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Postgraduate Certificate in Cruise Ship Environmental Systems

Air Quality and Emission Control

Acid Deposition (Acid Rain) — Related terms: pH, sulfur oxides, nitrogen oxides, wet deposition. Acid
deposition refers to the transfer of acidic compounds from the atmosphere to the earth’s surface, either as
wet precipitation or dry particles. In cruise ship operations, emissions of SO, and NO, from fuel combustion
can contribute to regional acid rain formation. Example: A vessel burning high-sulfur marine diesel releases
SO,, which reacts with water vapor to form sulfuric acid, eventually falling as acidic rain on coastal
ecosystems. Practical application includes monitoring stack emissions and selecting low-sulfur fuels to
reduce acidifying potential. Challenges involve compliance with varying regional standards and the need for
real-time emission analytics aboard ships.

Air Quality Index (AQI) — Related terms: PM,.5, ozone, health advisory. The AQl is a numerical scale used to
communicate the level of air pollutants such as particulate matter, ozone, carbon monoxide, sulfur dioxide,
and nitrogen dioxide. For cruise ships, the AQI can be calculated for onboard air spaces and for ports of call
to assess passenger and crew exposure. Example: An AQI of 150 indicates “unhealthy” conditions,
prompting the ship’s environmental officer to limit outdoor activities and increase ventilation filtration.
Practical use includes integrating AQI monitoring sensors into the ship’s HVAC system. Challenges include
calibrating sensors for marine environments where salt aerosol may interfere with measurements.

Alternative Fuels — Related terms: Liquefied natural gas (LNG), methanol, hydrogen, bio-fuels. Alternative
fuels are non-conventional energy carriers that aim to lower emissions of CO,, SO,, NO,, and particulate
matter. In cruise shipping, LNG is the most widely adopted alternative, offering up to 25 % reduction in SO,
and NO, compared with heavy fuel oil. Example: A mid-size cruise vessel retrofitted with LNG tanks can
meet IMO Tierlll NO, limits in emission control areas. Practical application involves fuel storage design,
bunkering infrastructure, and crew training. Challenges include limited global LNG bunkering ports, higher
capital costs, and the need for dual-fuel engine technology.

Ambient Monitoring — Related terms: Fixed stations, mobile labs, data loggers. Ambient monitoring entails
measuring pollutant concentrations in the surrounding atmosphere of a cruise ship while docked or at
anchor. This data helps verify compliance with local air quality regulations. Example: A port authority
deploys a mobile lab to monitor NO, levels from a ship’s exhaust plume during loading operations. Practical
application includes using handheld analyzers to capture real-time emission data, which can be uploaded to
the ship’s environmental management system. Challenges are the variability of wind direction, the need for
standardized sampling protocols, and coordination with multiple jurisdictions.

Annex VI (IMO) - Related terms: MARPOL, NO, Technical Code, EMEP/EEA. Annex VI of the International
Convention for the Prevention of Pollution from Ships (MARPOL) sets limits for NO,, SO,, ozone-depleting
substances, and greenhouse gases. For cruise ships, Annex VI establishes Tier Il NO, standards in emission
control areas (ECAs) and mandates a global sulfur cap of 0.50% On fuel sulfur content (reduced to 0.10% In
ECAs). Example: A vessel operating in the North Sea ECA must use fuel with £0.10 % Sulfur or install exhaust
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gas cleaning systems (scrubbers). Practical application includes documenting fuel certificates and
maintaining onboard emission records. Challenges involve navigating differing national implementations
and ensuring continuous compliance during long voyages.

Atmospheric Dispersion Modeling — Related terms: Gaussian plume, CFD, CALPUFF. Atmospheric dispersion
modeling predicts how pollutants emitted from a ship’s exhaust plume spread and dilute in the surrounding
air. The model incorporates ship speed, stack height, wind speed, and atmospheric stability. Example: Using
a Gaussian plume model, a cruise line can estimate the concentration of NO, at a nearby coastal community
during a port call. Practical application includes integrating model outputs into environmental impact
assessments for new ship designs. Challenges include the need for high-resolution meteorological data,
handling complex topography, and accounting for ship-induced turbulence.

Barometric Pressure — Related terms: Altitude, ventilation, stack draft. Barometric pressure influences the
buoyancy of exhaust gases; lower pressure at higher altitudes can reduce natural draft in ship stacks,
affecting combustion efficiency and emission formation. Example: In the high-altitude port of Valparaiso, a
cruise ship may experience reduced stack draft, leading to higher CO emissions if not compensated.
Practical application involves adjusting fan speeds or using forced-draft exhaust systems. Challenges are the
variability of pressure with weather systems and the need for automated control algorithms.

Benchmarking Emissions — Related terms: Best-available-technology (BAT), performance standards, carbon
intensity. Benchmarking involves comparing a ship’s emission performance against industry standards, peer
vessels, or regulatory thresholds. Example: A cruise operator calculates the grams of CO, per
passenger-kilometer and compares it to the average of the top-10% low-emission ships. Practical
application includes setting internal targets, reporting to stakeholders, and guiding retrofits. Challenges
include obtaining accurate activity data, normalizing for vessel size, and dealing with inconsistent reporting
frameworks across regions.

Black Carbon (BC) — Related terms: Soot, particulate matter, climate forcing. Black carbon is a
light-absorbing component of fine particulate matter (PM,.s) Produced by incomplete combustion of
hydrocarbon fuels. In cruise ships, BC originates from diesel generators and auxiliary boilers. Example:
Measurements on a cruise liner show BC concentrations of 12 ugm™ in the engine room, contributing to
both health impacts and Arctic warming when emitted at high latitudes. Practical application includes
installing particulate filters and optimizing combustion to reduce BC output. Challenges are the high cost of
retrofitting older vessels and the need for continuous monitoring to verify reductions.

Carbon Capture and Storage (CCS) — Related terms: CO, sequestration, post-combustion capture, shipboard
scrubber. CCS is a set of technologies that capture carbon dioxide from exhaust gases and store it offshore
or on-shore to prevent atmospheric release. For cruise ships, a post-combustion capture system can be
integrated with the exhaust gas cleaning system, extracting CO, before the gas reaches the atmosphere.
Example: A prototype CCS module on a research cruise vessel captured 5% of its CO, emissions, storing the
compressed gas in high-pressure tanks for later off-loading at a port terminal. Practical application includes
reducing the vessel's carbon footprint and meeting future carbon-pricing schemes. Challenges are the large
space and weight penalties, high energy demand, and the lack of established commercial supply chains for
offshore CO; storage.
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Carbon Intensity Indicator (Cll) — Related terms: Energy Efficiency Design Index (EEDI), IMO 2023,
operational carbon rating. The Cll is a metric introduced by IMO to assess the operational CO, efficiency of
a ship, expressed as grams of CO, per cargo-capacity-day or per passenger-day for cruise vessels. Example:
A cruise ship with a Cll of 0.35GCO; pax™' nm™ may be classified as “C" under the IMO rating scale,
requiring improvement plans. Practical application involves continuous logging of fuel consumption,
distance travelled, and passenger load to calculate the indicator. Challenges include data integrity,
accounting for variations in itinerary, and aligning with future tightening of Cll thresholds.

Combustion Efficiency — Related terms: Excess air, flame temperature, fuel-air ratio. Combustion efficiency
measures the proportion of fuel energy that is converted to useful heat rather than lost as unburned fuel or
excess exhaust gases. High efficiency reduces fuel consumption and emissions of CO, unburned
hydrocarbons, and particulate matter. Example: Adjusting the fuel-air ratio on a ship’s main engine from
15% excess air to 5% can improve efficiency by 2% and cut CO emissions by 30 %. Practical application
includes real-time monitoring of exhaust gas oxygen and implementing automatic control of fuel injectors.
Challenges are the dynamic operating conditions of cruise ships (varying load, speed, sea state) that require
robust control algorithms.

Cooling Water Discharge (CWD) — Related terms: Biofouling, thermal pollution, marine growth control. CWD
refers to the water used to cool engine and auxiliary systems that is expelled back to the sea, potentially
carrying heat and invasive species. While primarily a water-quality concern, the temperature of discharged
cooling water can affect local air-sea interactions and VOC emissions. Example: A cruise ship operating in a
tropical port releases cooling water at 28 °C, raising local sea surface temperature and enhancing
evaporation. Practical application includes using closed-loop cooling systems or heat exchangers to
minimize thermal discharge. Challenges involve retrofitting existing vessels and ensuring compliance with
both water and air quality regulations.

Cross-Flow Ventilation — Related terms: Natural ventilation, mechanical ventilation, indoor air quality.
Cross-flow ventilation is a design strategy that promotes the movement of air across interior spaces,
reducing pollutant buildup and improving passenger comfort. In cruise ships, strategically placed openings
and fans can create a pressure differential that drives fresh air from the bow to the stern. Example: A cruise
liner uses a combination of deck-level intake louvers and aft exhaust fans to achieve a 0.05Pa pressure
differential, reducing indoor CO, levels during full occupancy. Practical application includes integrating
ventilation control with occupancy sensors. Challenges are maintaining ventilation effectiveness while
preserving fire safety and noise control.

Diesel Exhaust Fluid (DEF) — Related terms: Selective catalytic reduction (SCR), NO, reduction, urea solution.
DEF is a high-purity aqueous solution of urea (32.5%) Used in SCR systems to convert NO, into nitrogen
and water vapor. Cruise ships equipped with SCR can meet Tierlll NO, limits in ECAs. Example: A vessel's
SCR system injects 3% DEF by mass into the exhaust stream, achieving a 90 % reduction in NO, emissions.
Practical application involves storing DEF in dedicated tanks, monitoring consumption rates, and ensuring
the system operates within temperature specifications. Challenges include logistics of DEF supply at ports,
potential contamination of the urea solution, and the need for periodic catalyst regeneration.

Emission Control Area (ECA) — Related terms: IMO, sulfur cap, NO, Tierlll. ECAs are designated sea regions
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where stricter limits on SO, and NO, emissions are enforced to protect coastal air quality. Current ECAs
include the North American, Caribbean, Baltic, and North Sea regions. Example: When a cruise ship enters
the Baltic ECA, it must switch to fuel with <0.10 % Sulfur or activate an exhaust gas cleaning system.
Practical application includes pre-voyage planning to ensure compliant fuel availability and scheduling
scrubber maintenance. Challenges arise from rapidly changing ECA boundaries, the need for real-time
compliance verification, and potential penalties for non-compliance.

Exhaust Gas Cleaning System (Scrubber) — Related terms: Open-loop, closed-loop, hybrid, washwater
discharge. Scrubbers are devices that remove SO, and, to a lesser extent, PM from ship exhaust gases by
contacting them with a liquid medium, typically seawater. Open-loop scrubbers discharge washwater
directly to the sea, while closed-loop systems recirculate the water using a chemical additive. Example: A
cruise vessel fitted with a hybrid scrubber can operate in open-loop mode in international waters and switch
to closed-loop when entering an ECA with washwater restrictions. Practical application includes integrating
the scrubber with the ship’s ballast water treatment system to manage discharge compliance. Challenges
involve high capital costs, space requirements, and varying national regulations on washwater discharge
limits.

Exhaust Gas Recirculation (EGR) — Related terms: NO, reduction, combustion temperature, turbocharger.
EGR lowers peak combustion temperatures by re-introducing a portion of exhaust gas into the intake air,
thereby reducing NO, formation. Some modern cruise ship diesel engines incorporate EGR as part of a
multi-strategy NO, control approach. Example: An engine operating with 15% EGR achieves a 25% NO,
reduction while maintaining power output. Practical application includes calibrating the EGR valve to
balance NO, reduction against potential increases in particulate matter. Challenges include managing soot
buildup in the EGR cooler and ensuring reliable operation across varying engine loads.

Flue Gas Analyzer — Related terms: Stack monitoring, continuous emission monitoring system (CEMS), O,
sensor. A flue gas analyzer measures concentrations of CO,, O,, CO, NO,, and SO, in exhaust streams,
providing data for compliance verification and performance optimization. Example: A portable
non-dispersive infrared (NDIR) analyzer installed on a cruise ship’s main stack records real-time CO, at 3.2%
And NO, at 150 ppm, enabling immediate corrective actions. Practical application includes integrating the
analyzer with the ship’s automation system for automated alarm triggering. Challenges involve maintaining
sensor calibration in the salty marine environment and mitigating interference from high water vapor
content.

Fuel Sulfur Content (FSC) — Related terms: Sulfur cap, IMO 2020, low-sulfur fuel oil (LSFO). FSC denotes the
percentage by mass of sulfur present in a fuel. International regulations set a global maximum of 0.50 %
Sulfur for marine fuels, with stricter limits (0.10%) In ECAs. Example: A cruise ship bunkers LSFO at 0.08 %
Sulfur to comply with Baltic ECA requirements, avoiding the need for a scrubber. Practical application
includes verifying fuel certificates, conducting onboard fuel analysis, and maintaining a log of fuel batches.
Challenges are the availability of compliant fuel at remote ports and the risk of inadvertent use of
higher-sulfur fuel due to mislabeling.

Gas-Phase Oxidation — Related terms: VOCs, ozone formation, photochemical smog. Gas-phase oxidation
refers to chemical reactions in the atmosphere where volatile organic compounds (VOCs) react with
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oxidants such as OH radicals, leading to secondary pollutants like ozone. Emissions from ship exhaust
contain VOCs that can contribute to ozone formation in sunlit ECAs. Example: A cruise ship’s diesel
generators emit 0.5GkW™h™" of VOCs, which under high UV conditions can increase local ozone
concentrations. Practical application includes using low-VOC fuels and optimizing engine combustion to
minimize VOC release. Challenges involve limited onboard measurement capabilities for VOCs and the
complexity of atmospheric chemistry modeling.

Greenhouse Gas (GHG) Emissions — Related terms: CO,, methane (CH,), global warming potential (GWP).
GHGs are gases that trap heat in the Earth’s atmosphere, with CO, being the primary contributor from
cruise ship operations due to fuel combustion. Example: A 100,000-GT cruise vessel burning 30000t of fuel
per year emits approximately 100000t of CO,, accounting for a significant portion of its overall
environmental impact. Practical application includes adopting energy-efficient hull designs, speed
optimization, and alternative fuels to reduce GHG intensity. Challenges are balancing passenger comfort
with fuel savings and meeting increasingly stringent IMO GHG reduction targets (e.G., 40 % Reduction by
2030 compared to 2008 baseline).

Heat Recovery Steam Generator (HRSG) — Related terms: Waste heat recovery, organic Rankine cycle (ORC),
combined heat and power (CHP). An HRSG captures exhaust heat from ship engines and converts it into
steam for auxiliary power generation or district heating onboard. Example: A cruise ship equipped with an
ORC-based HRSG recovers 5% of engine waste heat, reducing auxiliary fuel consumption by 200tyr™".
Practical application includes integrating the HRSG with the vessel's electrical grid to supply hotel loads.
Challenges involve space constraints, maintenance of high-temperature components, and ensuring the
system operates efficiently across a wide range of engine loads.

Hybrid Propulsion — Related terms: Diesel-electric, battery-assisted, fuel-cell integration. Hybrid propulsion
combines conventional internal-combustion engines with electric motors powered by batteries or fuel cells,
allowing flexible operation to reduce emissions during low-speed maneuvering or in ECAs. Example: A
cruise ship uses battery power for port-side hotel loads and for the first 10 nm of an ECA, achieving a 30%
reduction in NO, and SO, emissions. Practical application includes implementing a power management
system that schedules engine start-stop cycles based on emission zones. Challenges are the high cost of
energy storage, limited battery endurance, and the need for robust safety systems for high-voltage
equipment.

ID (International Maritime Organization) Emission Standards — Related terms: Tierl, Tierll, Tierlll, NO,
Technical Code. The IMO issues tiered standards that specify maximum allowable emission levels for NO,
based on engine speed and rated power. Tierlll standards apply in ECAs and require up to 80 % NO,
reduction compared with Tierl. Example: A 20 MW cruise ship engine must meet Tierlll limits of
1.0GkW™h™ NO, when operating within the North Sea ECA. Practical application involves selecting engines
with built-in after-treatment technologies such as SCR or EGR. Challenges include retrofitting existing
vessels to meet higher tiers and managing the trade-off between NO, reduction and increased fuel
consumption.

Indoor Air Quality (IAQ) — Related terms: CO, concentration, ventilation rate, sick-building syndrome. IAQ
assesses the health and comfort of occupants inside ship cabins, restaurants, and public areas. High
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occupancy and limited ventilation can raise CO, levels above 1000 ppm, leading to discomfort and reduced
cognitive performance. Example: A cruise ship’s IAQ monitoring system alerts crew when cabin CO, exceeds
800 ppm, prompting an increase in fresh-air supply. Practical application includes designing HVAC systems
with variable air volume (VAV) controls and installing CO, sensors in high-density zones. Challenges are
balancing energy consumption with adequate ventilation, especially in extreme climates where heating or
cooling demands are high.

International Convention for the Prevention of Pollution from Ships (MARPOL) — Related terms: Annex VI,
Annex I, ballast water management convention. MARPOL is the primary international treaty governing
ship-borne pollution, covering oil, chemicals, sewage, garbage, and air emissions. Annex VI specifically
addresses air pollution. Example: A cruise operator must maintain an oil record book, sewage treatment
certificates, and a compliance log for NO, and SO, emissions as required by MARPOL. Practical application
includes integrating compliance documentation into the ship’s electronic management system. Challenges
involve staying current with amendments, ensuring crew training, and handling multi-jurisdictional
inspections.

Low-NO, Combustion (LNC) — Related terms: Staged combustion, water injection, selective catalytic
reduction. LNC strategies modify the combustion process to limit peak flame temperatures, thereby
reducing thermal NO, formation. Techniques include staging the air supply, injecting water or steam, and
optimizing fuel injection timing. Example: An LNC-tuned marine diesel engine reduces NO, by 35 % while
maintaining a 98 % combustion efficiency. Practical application involves retrofitting existing engines with
advanced fuel injection systems and installing water injection pumps. Challenges are the increase in fuel
consumption due to water heating and the need for precise control to avoid excess soot.

Marine Atmospheric Boundary Layer (MABL) — Related terms: Turbulence, wind shear, sea-surface fluxes.
The MABL is the lowest part of the atmosphere directly influenced by the ocean surface, where ship
emissions disperse. Its characteristics—such as stability, wind speed, and humidity—affect pollutant dilution.
Example: During a calm night in the MABL, a cruise ship’s exhaust plume may remain trapped near the deck,
increasing exposure for passengers on the promenade. Practical application includes using real-time
meteorological data to adjust engine load or activate emission abatement equipment. Challenges are the
rapid variability of MABL conditions and limited predictive capability in tropical regions.

Mass Flow Meter — Related terms: Fuel flow, turbine meter, Coriolis meter. A mass flow meter measures the
actual mass of fuel passing through a conduit, providing accurate data for emissions calculations and fuel
efficiency monitoring. Example: Installing a Coriolis mass flow meter on the main fuel line of a cruise ship
enables precise tracking of fuel consumption, allowing the ship’s energy management system to compute
CO; emissions per nautical mile. Practical application includes integrating the meter output with the vessel's
performance monitoring software. Challenges are ensuring meter durability against vibration and salt
corrosion, and calibrating the device for different fuel viscosities.

NO, Technical Code — Related terms: IMO, emission limits, verification procedures. The NO, Technical Code
provides detailed guidelines for measuring, reporting, and verifying NO, emissions from marine engines,
including test methods and data handling. Example: A cruise ship’s engine manufacturer submits a
Type-Approval certificate that complies with the NO, Technical Code, demonstrating that the engine meets
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Tier Il limits. Practical application involves conducting periodic in-service emissions testing and maintaining
records for flag state audits. Challenges include the cost of testing, the need for specialized equipment, and
ensuring consistency across multiple vessels.

Ozone Depleting Substances (ODS) — Related terms: CFCs, HCFCs, Montreal Protocol. ODS are chemicals
that can destroy stratospheric ozone, leading to increased UV radiation. Historically, some shipboard
refrigerants and fire-extinguishing agents contained ODS, but international agreements have phased them
out. Example: A cruise ship replaces its CFC-based air-conditioning system with an HFC (hydrofluorocarbon)
alternative to comply with the Montreal Protocol. Practical application includes inventorying all ODS on
board and ensuring proper disposal at approved facilities. Challenges are the higher global warming
potential of some HFC replacements and the need for regular audits to prevent accidental use.

Particulate Matter (PM) — Related terms: PM,.s, PMy,, soot, filtration. PM consists of solid and liquid particles
suspended in the air, originating from incomplete combustion of fuel. In cruise ships, PM is emitted from
diesel generators, auxiliary boilers, and incinerators. Example: Stack measurements show PM,.s
Concentrations of 45 ugm™ during heavy engine load, exceeding recommended health guidelines. Practical
application includes installing diesel particulate filters (DPF) and using low-sulfur fuels to reduce PM
formation. Challenges are the need for regular filter regeneration, potential pressure drop impacts on
engine performance, and ensuring compliance with both air and marine regulations.

Photochemical Smog — Related terms: VOCs, NO,, ozone, sunlight. Photochemical smog forms when VOCs
react with NO, under sunlight, producing secondary pollutants like ozone and peroxyacyl nitrates. Cruise
ship emissions can contribute to smog formation in coastal megacities. Example: A cruise vessel entering a
busy port during summer experiences elevated ozone levels, prompting the ship’s environmental officer to
reduce engine RPM and limit auxiliary generator use. Practical application includes adopting low-VOC fuels
and scheduling maintenance to minimize VOC releases. Challenges are limited onboard capabilities to
directly control VOC emissions and the dependence on external atmospheric conditions.

Plume Rise — Related terms: Stack height, exit velocity, atmospheric stability. Plume rise is the vertical
displacement of an exhaust plume caused by the momentum and buoyancy of the hot gases as they exit
the stack. Greater plume rise enhances dispersion, reducing ground-level concentrations. Example: A cruise
ship’s main exhaust stack, 25 m above deck, yields a plume rise of 15m under neutral atmospheric
conditions, keeping NO, concentrations low at the passenger promenade. Practical application includes
designing stacks with sufficient height and using auxiliary fans to increase exit velocity. Challenges involve
space limitations on deck, the impact of ship motion on plume trajectory, and varying atmospheric stability
that can suppress rise.

Port State Control (PSC) — Related terms: Inspections, non-compliance, detention. PSC is the authority of a
coastal state to inspect foreign vessels for compliance with international regulations, including air emission
standards. Example: During a PSC inspection in the Gulf of Mexico, officials verify that a cruise ship’s fuel
sulfur certificates match the on-board fuel analysis, confirming compliance with the 0.10 % Sulfur limit.
Practical application includes maintaining up-to-date documentation and preparing crew for inspections.
Challenges are the variability of inspection rigor among different port states and the risk of unexpected
detentions affecting itinerary schedules.
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Pre-Combustion Carbon Capture — Related terms: Fuel reforming, syngas, CO, removal. Pre-combustion
capture extracts CO, from fuel before combustion, typically by converting the fuel into a hydrogen-rich
syngas and separating CO,. While still at experimental stage for marine applications, it offers the potential
for near-zero carbon emissions. Example: A pilot project on a research cruise ship uses a membrane
separator to capture 90 % of CO, from a natural-gas-derived syngas before feeding it to a fuel-cell
propulsion system. Practical application includes integrating the capture unit with the ship’s fuel processing
system. Challenges are high energy penalties, system complexity, and the need for large storage volumes
for captured CO..

Renewable Energy Integration — Related terms: Solar panels, wind turbines, shore power. Renewable energy
sources can supplement a cruise ship’s power demand, reducing reliance on fossil fuels. Example: Installing
flexible solar panels on the ship’s upper decks provides up to 5% of the hotel load during daylight,
decreasing overall CO, emissions. Practical application includes coupling renewable generators with battery
storage and an energy management system that optimizes dispatch. Challenges are limited deck space,
variability of renewable generation, and ensuring that renewable integration does not interfere with safety
or stability requirements.

Scrubber Washwater Management — Related terms: Discharge standards, treatment, monitoring. Washwater
from open-loop scrubbers contains neutralized acids and suspended solids; its management must comply
with local discharge regulations. Example: A cruise ship operating in the Baltic Sea uses a closed-loop
scrubber to avoid washwater discharge, storing the treated water for later off-loading at a designated
reception facility. Practical application includes installing filtration units, pH monitoring, and automated
reporting to authorities. Challenges are the additional weight of storage tanks, the need for periodic waste
handling, and differing national rules on permissible discharge concentrations.

Selective Catalytic Reduction (SCR) — Related terms: Urea injection, NO, catalyst, ammonia slip. SCR is an
after-treatment technology that reduces NO, to nitrogen and water by injecting a urea-based DEF into the
exhaust stream, which reacts over a catalyst. Example: A cruise ship’'s SCR system achieves a 95% NO,
reduction, meeting Tierlll requirements in ECAs. Practical application includes integrating DEF storage,
dosing pumps, and catalyst temperature control within the exhaust system. Challenges involve maintaining
catalyst temperature (typically 300-400 °C), preventing ammonia slip, and ensuring reliable DEF supply
during long voyages.

Shipboard Continuous Emission Monitoring System (CEMS) — Related terms: Real-time data, compliance
reporting, sensor suite. CEMS provides continuous, automated measurement of exhaust gas pollutants,
enabling immediate detection of emission exceedances. Example: A CEMS installed on a cruise ship’s main
stack records NO,, SO,, CO,, and CO concentrations, transmitting data to the vessel's environmental
dashboard for crew awareness. Practical application includes triggering alarms when thresholds are
breached and generating automatic compliance reports for flag state submission. Challenges are sensor
fouling from salt aerosol, maintaining calibration in a moving environment, and managing large data
volumes.

Smoke Density — Related terms: Visibility, fire detection, optical sensors. Smoke density measures the
concentration of particulate matter in a plume, often expressed in optical units (e.G., % Obscuration). While
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primarily a fire safety metric, high smoke density can indicate incomplete combustion and elevated PM
emissions. Example: During a sea trial, a cruise ship’s exhaust shows a smoke density of 12% at idle,
prompting engine tuning to improve combustion. Practical application includes using optical smoke meters
to assess engine health and emissions performance. Challenges involve differentiating between soot from
combustion and other aerosols, and ensuring sensor placement avoids water ingress.

Sulfur Oxide (SO,) Emissions — Related terms: SO,, scrubbers, sulfur cap. SO, emissions arise from the
oxidation of sulfur in fuel during combustion, primarily as sulfur dioxide (SO5). In cruise ships, high-sulfur
fuel leads to elevated SO,, contributing to acid rain and health impacts. Example: Burning heavy fuel oil with
2.5% Sulfur can emit 30gkW™"h™" of SO, far exceeding the 0.10 % Sulfur ECA limit. Practical application
includes using low-sulfur fuel, installing scrubbers, or employing alternative fuel options like LNG.
Challenges are the cost and availability of compliant fuel, and the need to manage scrubber washwater
discharge in accordance with regional regulations.

Thermal Efficiency — Related terms: Heat rate, specific fuel consumption (SFC), waste heat recovery. Thermal
efficiency quantifies the proportion of fuel energy converted into useful work, typically expressed as a
percentage. Higher thermal efficiency reduces fuel consumption and associated emissions. Example:
Upgrading a cruise ship’s main engine to a newer model increases thermal efficiency from 48 % to 52 %,
saving approximately 150t of fuel annually and reducing CO, emissions by 500t. Practical application
includes regular engine maintenance, optimal load management, and employing waste heat recovery
systems. Challenges involve balancing efficiency gains with operational flexibility required for varied cruise
itineraries.

Volatile Organic Compounds (VOCs) — Related terms: Evaporative emissions, fuel handling, ozone
precursors. VOCs are organic chemicals that readily vaporize at ambient temperature, originating from fuel
spills, tank venting, and incomplete combustion. In cruise ships, VOCs can contribute to ozone formation in
coastal areas. Example: A leak in a fuel transfer line releases benzene and toluene, raising onboard VOC
concentrations and triggering alarms. Practical application includes installing vapor recovery units, using
sealed fuel tanks, and applying low-VOC cleaning agents. Challenges are detecting low-level leaks, ensuring
crew training on proper fuel handling, and complying with both air and water quality regulations.

Water-Cooled Exhaust Gas Cleaning System — Related terms: Seawater scrubber, open-loop, corrosion
control. A water-cooled scrubber uses seawater to absorb acidic gases from the exhaust, often in an
open-loop configuration where washwater is discharged directly. Example: A cruise ship’s water-cooled
scrubber reduces SO, emissions to below 0.10 % Sulfur limits while maintaining engine performance.
Practical application involves integrating the scrubber with the ship’s cooling water system, monitoring pH,
and ensuring corrosion-resistant materials are used. Challenges include meeting discharge standards that
limit sulfate concentrations, managing biofouling in the scrubber’s heat exchangers, and addressing the
environmental concerns associated with large-scale washwater discharge.
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