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Ship Inspection and Audit Techniques

Engine Room Performance Evaluation

Engine room performance evaluation is a systematic process that assesses the operational efficiency, safety,
and reliability of the mechanical and auxiliary equipment located in a ship’s engine room. Mastery of the
terminology associated with this evaluation is essential for auditors, inspectors, and engineers who must
interpret data, identify deficiencies, and recommend corrective actions. The following exposition presents
the principal terms and vocabulary, organized by functional categories, and illustrates their practical
application through examples and typical challenges encountered during inspections.

Power output refers to the amount of mechanical energy generated by a prime mover, such as a diesel
engine or turbine, and is usually expressed in kilowatts (kW) or brake horsepower (BHP). During an audit,
the recorded power output is compared with the vessel’s design specifications and the contractual service
speed. For instance, a 20 000 kW engine that consistently delivers only 18 000 kW may indicate wear, fouling,
or sub‑optimal fuel quality. Challenges arise when the engine’s load varies frequently, making it difficult to
isolate a single cause for reduced output.

Load factor is the ratio of the actual power produced to the maximum rated power of the engine, expressed
as a percentage. A typical load factor for a main engine on a container vessel ranges from 70 % to 90 %.
Auditors assess load factor trends over a voyage to determine whether the engine is being operated within
its optimal efficiency band. An excessively low load factor may suggest that the vessel is under‑utilized,
while a consistently high load factor can increase wear and the probability of failure.

Specific fuel consumption (SFC) quantifies the amount of fuel required to produce a unit of power for a
given period, usually measured in grams per kilowatt‑hour (g/kWh). It is a primary indicator of engine
efficiency. For example, a modern low‑speed diesel engine may have an SFC of 180 g/kWh, whereas older
designs may exceed 210 g/kWh. During performance evaluation, the SFC is plotted against engine load to
verify that the engine operates near its design curve. Deviations may be caused by poor fuel quality,
incorrect injection timing, or inadequate maintenance of the fuel injection system.

Fuel quality encompasses the chemical and physical properties of the fuel, including viscosity, sulfur
content, water content, and calorific value. Engines are calibrated for specific fuel grades; using fuel that
deviates from the specified parameters can lead to increased SFC, higher emissions, and accelerated
component wear. Inspectors often request a fuel analysis report and compare it with the engine
manufacturer’s recommendations. A common challenge is the presence of contaminants such as sediment
or microbial growth, which may not be evident without laboratory testing.

Thermal efficiency measures the proportion of heat energy in the fuel that is converted into useful work,
expressed as a percentage. It is derived from the engine’s indicated mean effective pressure (IMEP) and the
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calorific value of the fuel. High‑efficiency engines may achieve thermal efficiencies above 50 % for
slow‑speed diesel units. Auditors calculate thermal efficiency by integrating data from fuel flow meters,
power output transducers, and temperature sensors. Inaccurate sensor calibration or incomplete data
logging can compromise the reliability of the efficiency calculation.

Mean time between failures (MTBF) is a reliability metric that estimates the average operating time between
two successive failures of a specific component or system. It is calculated by dividing the total operating
hours by the number of failures observed during a defined period. For example, a bearing with an MTBF of
10 000 hours suggests that it should operate without failure for that duration under normal conditions.
During an audit, the MTBF of critical components such as the main bearing, fuel pump, and turbocharger is
compared with manufacturer guidelines to gauge maintenance effectiveness. A declining MTBF may signal
inadequate lubrication, misalignment, or excessive vibration.

Condition monitoring comprises a suite of techniques used to assess the health of machinery in real time,
often through vibration analysis, oil analysis, temperature monitoring, and acoustic emission testing.
Condition monitoring enables early detection of faults before they lead to catastrophic failure. For instance,
an increase in vibration amplitude at a specific frequency may indicate bearing wear or shaft misalignment.
Auditors verify that condition monitoring systems are calibrated, that data is recorded continuously, and
that maintenance actions are triggered appropriately based on established thresholds. A common challenge
is the integration of data from disparate sensors into a unified platform for analysis.

Vibration analysis involves measuring the amplitude and frequency of vibrations transmitted through the
engine’s structure. The data is typically displayed in a spectrum chart, where peaks correspond to specific
fault signatures. Common vibration indicators include overall vibration level (OVL), bearing fault frequency
(BFF), and gear mesh frequency (GMF). During inspection, the auditor reviews the latest vibration reports
and compares them with baseline values obtained when the engine was new. Elevated vibration levels may
be caused by unbalanced rotating parts, loosened mounting bolts, or deteriorated bearings. The auditor
must also assess whether the ship’s vibration isolation system is functioning correctly, as excessive hull
vibration can propagate to crew spaces and affect comfort.

Lubricating oil analysis (LOA) is a laboratory examination of the oil used to lubricate bearings, gears, and
other moving parts. The analysis determines the concentration of wear metals, contaminants, viscosity, and
the presence of degradation products such as acids or sludge. For example, an increase in iron content may
indicate wear of the cylinder liner, while elevated copper levels could point to bearing wear. Auditors review
LOA reports periodically and compare the trends with the engine manufacturer’s acceptable limits. A
challenge often encountered is the delay between oil sampling and receipt of results, which can reduce the
effectiveness of preventative maintenance.

Exhaust gas temperature (EGT) is a key parameter that reflects the combustion efficiency of the engine. It is
measured at the exhaust manifold and is typically expressed in degrees Celsius. A higher-than-expected EGT
can indicate incomplete combustion, excessive fuel injection, or a malfunctioning turbocharger. During
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performance evaluation, the auditor plots EGT against engine load and fuel consumption to verify that the
engine operates within the design envelope. Inconsistent EGT readings may arise from sensor drift, fouled
thermocouples, or inadequate exhaust flow due to clogged after‑treatment devices.

Turbocharger performance is assessed by examining the pressure ratio, inlet and outlet temperatures, and
the speed of the turbine. The turbocharger increases the amount of air supplied to the combustion
chamber, thereby improving power output and fuel efficiency. Auditors verify that the turbocharger’s
wastegate and variable geometry mechanisms are operating correctly. A common fault is turbine blade
erosion, which reduces pressure ratio and leads to higher fuel consumption. The auditor may also check for
oil leaks around the turbocharger bearing housings, which can compromise lubrication and cause
premature failure.

Cooling water system maintains the engine’s operating temperature within safe limits by circulating
seawater through heat exchangers. Key terms include inlet temperature, outlet temperature, flow rate, and
pressure drop across the heat exchangers. An auditor evaluates whether the cooling water temperature rise
(ΔT) conforms to the design specification, typically a 10 °C to 15 °C increase from inlet to outlet. Excessive
temperature rise may indicate fouling of heat exchange surfaces, reduced pump performance, or blockage
in the seawater intake. The auditor also checks for corrosion protection measures, such as the use of
anti‑fouling coatings and regular flushing of the system.

Bilge system integrity is vital for preventing water accumulation that could affect engine performance and
safety. The bilge system includes pumps, alarms, and drainage lines. Auditors assess the capacity of bilge
pumps relative to the maximum anticipated water ingress, verify that alarms are functional, and ensure that
the discharge routes comply with environmental regulations. A typical challenge is the presence of
oil‑contaminated water in the bilge, which may require separation equipment to avoid polluting the sea.

Electrical supply reliability concerns the stability of the power provided to engine control systems, auxiliary
equipment, and safety devices. Key terms include voltage stability, frequency deviation, harmonic distortion,
and redundancy. Auditors examine the condition of generators, switchboards, and emergency power
supplies, confirming that automatic transfer switches (ATS) function correctly. Inadequate voltage regulation
can cause erratic behavior of electronic control units, leading to sub‑optimal engine performance or even
shutdowns.

Automation and control systems encompass the engine’s monitoring panels, programmable logic
controllers (PLC), and human‑machine interfaces (HMI). The auditor reviews the configuration of alarm
thresholds, data logging intervals, and control logic to ensure they reflect the vessel’s operating profile. For
instance, the alarm for low oil pressure must be set at a level that provides sufficient warning before
damage occurs. A frequent challenge is the drift of sensor calibration over time, which can cause false
alarms or mask genuine faults. Regular verification of sensor accuracy is therefore a critical part of the
performance evaluation.
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Emission monitoring has gained prominence due to stricter environmental regulations such as IMO 2020
and the upcoming IMO 2030 sulfur cap. Key terms include sulfur oxide (SOx) emissions, nitrogen oxide
(NOx) emissions, and particulate matter (PM). Auditors assess whether the engine’s exhaust gas cleaning
system (scrubber) or selective catalytic reduction (SCR) unit is operating effectively. This involves reviewing
emission test reports, checking the consumption of consumables (e.G., Urea for SCR), and verifying that the
system’s control software is up to date. Failure to meet emission limits can result in significant fines and
detentions.

Operational data logging is the practice of recording key performance parameters at regular intervals,
typically via an onboard data acquisition system. Parameters logged include fuel flow, engine speed, torque,
temperature, pressure, and alarm events. Auditors inspect the data storage medium for integrity, verify that
the logging frequency is sufficient to capture transient events, and ensure that the data is backed up in
accordance with the vessel’s safety management system. Incomplete or corrupted logs impede root‑cause
analysis after a fault occurs.

Fuel injection timing is a critical variable that determines the point in the engine cycle at which fuel is
introduced into the combustion chamber. Proper timing maximizes combustion efficiency and minimizes
unburned fuel. Auditors may review the engine’s timing settings as documented in the manufacturer’s
service manual and compare them with the actual timing measured during a sea trial. Incorrect timing can
lead to increased SFC, higher exhaust temperatures, and elevated emissions. Adjusting timing often requires
specialized tools and the presence of qualified personnel.

Combustion chamber design influences the mixing of air and fuel, flame propagation, and heat transfer.
Terms such as “direct injection,” “pre‑combustion chamber,” and “common‑rail system” describe different
design philosophies. Auditors need to be aware of the specific design features of the vessel’s engine to
interpret performance data correctly. For example, a common‑rail system may have a wider range of
injection pressures, affecting fuel atomization and thus SFC. Understanding these nuances helps the auditor
to distinguish between normal design behavior and potential faults.

Heat balance analysis is an engineering method used to quantify the distribution of thermal energy within
the engine system. It involves accounting for the energy input via fuel, the useful work output, and the
losses through exhaust, cooling water, and radiation. Auditors may request a heat balance report to verify
that the engine’s performance aligns with theoretical predictions. Discrepancies often point to fouled heat
exchangers, inadequate insulation, or excessive auxiliary power consumption.

Auxiliary power unit (APU) provides electrical and pneumatic power when the main engine is offline, such as
during port stays or emergencies. Key terms include “load sharing,” “synchronization,” and “fuel
consumption rate.” The auditor evaluates the APU’s readiness, its fuel efficiency at various loads, and its
compliance with emission standards. A common operational challenge is the APU’s tendency to run at low
load for prolonged periods, leading to higher specific fuel consumption and increased wear.
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Propulsion system alignment refers to the geometric relationship between the engine output shaft, the
reduction gear, and the propeller shaft. Proper alignment minimizes bearing loads, reduces vibration, and
extends the service life of rotating components. Auditors may request alignment measurement reports,
which are typically obtained using laser alignment tools. Misalignment can arise from hull deformation,
improper installation, or wear of bearings. Correcting misalignment often requires substantial disassembly
and re‑assembly, emphasizing the importance of preventive inspection.

Reduction gear performance is evaluated by examining gear oil temperature, pressure, and the presence of
metal particles in the oil. The gear ratio determines the speed reduction from the high‑speed engine to the
propeller. Auditors verify that the gear oil meets viscosity specifications and that the oil filtration system
functions correctly. A common fault is gear tooth wear, which manifests as increased gear oil contamination
and elevated noise levels. Early detection through oil analysis and acoustic monitoring can prevent
catastrophic gear failure.

Propeller condition influences thrust, fuel consumption, and vibration. Terms such as “pitch,” “blade area
ratio,” and “cavitation” describe propeller characteristics. Auditors may inspect the propeller for signs of
erosion, pitting, or fouling, and compare the measured pitch and diameter with the design data. Cavitation,
which occurs when low pressure on the blade surface causes vapor bubbles to form, can lead to noise,
vibration, and blade damage. Detecting cavitation typically involves visual inspection during a docked
inspection or using hydro‑acoustic sensors while underway.

Hull‑propeller interaction examines how the hull form and flow patterns affect propeller efficiency. Terms
such as “wake fraction,” “thrust deduction factor,” and “relative rotative efficiency” are used to quantify this
interaction. Auditors may request a performance test report that includes measurements of ship speed,
propeller RPM, and fuel consumption, allowing calculation of the vessel’s overall propulsive efficiency. An
unfavorable hull‑propeller interaction may be caused by hull fouling, improper trim, or modifications that
alter the flow field.

Fuel oil tank management encompasses the handling, storage, and transfer of fuel within the ship’s tanks.
Key concepts include “stripping,” “settling,” “venting,” and “tank cleaning.” Auditors verify that fuel oil tanks
are kept free of water and sediments, that proper venting prevents over‑pressurization, and that tank
cleaning procedures follow regulatory requirements. Poor tank management can introduce contaminants
into the fuel system, leading to clogged filters, increased SFC, and potential engine damage.

Fuel filtration system removes particulate matter and water from the fuel before it reaches the engine. The
system typically includes a coarse filter, a fine filter, and a water separator. Auditors check the filtration
efficiency, the condition of filter elements, and the frequency of filter changes. A clogged filter can cause
fuel starvation, while a malfunctioning water separator may allow water ingress, resulting in corrosion and
wear of fuel injection components.

Lubrication system integrity is essential for protecting bearings, gears, and moving parts from wear and
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overheating. Important terms include “oil pressure,” “oil temperature,” “oil flow rate,” and “oil cleanliness.”
Auditors examine oil pressure gauges, temperature sensors, and flow meters for correct operation, and they
verify that oil analysis results fall within acceptable limits. Inadequate oil pressure may be caused by pump
wear, clogged filters, or air entrainment, each of which requires specific remedial actions.

Air filtration and intake conditioning ensures that the combustion air supplied to the engine is free of dust,
moisture, and oil aerosols. The system typically incorporates a cyclonic separator, a coarse filter, and a fine
filter. Auditors assess the condition of filter media, the pressure drop across the filters, and the frequency of
filter replacement. Excessive pressure drop can reduce airflow, leading to lower combustion efficiency and
higher SFC. In tropical regions, high humidity can cause condensation in the intake line, necessitating
additional drainage provisions.

Exhaust gas cleaning system (scrubber) is used to remove sulfur compounds from the exhaust to meet
emission limits. Terms such as “open‑loop,” “closed‑loop,” “alkaline solution,” and “scrubber discharge
compliance” describe different scrubber configurations. Auditors verify that the scrubber’s operating
parameters—such as liquid flow rate, pH, and temperature—are within design limits, and they review the
discharge monitoring records to ensure compliance with local regulations. A common operational challenge
is the buildup of sludge in the scrubber, which requires periodic cleaning to maintain efficiency.

Selective catalytic reduction (SCR) system reduces nitrogen oxide emissions by injecting a urea solution into
the exhaust stream. Key terms include “urea consumption rate,” “catalyst temperature,” “NOx reduction
efficiency,” and “ammonia slip.” Auditors examine the urea dosing system, confirm that the catalyst is
operating within its optimal temperature window (typically 250 °C to 400 °C), and check that the NOx
reduction targets are being met. Problems such as catalyst poisoning or urea crystallization can compromise
the SCR performance and must be addressed promptly.

Boiler performance (when present) is evaluated through parameters such as “steam generation rate,” “fuel
consumption per ton of steam,” “boiler pressure,” and “feedwater temperature.” Auditors verify that the
boiler’s safety valves are calibrated, that the water level controls function correctly, and that the combustion
air supply is adequate. A frequent issue is scale buildup on boiler tubes, which reduces heat transfer and
increases fuel consumption. Regular boiler blowdown and water treatment are essential preventive
measures.

Heat recovery systems such as “exhaust gas economizers” and “waste heat recovery units (WHRU)” capture
thermal energy from exhaust gases to preheat feedwater or generate additional power. Auditors assess the
effectiveness of these systems by comparing the temperature rise of the preheated fluid against design
expectations. Blockage of heat exchanger tubes due to soot or corrosion can diminish performance and
must be inspected during scheduled maintenance windows.

Safety valve functionality is a critical aspect of engine room safety. Safety valves protect the engine and
auxiliary systems from over‑pressure conditions. Auditors test the set pressure, reseating pressure, and
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leak‑tightness of each safety valve according to the manufacturer’s test procedures. A valve that fails to
open at the designated pressure can lead to catastrophic equipment damage, while a valve that leaks
continuously may cause unnecessary fuel consumption and environmental concerns.

Emergency shutdown (ESD) system provides the capability to stop the engine quickly in case of an
emergency. The system typically includes a “kill‑switch,” “engine stop valve,” “fuel shut‑off,” and “power
cut‑off.” Auditors verify that the ESD system is correctly wired, that the activation sequence follows the
safety management plan, and that periodic functional tests are performed. A common challenge is the
inadvertent activation of the ESD due to faulty wiring or sensor drift, which can interrupt operations and
cause unnecessary wear.

Fire detection and suppression in the engine room relies on heat detectors, flame detectors, and fixed
fire‑extinguishing systems such as CO₂ or foam. Auditors review the placement and calibration of detectors,
the integrity of fire‑extinguishing bottles, and the functionality of the alarm system. Inadequate detection
coverage or expired extinguishing agents can result in delayed response to a fire, increasing the risk of
extensive damage.

Noise and vibration standards are defined by regulations such as the International Maritime Organization’s
(IMO) “Code on Noise Levels.” Auditors measure sound pressure levels at various points in the engine room
and compare them with the permissible limits. Excessive noise can affect crew health and may indicate
underlying mechanical problems, such as unbalanced rotors or worn gear teeth. Mitigation measures
include installing vibration isolators, applying acoustic insulation, and performing corrective maintenance
on noisy components.

Performance testing involves conducting a series of sea trials or shaft‑line tests to establish the engine’s
actual performance under controlled conditions. Terms such as “full‑load test,” “partial‑load test,”
“steady‑state condition,” and “transient response” describe the test scenarios. Auditors examine the test
plan, verify that instrumentation was calibrated, and analyze the resulting data to confirm that the engine
meets its contractual performance specifications. Inadequate test documentation can undermine the
credibility of the performance claim.

Documentation and record keeping are essential for traceability and compliance. Key documents include
the “engine logbook,” “maintenance records,” “inspection reports,” “calibration certificates,” and “audit
trails.” Auditors assess whether records are complete, legible, and stored in a manner that protects them
from loss or tampering. Poor documentation can obscure the root cause of failures and hinder corrective
actions.

Regulatory compliance encompasses adherence to international conventions, classification society rules,
and flag state requirements. Relevant standards include SOLAS (Safety of Life at Sea), MARPOL (Marine
Pollution), and the International Convention for the Prevention of Pollution from Ships. Auditors must be
familiar with the specific clauses that pertain to engine room equipment, such as the requirement for
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oil‑water separators, emissions monitoring, and periodic certification of safety equipment.

Risk assessment methodology is employed to identify and prioritize potential hazards in the engine room.
Common approaches include the “Failure Modes and Effects Analysis (FMEA),” “Hazard Identification and
Risk Assessment (HIRA),” and “Bow‑Tie analysis.” Auditors review the risk assessment documentation to
ensure that critical failure modes—such as loss of lubrication, fuel contamination, or cooling system failure
—have been identified and that appropriate mitigation measures are in place.

Human factors considerations recognize that the performance of the engine room is influenced by crew
competence, workload, and ergonomic design. Terms such as “situational awareness,” “standard operating
procedures (SOP),” and “crew training records” are relevant. Auditors evaluate whether crew members have
received adequate training on engine monitoring, emergency response, and maintenance procedures.
Human error, such as incorrect valve operation or misinterpretation of alarms, remains a leading cause of
incidents, underscoring the need for robust training programs.

Predictive maintenance strategies leverage data analytics and condition monitoring to anticipate equipment
failures before they occur. Techniques include “trend analysis,” “machine learning algorithms,” and
“statistical process control.” Auditors assess whether the ship’s maintenance management system integrates
predictive insights and whether maintenance actions are scheduled based on actual equipment condition
rather than fixed intervals alone. Implementing predictive maintenance can reduce unplanned downtime
and extend component life, but it requires reliable data collection and skilled analysis.

Energy efficiency management plan (EEMP) is a requirement under IMO’s Energy Efficiency Code (EEC). The
plan outlines measures to improve the ship’s overall energy efficiency, including engine optimisation, hull
cleaning, and speed management. Auditors verify that the EEMP includes clear targets, performance
indicators, and a schedule for implementation. A challenge often encountered is aligning the EEMP with
operational constraints such as tight delivery schedules, which may limit the feasibility of certain efficiency
measures.

Load sharing between main engine and auxiliary generators is a practice used to optimise fuel consumption
by distributing the power demand across multiple sources. Auditors examine the control logic that
determines when auxiliary generators are engaged, the criteria for synchronisation, and the impact on
overall fuel usage. Improper load sharing can lead to over‑loading of the main engine or under‑utilisation
of the auxiliaries, both of which affect efficiency and wear patterns.

Fuel consumption monitoring systems employ flow meters, temperature sensors, and density meters to
calculate the mass flow rate of fuel. The term “mass flow meter” refers to devices such as Coriolis meters
that provide direct measurement of fuel mass, eliminating the need for temperature and density
corrections. Auditors verify the accuracy of these devices by checking calibration certificates and comparing
measured values with manual tank gauging data. Inaccurate fuel measurement can distort SFC calculations
and affect compliance reporting.
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Temperature and pressure transducers are essential for monitoring critical engine parameters. The accuracy
class of the transducer, its installation location, and its response time are important factors. Auditors inspect
the wiring, grounding, and shielding of transducers to prevent electromagnetic interference, which can lead
to erroneous readings. A common issue is sensor drift due to exposure to high‑temperature environments,
necessitating periodic recalibration.

Data acquisition and integration platforms collect signals from diverse sensors and present them to the
bridge crew and engineering staff. The term “SCADA (Supervisory Control and Data Acquisition)” describes
a typical architecture used in modern vessels. Auditors evaluate the robustness of the SCADA system, its
redundancy features, and the security measures in place to protect against cyber‑threats. Integration
challenges arise when legacy equipment lacks digital interfaces, requiring the use of analog‑to‑digital
converters or protocol gateways.

Calibration procedures define the steps required to verify that measurement instruments meet specified
accuracy standards. Auditors review the calibration schedule, the traceability of calibration standards to
national metrology institutes, and the documentation of any corrective actions taken when an instrument
falls out of tolerance. Failure to maintain calibration can lead to systematic errors in performance evaluation,
undermining the reliability of the audit findings.

Maintenance planning software assists in scheduling preventive tasks, tracking spare parts inventory, and
generating work orders. Auditors assess whether the software aligns with the vessel’s maintenance strategy,
whether it incorporates manufacturer‑recommended intervals, and whether it provides alerts for overdue
tasks. A typical challenge is the under‑utilisation of the software’s reporting capabilities, which can result in
missed opportunities for trend analysis and cost optimisation.

Spare parts management is critical for ensuring that essential components are available when needed.
Terms such as “critical spares list,” “stock‑keeping unit (SKU),” and “lead time” describe aspects of spare
parts logistics. Auditors verify that the critical spares list reflects the most failure‑prone items identified
through MTBF analysis and that inventory levels are sufficient to cover the longest anticipated
replenishment period. Over‑stocking, however, can lead to unnecessary capital tied up in parts that may
become obsolete.

Regenerative fuel injection systems are employed on some modern marine diesel engines to improve fuel
atomisation and reduce emissions. The term “common‑rail injection” describes a system where fuel is stored
at high pressure in a rail and delivered to each cylinder via electronically controlled injectors. Auditors may
need to assess the condition of the high‑pressure pump, the integrity of the rail, and the performance of
the injector nozzles. Faults in these components can manifest as irregular combustion, increased SFC, and
higher exhaust emissions.

Turbo‑charged versus super‑charged configurations affect the way air is supplied to the combustion
chamber. In a turbo‑charged system, exhaust gases drive the turbine, whereas a super‑charged system uses
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a mechanically driven compressor. Auditors must recognise the performance implications of each
configuration, such as the lag associated with turbochargers and the additional power draw of
superchargers. Understanding these differences aids in interpreting engine response curves and fuel
consumption patterns.

Heat exchanger fouling reduces the effectiveness of heat transfer surfaces, leading to higher temperature
differentials and increased fuel consumption. Auditors examine the cleaning schedule for heat exchangers,
the type of cleaning method employed (mechanical, chemical, or ultrasonic), and the monitoring of pressure
drop across the exchanger. A common challenge is balancing the need for regular cleaning with the
operational downtime required to perform the maintenance.

Corrosion control measures in the engine room encompass the use of corrosion‑inhibiting additives in fuel
and lubricating oil, the application of protective coatings to metal surfaces, and the implementation of
cathodic protection for submerged components. Auditors verify that corrosion monitoring programs, such
as the use of coupons or ultrasonic thickness measurements, are in place and that the results are reviewed
regularly. Failure to control corrosion can lead to rapid degradation of critical components, including
propeller shafts and bearing housings.

Oil mist detection systems are installed to detect the presence of oil aerosols in the engine room
atmosphere, which can indicate leaks in the lubrication system. Auditors assess the placement of detectors,
the sensitivity settings, and the alarm integration with the ship’s safety system. A false alarm due to dust
accumulation on the sensor can cause unnecessary shutdowns, while a missed detection may allow an oil
fire to develop unnoticed.

Steam turbine auxiliaries (where applicable) include the “condensate pump,” “exhaust steam valve,” and
“feedwater heater.” Auditors evaluate the performance of these components by checking flow rates, valve
positions, and temperature differentials. For example, an abnormal temperature rise across the feedwater
heater may indicate fouling or insufficient steam supply, affecting overall turbine efficiency.

Engine start‑up and shutdown procedures are critical phases that influence long‑term reliability. Auditors
review the documented procedures to ensure they include steps such as pre‑start oil pressure verification,
gradual load increase, and post‑shutdown cooling. Deviations from the prescribed sequence can cause
thermal shock, leading to cracks in cylinder liners or bearing damage. Auditors may also observe an actual
start‑up to verify compliance with the written procedures.

Fuel oil heating system is used to reduce the viscosity of heavy fuel oil, facilitating proper atomisation in the
injector. The system typically includes a heat exchanger, circulation pump, and temperature control.
Auditors check that the heating system maintains the fuel within the temperature range specified by the
engine manufacturer, and that safety devices such as over‑temperature alarms are functional. Inadequate
heating can result in poor combustion and increased SFC, while excessive heating may cause fuel
degradation.
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Exhaust gas back‑pressure influences engine breathing and performance. Auditors may measure
back‑pressure using a manometer installed at the exhaust manifold. Elevated back‑pressure can be caused
by blockage in the after‑treatment system, fouling of the exhaust manifold, or a malfunctioning exhaust gas
recirculation (EGR) valve. High back‑pressure reduces engine efficiency and can increase exhaust
temperature, potentially leading to overheating of downstream components.

Fuel pump performance is assessed by measuring the delivered fuel flow rate, pressure, and temperature at
the pump outlet. Auditors verify that the fuel pump maintains the required pressure across the full range of
engine loads and that the pump’s mechanical seals are not leaking. A drop in pump pressure may indicate
wear of pump components, blockage in the fuel line, or air entrainment, each of which requires targeted
corrective action.

Engine room ventilation ensures the removal of heat, fumes, and potentially hazardous gases. Auditors
evaluate the capacity of ventilation fans, the location of exhaust ducts, and the adequacy of fresh air supply.
Inadequate ventilation can lead to elevated temperature levels, reduced crew comfort, and accumulation of
harmful gases such as carbon monoxide. Compliance with ventilation standards, such as those set by the
International Labour Organization (ILO), is also verified.

Electrical grounding and bonding protect equipment from stray currents and reduce the risk of electrical
shock. Auditors inspect the continuity of grounding conductors, the resistance of grounding points, and the
integrity of bonding straps that connect metallic structures. Poor grounding can cause interference with
sensor signals, leading to inaccurate performance data, and may pose safety hazards for personnel working
in the engine room.

Redundant power supplies are often employed for critical control and safety systems. The term
“uninterruptible power supply (UPS)” describes a device that provides short‑term power during a generator
outage, allowing for a controlled shutdown. Auditors verify the capacity of the UPS, its battery condition,
and the automatic transfer mechanism that switches to the backup source. Failure of the UPS during a
critical event can prevent safe shutdown of the engine, potentially resulting in damage or fire.

Hull cleaning and fouling management impact propulsion efficiency and fuel consumption. Auditors assess
the frequency and method of hull cleaning, the use of anti‑fouling coatings, and the documentation of
cleaning activities. A heavily fouled hull increases frictional resistance, leading to higher engine load and
fuel usage. However, aggressive cleaning methods may damage protective coatings, underscoring the need
for a balanced approach.

Propeller pitch control (in controllable‑pitch propellers) allows the blade angle to be adjusted while the
shaft rotates, providing flexibility in manoeuvring and speed control. Auditors examine the hydraulic or
electric actuation system, the pitch angle sensors, and the control logic that determines pitch changes.
Faults such as hydraulic leaks or sensor misalignment can cause incorrect pitch settings, resulting in reduced
thrust or excessive fuel consumption.
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Hydraulic system integrity is essential for operating controllable‑pitch propellers, steering gear, and other
actuators. Auditors assess hydraulic fluid quality, system pressure, and the condition of seals and hoses.
Contamination of hydraulic fluid can lead to wear of pump components and erratic actuator performance.
Regular fluid analysis and filter replacement are recommended preventive measures.

Auxiliary engine performance (when a ship carries a secondary diesel engine for generating electricity) is
evaluated using similar metrics as the main engine, including SFC, load factor, and emission levels. Auditors
verify that the auxiliary engine operates within its design envelope and that its fuel consumption does not
exceed the limits set by the vessel’s energy management plan. In many cases, the auxiliary engine runs at
partial load for extended periods, which can affect its efficiency; therefore, load optimisation strategies are
examined.

Fuel trim and injection pressure control are parameters that indicate the fine‑tuning of fuel delivery to
maintain optimal combustion. Fuel trim reflects the deviation between commanded and actual fuel delivery,
while injection pressure control governs the maximum pressure achieved by the high‑pressure pump.
Auditors may review diagnostic data from the engine control unit (ECU) that displays these values.
Persistent negative fuel trim can signal poor fuel quality or injector leakage, prompting further investigation.

Engine room layout and accessibility influence the ease of inspection, maintenance, and emergency
response. Auditors assess whether critical components are reachable without excessive disassembly,
whether safety walkways and platforms are provided, and whether proper lighting is installed. Poor layout
can increase inspection time, elevate the risk of accidents, and hinder rapid response to emergencies such
as leaks or fires.

Training records for engineering crew are part of the audit documentation. Auditors verify that crew
members have completed certifications for engine operation, safety procedures, and specific equipment
such as the SCR system or scrubber. Continuous training ensures that personnel can interpret performance
data accurately and respond effectively to abnormal conditions.

Regulatory reporting obligations include submitting fuel consumption reports (e.G., IMO’s “Data Collection
System” for fuel oil consumption), emission monitoring records, and safety equipment certificates. Auditors
check the timeliness and completeness of these reports, ensuring that the vessel remains in compliance with
maritime regulations. Failure to submit accurate reports can result in penalties, detentions, or loss of
certification.

Port state control (PSC) inspections often focus on engine room performance as a key indicator of overall
vessel condition. Auditors preparing for PSC inspections must ensure that all documentation, test results,
and maintenance records are readily available. Common findings during PSC inspections include
non‑functioning alarms, outdated calibration certificates, and inadequate oil analysis frequency. Addressing
these issues proactively reduces the likelihood of non‑conformities.

Risk‑based inspection planning prioritises engine room components based on their probability of failure
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and the potential impact on safety and operations. Auditors may use a matrix that combines the severity of
a failure (e.G.
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