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Certificate in Vessel Performance Management (India)

Fuel Consumption and Emissions Management

Aft Thruster — a propulsion device mounted near the stern to assist in lateral manoeuvring, especially during
docking or low-speed operations. Related terms: bow thruster, maneuvering thrust, dynamic positioning. By
generating side thrust, the aft thruster reduces reliance on main engine thrust changes, thereby lowering
fuel consumption during precise positioning. Practical application includes using the thruster in conjunction
with a vessel’s DP system to maintain station-keeping while loading cargo. Challenges involve optimizing
thruster usage to avoid excessive electrical power draw, which can offset fuel savings, and maintaining
thruster blades to prevent cavitation that reduces efficiency.

Alkyl Nitrates — organic compounds used as diesel fuel additives to improve combustion stability and
reduce particulate emissions. Related terms: cetane improver, fuel additive, emission control. When blended
at appropriate concentrations, alkyl nitrates raise the cetane number, leading to smoother ignition and
lower unburned hydrocarbon release. Ship operators may employ these additives during voyages in
low-sulphur fuel zones to meet stricter emission standards. The main challenge is ensuring compatibility
with existing fuel systems; excessive use can cause fuel filter blockage and increase maintenance costs.

Auxiliary Engine — a secondary engine that provides electrical power for onboard systems, including
navigation, cargo handling, and hotel services. Related terms: generator set, main engine, power
management. Efficient auxiliary engine operation is crucial for overall fuel consumption, as idling or running
at low loads can waste fuel. Modern vessels often use variable speed drives and load-sensing control to
match power output with demand, reducing unnecessary fuel burn. Practical application includes
scheduling auxiliary engine shutdowns during periods of low electrical demand. Challenges consist of
balancing power reliability with fuel efficiency, especially in vessels with high hotel loads.

Ballast Water Management — the process of treating and handling seawater taken on board to maintain
stability, which also impacts fuel consumption through added weight. Related terms: ballast water treatment
system, draft, stability. Efficient ballast operations can minimize excess weight, thereby reducing hull
resistance and fuel use. For example, using real-time draft monitoring allows crews to discharge
unnecessary ballast before sailing. The principal challenge is complying with the International Maritime
Organization’s Ballast Water Management Convention while maintaining operational safety and avoiding
delays at ports.

Barrel (bbl) — a unit of volume equal to 42 US gallons, commonly used to measure fuel oil quantities.
Related terms: metric tonne, fuel oil, consumption rate. Understanding the conversion between barrels and
tonnes is essential for accurate fuel accounting and emissions reporting. For instance, a vessel burning 5,000
bbl per day must track the corresponding mass to calculate CO, emissions per tonne of cargo. Challenges
arise from variations in fuel density, requiring temperature-corrected measurements to avoid errors in fuel
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management.

Berth Planning — the strategic scheduling of vessel arrival and departure times at a port to minimize waiting
and idle time. Related terms: port call optimization, turnaround time, queuing theory. Effective berth
planning reduces engine run-time at low speeds, thereby cutting fuel consumption and associated
emissions. Practical tools include port community systems that share real-time data on berth availability.
The main difficulty lies in coordinating multiple stakeholders and handling unexpected disruptions such as
weather or labor strikes, which can force vessels to operate at inefficient speeds while awaiting a berth.

Carbon Intensity Indicator (Cll) — a metric introduced by the IMO to assess a ship's CO, emissions per
transport work unit (grams CO, per tonne-nautical mile). Related terms: Energy Efficiency Existing Ship Index
(EEXI), IMO 2023, rating scale. The Cll is calculated using fuel consumption data, cargo carried, and distance
sailed, and it determines a vessel's compliance rating (A to E). Operators can improve their Cll by optimizing
speed, hull cleaning, and using low-carbon fuels. A practical example is recalculating voyage plans to
operate at a “slow steaming” speed that meets the target rating. Challenges include accurate data
collection, especially for multi-fuel vessels, and balancing commercial schedules with emission targets.

Carbon Offset — a credit purchased to compensate for CO, emissions by supporting projects that reduce or
sequester an equivalent amount of greenhouse gases. Related terms: emissions trading, voluntary market,
climate neutrality. Shipping companies may buy offsets to achieve net-zero goals when technical reductions
are insufficient. For example, a vessel emitting 10,000 tonnes of CO, on a voyage could purchase an
equivalent number of offset credits from a renewable energy project. The challenge is ensuring the
credibility of offset projects, avoiding double counting, and managing the additional cost within freight
rates.

Cold Flow Properties — characteristics of fuel oil that describe its behavior at low temperatures, including
pour point and wax appearance temperature. Related terms: fuel viscosity, heating system, low-temperature
flow. Poor cold flow can cause fuel to solidify in pipelines, leading to engine start-up problems and
increased fuel consumption due to additional heating. Operators mitigate this by using fuel additives or
pre-heating systems. A practical scenario is a vessel operating in Arctic waters, where monitoring fuel
temperature is critical. Challenges involve selecting additives compatible with engine specifications and
managing the extra energy required for heating.

Coating (Hull) — a protective layer applied to the ship’s hull to reduce biofouling and hydrodynamic drag.
Related terms: antifouling paint, drag reduction, surface roughness. A smoother hull surface decreases
resistance, leading to lower fuel consumption and emissions. Modern coatings may incorporate biocidal
compounds or silicone-based technologies. For example, a vessel that repaints its hull every three years can
achieve up to a 5% fuel saving. The main challenges are the environmental regulations governing biocides,
the cost of periodic recoating, and ensuring adhesion in harsh marine environments.

Combustion Efficiency — the ratio of the heat released by fuel combustion that is actually utilized for
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propulsion versus that lost as unburned fuel or exhaust heat. Related terms: thermal efficiency, specific fuel
consumption, exhaust gas temperature. Higher combustion efficiency means less fuel is required for the
same power output, directly reducing emissions. Operators monitor parameters such as oxygen content in
exhaust gases to adjust air-fuel ratios. A practical application is the use of automatic combustion control
systems that fine-tune fuel injection. Challenges include dealing with fuel quality variations and maintaining
optimal combustion under different load conditions.

Compliance Audit — a systematic review of a vessel's operational and documentation practices to verify
adherence to regulatory requirements on fuel consumption and emissions. Related terms: IMO regulations,
flag state inspection, certification. Audits typically examine fuel records, engine performance logs, and
emission monitoring equipment. For instance, a quarterly compliance audit can reveal discrepancies in fuel
invoicing that affect CO, reporting. The primary challenge is ensuring data integrity across multiple
departments and platforms, and addressing findings promptly to avoid penalties.

Condensate Recovery — the process of capturing water vapor and other condensates from exhaust gases to
prevent corrosion and improve engine performance. Related terms: exhaust gas cleaning, water separator,
corrosion control. Recovering condensate reduces the need for fresh water onboard and can slightly
improve fuel efficiency by maintaining optimal exhaust temperatures. Practical implementation involves
installing condensate traps in the exhaust system. Challenges include managing the collected water, which
may contain acidic compounds, and ensuring the recovery system does not impede exhaust flow.

Continuous Emissions Monitoring System (CEMS) — an onboard instrumentation suite that measures
pollutant concentrations (e.g., NO,, SO,, CO,) in real time. Related terms: emission sensors, data logging,
regulatory reporting. CEMS provides accurate data for compliance with IMO Tier lll standards and for
internal performance benchmarking. A typical application is integrating CEMS data with the vessel's
performance management software to generate emission dashboards. The challenges lie in sensor
calibration, maintaining accuracy under harsh marine conditions, and handling large data volumes for
analysis.

Coolant System Efficiency — the effectiveness of the engine cooling loop in maintaining optimal operating
temperatures while minimizing parasitic power draw. Related terms: heat exchanger, pump power, thermal
management. An efficient coolant system reduces the auxiliary power required for circulation, thereby
lowering overall fuel consumption. Operators may implement variable speed pumps that adjust flow based
on engine load. For example, a ship that reduces pump power by 10 % during low-load periods can achieve
measurable fuel savings. The main challenges include preventing fouling in heat exchangers and ensuring
system reliability across temperature extremes.

Deadweight Tonnage (DWT) — the maximum weight a vessel can safely carry, including cargo, fuel,
provisions, and crew. Related terms: gross tonnage, payload, displacement. Optimizing fuel load relative to
DWT influences the vessel's fuel efficiency per tonne of cargo transported. For instance, loading just enough
fuel for a round-trip voyage, rather than a full tank, can improve the cargo-ton-kilometer metric. However,
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insufficient fuel reserves risk operational interruptions. Challenges involve accurate voyage planning,
accounting for weather-induced fuel consumption variations, and complying with stability requirements.

Decarbonisation Roadmap — a strategic plan outlining steps a shipping company will take to reduce carbon
emissions over a defined horizon. Related terms: net-zero target, low-carbon fuel transition, technology
adoption. The roadmap typically includes milestones such as fleet retrofits, adoption of LNG or hydrogen,
and participation in carbon markets. Practical examples include setting a 2030 target to reduce CO; intensity
by 30 % relative to a 2020 baseline. The main challenges are securing financing, navigating regulatory
uncertainty, and managing the technical risk of emerging fuel technologies.

Denitrification — a process used in exhaust gas treatment to convert nitrogen oxides (NO,) into harmless
nitrogen and water, thereby reducing emissions. Related terms: SCR (Selective Catalytic Reduction), NO,
abatement, catalyst. Shipboard denitrification systems often employ urea injection to facilitate the chemical
reaction. A vessel equipped with SCR can achieve up to a 90 % reduction in NO, emissions, helping meet
IMO Tierlll standards. Challenges include the need for urea storage, handling logistics, and maintaining
catalyst performance in the marine environment.

Distillate Fuel — a light fuel oil, such as marine diesel oil (MDO) or marine gas oil (MGO), characterized by
low viscosity and high cetane number. Related terms: heavy fuel oil, fuel grade, bunker fuel. Distillates burn
cleaner than heavy fuel oil, producing lower SO,, NO,, and particulate matter, which translates into reduced
emissions and often lower fuel consumption due to better combustion efficiency. Practical application
includes using distillate fuel in emission control areas (ECAs). The main challenges are the higher cost of
distillates and ensuring compatibility with engines designed for heavy fuel oil.

Drag Reduction Device (DRD) — a hull-mounted appendage, such as a bubble system or fin, designed to
lower hydrodynamic resistance. Related terms: hull form optimization, laminar flow, propulsion efficiency. By
reducing drag, DRDs enable a vessel to maintain speed with less thrust, thereby cutting fuel usage. For
example, a bubble-drag reduction system can lower fuel consumption by 3-5% on long voyages.
Implementation challenges involve system integration with existing hull structures, power requirements for
bubble generation, and maintaining effectiveness across varying sea states.

Dynamic Positioning (DP) — a computer-controlled system that uses thrusters to automatically maintain a
vessel's position and heading without anchoring. Related terms: DP class, thruster allocation, power
management. DP operations typically demand continuous power, increasing fuel consumption. However,
optimizing DP algorithms and using energy-efficient thrusters can mitigate the impact. A practical case is
offshore support vessels that schedule DP usage only when necessary, reducing idle thruster operation.
Challenges include ensuring redundancy for safety, managing the high electrical load, and training crew to
operate DP efficiently.

ECA (Emission Control Area) — designated sea zones where the IMO enforces stricter limits on SO, and NO,
emissions from ships. Related terms: MARPOL Annex VI, low-sulphur fuel, NO, Tierlll. Vessels transiting ECAs
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must use compliant fuel (£0.10% sulphur) or install exhaust gas cleaning systems (scrubbers). For example,
a vessel crossing the North Sea ECA may switch to MGO to avoid scrubber installation costs. The main
challenge is fuel availability and price volatility in ECA regions, as well as ensuring compliance
documentation is accurate.

Engine Load Factor — the ratio of actual engine output to its maximum rated power, expressed as a
percentage. Related terms: specific fuel consumption, operating envelope, load optimization. Operating at
an optimal load factor (often 70-85 %) improves fuel efficiency because engines are most efficient near their
design point. Practical application includes adjusting speed to keep the main engine within this band during
long passages. Challenges arise when external constraints (e.g., arrival windows) force operation at low load,
leading to higher specific fuel consumption.

Energy Efficiency Management Plan (EEMP) — a mandatory document required by IMO for ships to outline
measures for improving energy efficiency throughout the vessel's life. Related terms: SEEMP, carbon
intensity, operational measures. The EEMP includes a baseline fuel consumption profile, identified
improvement actions, and a monitoring schedule. For instance, a ship may plan to implement hull cleaning
and voyage optimization as part of its EEMP. The main challenges are collecting reliable baseline data,
tracking the impact of implemented measures, and updating the plan as technology evolves.

Exhaust Gas Temperature (EGT) — the temperature of gases exiting the engine’s exhaust manifold, an
indicator of combustion quality and engine health. Related terms: fuel injection timing, combustion
efficiency, emission control. Maintaining EGT within manufacturer-specified limits prevents excessive NO,
formation and protects downstream emission treatment equipment. Operators often use EGT trends to
fine-tune fuel injection settings for optimal fuel consumption. The challenge is that variations in fuel quality
or load can cause EGT fluctuations, requiring continuous monitoring and adjustments.

Fuel Consumption Monitoring (FCM) — the systematic measurement and recording of fuel used by a vessel's
propulsion and auxiliary systems. Related terms: flow meters, fuel log, performance analysis. Accurate FCM
enables calculation of specific fuel consumption (SFC) and supports emission reporting. A typical
implementation involves installing calibrated flow meters on fuel lines and integrating data into a digital
performance platform. Practical benefits include identifying abnormal fuel use and optimizing speed
profiles. Challenges include ensuring meter accuracy, dealing with fuel slosh in tanks, and reconciling data
from multiple fuel types.

Fuel Oil Quality Assurance (FOQA) — procedures to verify that bunkered fuel meets required specifications
for density, sulphur content, viscosity, and other parameters. Related terms: bunker survey, fuel analysis,
compliance testing. Proper FOQA prevents engine fouling, reduces unplanned maintenance, and avoids
penalties for non-compliance with emission regulations. For example, conducting a laboratory analysis
before fuel acceptance can detect contaminants that might increase emissions. The main challenges are the
time lag for laboratory results, costs of testing, and managing variations in fuel quality from different
suppliers.
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Fuel Sulphur Content (FSC) — the percentage of sulphur present in marine fuel, directly influencing SO,
emissions. Related terms: low-sulphur fuel, IMO 2020, scrubber. Reducing FSC to <0.50% globally (or
<£0.10% in ECAs) is mandatory under IMO regulations. Operators can achieve compliance by switching to
low-sulphur fuel, installing exhaust gas cleaning systems, or using alternative fuels like LNG. A practical
issue is the need for accurate fuel sampling and analysis at each bunkering event. Challenges include price
differentials, supply chain reliability, and the environmental impact of scrubber discharge residues.

Fuel Taxation — fiscal policies imposed by governments on marine fuels, often based on sulphur content or
carbon intensity. Related terms: carbon tax, fuel duty, green levy. Taxes incentivize the use of cleaner fuels

and can affect voyage economics. For instance, a high carbon tax in a particular jurisdiction may make LNG
or hydrogen more financially attractive despite higher upfront costs. The challenge for ship operators is to
forecast tax regimes across multiple jurisdictions and incorporate them into route planning and budgeting.

Fuel Transfer System — the network of pumps, pipelines, and valves that move fuel from storage tanks to
engine manifolds. Related terms: fuel manifold, pump control, leak detection. Efficient design minimizes
pressure losses and reduces the auxiliary power required for fuel movement, thereby saving fuel. Practical
measures include using variable speed pumps and implementing automated control logic to match engine
demand. Challenges involve preventing fuel contamination, ensuring system integrity under vibration, and
complying with safety regulations for flammable liquids.

Fuel Vapor Recovery — technology that captures volatile organic compounds (VOCs) released during fuel
handling and transfers them back to the fuel system for combustion. Related terms: VOC emissions,
blow-down, environmental compliance. Recovering fuel vapors reduces both emissions and fuel loss,
contributing to lower overall consumption. A typical system includes a closed-loop vent line and a
condensate tank. Challenges include designing a system that can handle varying temperatures and
pressures, and maintaining it to avoid leaks that could pose safety hazards.

Fuel-to-Power Ratio (FPR) — the proportion of a vessel’s total energy demand that is supplied by fuel
combustion versus alternative sources (e.g., batteries, shore power). Related terms: hybrid propulsion,
energy mix, renewable integration. Lowering the FPR improves overall emissions performance. For example,
a ship that uses shore power while at berth reduces its fuel-to-power ratio to near zero for that period. The
main challenges are the availability of shore power infrastructure, the cost of battery systems, and
managing the transition between power sources without impacting operational schedules.

Fouling Management — the set of practices aimed at preventing or removing biological growth on the hull,
propeller, and sea-chest, which increases drag. Related terms: biofouling, hull cleaning, anti-fouling coating.
Regular cleaning and the use of effective antifouling paints can reduce fuel consumption by up to 10% over
a year. Practical approaches include in-water cleaning during port stays and scheduled dry-dock
maintenance. Challenges involve compliance with regulations that restrict certain biocidal coatings, the
environmental impact of cleaning processes, and the cost-benefit analysis of frequent cleaning versus fuel
savings.
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Greenhouse Gas (GHG) Reporting — the systematic collection and submission of data on CO,, CH,, N0, and
fluorinated gases emitted by a vessel. Related terms: carbon accounting, IMO Data Collection System (DCS),
sustainability reporting. Accurate GHG reporting is essential for meeting IMO targets and for participating in
carbon markets. Operators often use onboard data loggers to capture fuel consumption, distance, and
cargo data, which are then converted to CO, equivalents using standard emission factors. A challenge is
ensuring data consistency across multiple voyages and reconciling discrepancies between manual logs and
automated sensors.

Heat Recovery Steam Generator (HRSG) — a system that captures waste heat from exhaust gases to produce
steam for auxiliary power or other processes. Related terms: waste heat recovery, combined heat and power
(CHP), thermodynamic efficiency. By utilizing exhaust heat, HRSGs can reduce fuel consumption for auxiliary
power generation. For example, a vessel equipped with an HRSG may achieve a 2-3 % overall fuel saving on
long voyages. Implementation challenges include space constraints, integration with existing engine
exhaust layouts, and maintaining steam quality under variable load conditions.

Idle Reduction — strategies to minimize the time a vessel’'s engines run at low load or idle, which is
fuel-inefficient and produces unnecessary emissions. Related terms: zero-speed operation, shore power,
automated shutdown. Practical measures include scheduling maintenance during port stays, using shore
power where available, and employing automated engine start-stop systems. A vessel that reduces idle
hours by 30 % can lower its annual fuel consumption by several thousand tonnes. The challenge lies in
coordinating operational requirements with technical capabilities, particularly for vessels that need
continuous power for cargo monitoring or refrigeration.

IMO 2020 Sulphur Regulation — the global mandate that limits marine fuel sulphur content to 0.50 % from 1
January 2020, aiming to cut SO, emissions. Related terms: low-sulphur fuel, scrubber, compliance strategy.
Vessels must either use compliant fuel, install exhaust gas cleaning systems, or switch to alternative fuels. A
practical compliance approach is to bunker low-sulphur fuel for voyages that cross ECA boundaries while
using scrubbers for other legs. Challenges include managing fuel inventory to avoid cross-contamination,
dealing with higher fuel costs, and ensuring scrubber discharge meets environmental standards.

Incineration (Shipboard) — the controlled burning of waste onboard to reduce volume, which can affect fuel
consumption if waste heat is recovered. Related terms: waste management, heat recovery, emissions
control. Modern incinerators can capture heat for use in water heating or even auxiliary power generation,
thereby offsetting some fuel use. For instance, a vessel that recovers 10 % of incineration heat may reduce
its auxiliary fuel consumption accordingly. Challenges involve compliance with MARPOL AnnexV, handling
hazardous waste, and ensuring the incineration system does not add excessive parasitic load.

Inertial Navigation System (INS) — a navigation aid that provides precise vessel positioning without reliance
on external signals, useful for DP and fuel-optimal routing. Related terms: GPS, dead-reckoning, route
planning. Accurate positioning enables tighter adherence to optimized speed profiles, reducing unnecessary
fuel burn caused by course deviations. A practical example is using INS data to validate voyage plans
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generated by route optimization software. The main challenge is integrating INS data with existing bridge
systems and ensuring redundancy with satellite navigation for safety.

Integrated Propulsion System (IPS) — a design that combines the main engine, gearbox, and propeller into a
unified, often electric, arrangement to maximize efficiency. Related terms: diesel-electric, hybrid propulsion,
power management. IPS allows for flexible operation modes, such as running the engine at its most efficient
load while varying propeller pitch electronically. Practical benefits include improved fuel consumption
during variable speed operations and the ability to incorporate renewable energy sources. Challenges
include higher upfront capital costs, complex control algorithms, and the need for crew training on system
management.

Lagoon (Bunker) Storage — the temporary storage of fuel oil in a ship’s bunker tanks before consumption,
where temperature and mixing affect fuel quality. Related terms: tank heating, fuel stratification, inventory
management. Proper management of lagoon storage reduces fuel segregation and improves combustion
efficiency. For example, using circulation pumps to homogenize fuel temperature can prevent cold pockets
that cause engine strain. Challenges include managing boil-off gases, ensuring tank cleanliness, and
complying with safety regulations for fuel handling.

Load Line — a marking on a vessel's hull indicating the maximum permissible draft, directly influencing cargo
capacity and fuel load. Related terms: Plimsoll mark, freeboard, stability. Operating close to the load line
maximizes cargo transport efficiency but may increase hull resistance, affecting fuel consumption. Practical
planning involves balancing cargo weight, fuel reserves, and weather forecasts to stay within safe draft
limits while minimizing excess fuel weight. The challenge is dynamic adjustment during voyages as fuel is
consumed and ballast is altered, requiring continuous monitoring.

Low-Carbon Fuel — any marine fuel that emits less CO, per unit of energy compared to conventional heavy
fuel oil, such as LNG, methanol, ammonia, or biofuels. Related terms: carbon intensity, alternative fuels, fuel
transition. Adoption of low-carbon fuels can significantly reduce a vessel's carbon footprint and help meet
IMO decarbonisation targets. For example, switching from HFO to LNG can cut CO, emissions by roughly
20% on a per-tonne basis. Challenges include fuel availability, infrastructure for bunkering, engine
compatibility, and higher fuel costs.

Marine Fuel Taxation (MFT) — fiscal measures imposed by coastal states on fuels used within their
jurisdiction, often linked to environmental objectives. Related terms: carbon levy, sulphur duty, compliance
cost. MFT can influence routing decisions, as vessels may choose longer routes to avoid high-tax zones,
potentially increasing overall fuel consumption. Practical management involves incorporating tax scenarios
into voyage optimization software. The main challenge is the variability of tax regimes worldwide and the
need for up-to-date information to avoid penalties.

Maritime Emission Trading Scheme (ETS) — a market-based mechanism where emission allowances are
allocated to ships, allowing them to trade surplus or purchase additional permits. Related terms:
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cap-and-trade, carbon market, compliance. Participation enables vessels to offset emissions when technical
reductions are insufficient, potentially lowering overall compliance costs. For instance, a ship that reduces its
emissions below its allocated allowance can sell the excess credits. Challenges include establishing a
transparent registry, preventing double counting, and aligning the scheme with international regulations.

Mass Flow Meter — an instrument that measures the mass of fuel passing through a pipe per unit time,
essential for accurate fuel consumption recording. Related terms: volumetric flow meter, calibration, fuel
monitoring. Mass flow meters account for fuel density variations, providing more reliable data than
volumetric meters. Practical use involves integrating the meter with the vessel's performance monitoring
system to generate real-time fuel consumption reports. Challenges include ensuring meter accuracy in the
presence of fuel sloshing, maintaining calibration, and handling multi-grade fuel streams.

Maximum Allowable Draft (MAD) — the deepest draft a vessel may have while still complying with port or
canal depth restrictions. Related terms: draft limitation, canal transit, ballast management. Operating at or
near MAD can maximize cargo load, but the additional displacement may increase fuel consumption due to
higher resistance. Practical strategies include adjusting ballast and fuel load before entering shallow waters
to stay within limits while minimizing excess weight. Challenges involve precise draft calculations,
accounting for tidal variations, and ensuring stability throughout the voyage.

Mean Effective Pressure (MEP) — an average pressure that, if applied uniformly to the piston during the
power stroke, would produce the measured engine output. Related terms: brake specific fuel consumption,
engine performance, load factor. Higher MEP generally indicates more efficient combustion, but excessive
MEP can cause engine wear. Monitoring MEP helps operators fine-tune fuel injection timing and air-fuel
ratios to achieve optimal fuel consumption. A practical example is using MEP trends to detect fouling in fuel
injectors. The challenge is correlating MEP variations with real-time operating conditions across different
fuel grades.

Minimum Energy Consumption (MEC) — the lowest possible fuel usage for a given voyage, derived from
optimal speed, trim, and route planning. Related terms: energy efficiency, voyage optimization, fuel savings.
Calculating MEC involves using performance curves, weather forecasts, and cargo characteristics to
determine the most economical operating point. Practical application includes setting a target fuel
consumption for a voyage and adjusting speed or trim to meet it. Challenges consist of balancing
commercial deadlines with fuel efficiency goals and handling unpredictable factors such as currents or sea
state.

Modular Power System — a flexible arrangement of multiple smaller generators or engines that can be
activated or deactivated based on demand, improving overall fuel efficiency. Related terms: genset
clustering, load sharing, hybrid architecture. By running only the required number of modules at optimal
load, the system avoids the inefficiencies associated with a single large engine operating at low load. A
practical scenario is a container ship that uses two 5 MW generators instead of one 10 MW unit during
low-power periods, achieving fuel savings. The main challenges are the complexity of control systems, space
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constraints, and ensuring seamless power quality during module transitions.

Monitoring, Reporting, and Verification (MRV) — a regulatory framework requiring ships to monitor fuel
consumption, report data to authorities, and undergo external verification. Related terms: EU MRV, data
integrity, compliance audit. The MRV process enhances transparency and drives industry-wide
improvements in fuel efficiency. Practical steps include installing calibrated flow meters, maintaining a
digital fuel log, and submitting quarterly reports. Challenges involve data collection consistency across
voyages, dealing with multi-fuel operations, and ensuring third-party verifiers have access to accurate
records.

Multi-Fuel Engine — an engine capable of operating on different fuel types, such as heavy fuel oil, marine
diesel oil, and LNG, providing flexibility in fuel selection. Related terms: fuel switching, dual-fuel technology,
combustion adaptation. The ability to switch fuels enables operators to take advantage of price differentials
and meet regional emission standards without installing additional equipment. For example, a vessel may
run on HFO in open seas and switch to LNG when entering an ECA. Challenges include maintaining optimal
combustion parameters for each fuel, managing fuel storage compatibility, and ensuring certification for
each fuel mode.

Navigation Optimisation Software — computer tools that calculate the most fuel-efficient route based on
weather, currents, and traffic, often integrating emissions data. Related terms: route planning, weather
routing, carbon calculator. By selecting routes that avoid adverse winds or strong currents, ships can reduce
engine load and fuel consumption. Practical use involves feeding the software with real-time AIS data and
adjusting the vessel's speed accordingly. Challenges include the reliability of weather forecasts, the need for
crew acceptance of slower routes, and potential conflicts with charterer schedules.

No-Load Fuel Consumption — the amount of fuel burned by an engine when it is running but not delivering
power, typically observed during idle periods. Related terms: standby fuel, auxiliary power, parasitic load.
Minimizing no-load consumption is crucial for reducing unnecessary emissions. Strategies include shutting
down non-essential equipment, using shore power, or employing automatic start-stop systems. For
instance, a vessel that reduces idle time by 2 hours per day can save several tonnes of fuel annually. The
challenge lies in ensuring that critical systems remain operational and that shutdown procedures do not
compromise safety.

NO, Emission Control Strategies — a set of technical and operational measures aimed at reducing nitrogen
oxide emissions from marine engines. Related terms: SCR, EGR, low-NO, burners. Technologies such as
Selective Catalytic Reduction (SCR) inject urea to convert NO, into nitrogen and water, achieving up to 90 %
reduction. Operational tactics include adjusting engine load to operate in low-NO, regimes. A practical
example is scheduling voyages to avoid peak NO, restriction periods in ECAs. Challenges involve the cost of
installing SCR systems, the need for urea storage, and maintaining catalyst performance in the marine
environment.
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Noise and Vibration Management — practices aimed at reducing acoustic emissions from engines and
propellers, which indirectly affect fuel efficiency by allowing smoother operation. Related terms: cavitation,
propeller blade design, vibration isolation. Excessive vibration can cause mechanical losses and increase fuel
consumption. Practical measures include propeller polishing, using flexible couplings, and conducting
regular vibration analysis. Challenges include the trade-off between noise reduction and propeller
performance, and the need for specialized monitoring equipment.

On-board Energy Management System (OEMS) — an integrated platform that monitors and optimizes the
vessel's energy flows, including fuel, electricity, and waste heat. Related terms: real-time monitoring,
demand-side management, performance analytics. OEMS provides dashboards that highlight inefficiencies,
suggest corrective actions, and track fuel savings. For example, the system may recommend reducing
auxiliary engine load during periods of low demand, achieving measurable fuel reductions. Challenges
include integrating data from heterogeneous sensors, ensuring cybersecurity, and training crew to interpret
and act on the system’'s recommendations.

Optimised Trim — the longitudinal balance of a vessel that minimizes resistance and improves propulsive
efficiency. Related terms: fore-aft trim, hull form, resistance curve. Proper trim reduces wave making and can
lower fuel consumption by up to 5% on long voyages. Practical implementation involves using
trim-optimization software that calculates the ideal ballast distribution and fuel loading plan. The challenge
is that trim changes during a voyage due to fuel consumption, requiring dynamic adjustments and crew
awareness.

Operational Speed (Eco-Speed) — the vessel speed that yields the lowest fuel consumption per cargo unit,
considering hull resistance, weather, and schedule constraints. Related terms: slow steaming, speed-fuel
curve, voyage planning. Determining eco-speed involves analyzing the ship’s specific fuel consumption
curve and aligning it with commercial delivery windows. A practical example is reducing speed from 22 kn to
18kn to achieve a 15 % fuel saving, while still meeting contractual arrival dates. Challenges include
negotiating speed reductions with charterers, handling penalties for delayed cargo, and adapting to variable
ocean conditions.

Oxidation Catalyst — a component in exhaust treatment systems that promotes the oxidation of CO and
unburned hydrocarbons into CO, and water, reducing harmful emissions. Related terms: after-treatment,
emission reduction, catalyst lifespan. When combined with SCR, the oxidation catalyst can improve NO,
reduction efficiency. Practical use includes installing the catalyst downstream of the engine exhaust for both
diesel and dual-fuel engines. The main challenges are catalyst poisoning from sulfur compounds,
maintaining catalyst temperature in cold climates, and periodic replacement costs.

Parasitic Load — the power consumed by auxiliary equipment that does not contribute directly to
propulsion, such as pumps, ventilation, and lighting. Related terms: auxiliary power, energy efficiency, load
shedding. Reducing parasitic load lowers overall fuel consumption. Strategies include using energy-efficient
lighting (LEDs), variable speed drives for pumps, and consolidating equipment. For instance, an auxiliary
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system audit may identify a 10 % reduction potential in total ship power demand. Challenges arise from
ensuring that critical systems retain sufficient power for safety and operational integrity.

Port Reception Facilities (PRF) — infrastructure at ports for receiving ship-generated waste, including oily
residues and sludge, which impacts fuel management and emissions. Related terms: waste disposal,
environmental compliance, sludge handling. Effective use of PRFs allows vessels to off-load waste instead of
storing it, freeing up bunker space for cleaner fuels. Practical application includes coordinating with port
authorities to schedule waste off-loading during port stays. Challenges include limited PRF availability in
some regions, additional port fees, and ensuring that waste handling complies with MARPOL regulations.

Power Take-Off (PTO) — a mechanical connection that transfers engine power to auxiliary equipment such as
winches, pumps, or compressors. Related terms: shaft coupling, mechanical drive, energy distribution. Using
PTOs can be more efficient than running separate auxiliary generators, especially when the main engine is
already operating at an optimal load. For example, a cargo-handling winch driven via PTO may reduce
auxiliary fuel consumption. Challenges include designing PTOs that can handle variable loads without
causing mechanical stress and integrating control systems for safe operation.

Propeller Pitch Control — the adjustment of blade angle to optimize thrust and efficiency across different
operating conditions. Related terms: variable pitch propeller, thrust optimization, cavitation control. By
varying pitch, a vessel can maintain high efficiency at both low and high speeds, reducing fuel consumption.
Practical systems use hydraulic or electric actuators controlled by engine load sensors. A typical benefit is a
3
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