operating regions, disposal regulations
for waste water, and capital costs.

Challenges: Environmental concerns over discharge of wash-water, regulatory scrutiny in certain
jurisdictions, and maintenance of scrubber performance.

Marine Vessel Energy Storage Systems

Concept: Batteries or other technologies for storing electrical energy on board.

Related terms: Lithium-ion batteries, Supercapacitors.

Explanation: Energy storage enables hybrid propulsion, peak shaving during high-load periods, and support
for renewable energy integration, contributing to lower emissions.

Example: A vessel equipped with a 10 MWh lithium-ion battery operated in electric mode for 30 % of its
voyage, achieving notable fuel savings.

Practical application: Energy management algorithms control charge/discharge cycles to maximise efficiency
and extend battery life.

Challenges: Battery safety in marine environments, weight and space trade-offs, and end-of-life recycling
considerations.

Marine Vessel Performance Benchmarking

Concept: Comparing a ship’s operational metrics against industry standards.

Related terms: Key performance indicators (KPIs), Efficiency ratios.

Explanation: Benchmarking assesses fuel consumption per cargo-ton-kilometre, emissions intensity, and
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speed profiles, identifying opportunities for improvement.

Example: A bulk carrier's fuel consumption was 10 % higher than the industry average, prompting a review
of hull cleaning and engine tuning practices.

Practical application: Operators use benchmarking data to set performance targets and track progress over
time.

Challenges: Access to comparable data across competitors, accounting for differing operational contexts,
and ensuring data quality.

Marine Vessel Structural Resilience

Concept: Ability of a ship’s hull and framework to withstand extreme loads.

Related terms: Load case analysis, Fatigue life.

Explanation: Design considerations such as reinforced framing, impact-absorbing materials, and redundancy
in critical systems enhance resilience against collisions, grounding, and severe weather.

Example: A vessel operating in the Arctic incorporated an ice-strengthened bow, allowing safe navigation
through first-year ice.

Practical application: Naval architects perform finite-element analyses to verify structural integrity under
projected extreme conditions.

Challenges: Balancing added weight against fuel efficiency, meeting classification society requirements, and
anticipating future climate-induced stressors.

Marine Vessel Speed Optimisation (Slow-Steaming)

Concept: Operating at reduced speeds to lower fuel consumption and emissions.

Related terms: Voyage planning, Fuel efficiency.

Explanation: Slow-steaming reduces engine load, improves propeller efficiency, and decreases CO, per
tonne-kilometre, though it may affect delivery schedules.

Example: A liner service implemented a 0.8 knots reduction in cruising speed, achieving a 7% fuel savings
across the fleet.

Practical application: Operators integrate speed optimisation into charter contracts and employ dynamic
scheduling to maintain service reliability.

Challenges: Market pressure for faster transit times, potential revenue impacts, and the need for accurate
demand forecasting.

Marine Vessel Weather-Resistant Coatings

Concept: Protective paint systems designed to endure harsh marine environments.
Related terms: Anti-fouling, Corrosion protection.

Explanation
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