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In the maritime industry, fuel efficiency is a
key determinant of cost, compliance and
competitiveness. Tightening carbon
regulations, volatile fuel prices, and
growing scrutiny of the Carbon Intensity
Indicator (ClIl) have shifted vessel
optimisation from engineering direction to
board-level accountability.

Shipowners and regulators also know that
vessels cannot be improved without
standardised quantification based on
high-resolution telemetry. Legacy fleet
effectiveness monitoring methods, such as
noon reports and ad hoc sea-trial
comparisons, often lack consistency,
environmental correction, and statistical
discipline.

As fleets seek assessable gains in fuel
efficiency and emissions reduction, they
need to ensure that a vessel's productivity
is always measured credibly and
comparably. ISO-based models build that
foundation. Standards such as ISO 19030,
ISO 15016, and ISO 50001 introduce defined,
data-powered methodologies for
evaluating vessel efficiency in service and
during lifecycle events such as
dry-docking.

These frameworks make vessel
optimisation a continuous,
evidence-backed process. They leverage
real-world operational data to drive cost
control, carbon reduction, and technical
governance.
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ISO 19030: Hull & Propeller Performance

The condition of the hull and propeller is
directly related to fuel consumption,
shaft power demand, and carbon
intensity. Even slight fouling can cause
significant efficiency losses, but
performance degradation is often
assessed subjectively or retrospectively.
This results in delayed maintenance
decisions, fuel overconsumption being
normalised as operational variance, and
avoidable cost and emissions exposure
accumulating unnoticed. ISO 19030
addresses the problem by providing a
standardised methodology for
quantifying changes in hull and
propeller performance in service.

ISO’s standards prescribe organised
data pre-processing, statistical filtering,
and correction for environmental factors
such as wind, waves, water temperature,
and currents. They ensure that technical
yield comparisons are made on a
like-for-like basis, separating genuine
technical degradation from external
operating variability.
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General principles
and performance
indicators

Default method
(higher accuracy,
greater data

Alternative methods
(broader applicability,
lower precision)

requirements)

The framework defines four key
performance indicators (KPIs) that cover
in-service monitoring and dry-docking
evaluation. By comparing current
performance against a validated
baseline — usually obtained from sea
trials or early operational data — owners
can identify performance drift and
initiate maintenance actions such as
hull cleaning or propeller polishing at
economically optimal points.

With 1SO 19030, shipowners transform
maintenance timing from
calendar-based schedules to
fact-based intervention. This results in
better control over vessel lifecycle
efficiency and emissions exposure — a
factor that counts in both regulatory and
commercial performance.
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How ISO 19030 Converts Operational Data into Maintenance Decisions

DATA CAPTURE ENVIRONMENTAL PERFORMANCE DRIFT
o SPEED & POWER CORRECTION ANALYSIS

e FUEL CONSUMPTION e WIND & WAVE ADJUSTMENT @ TRACKING
o DRAFT & WEATHER ® CURRENT CORRECTION EFFICIENCY LOSS

DATA SCREENING BASELINE MAINTENANCE

& CLEANING COMPARISON TRIGGER

® OUTLIER REMOVAL ® SEATRIALS BASELINE ® THRESHOLD REACHED?
® VALID DATA FILTERING e ERFORMANCE DELTA ® SCHEDULE CLEANING

® OPERATIONAL STABILITY

Optimised Intervention Over Calendar-Based Scheduling

By filtering, correcting and benchmarking operational data against validated baselines, ISO
19030 enables maintenance decisions for vessel optimisation to be driven by quantified

performance drift.




ISO 15016: Speed and Power Performance

Originally developed as a standard for
speed trials, ISO 15016 provides the
hydrodynamic reference point against
which performance is fundamentally
understood. It establishes uniform
procedures to measure a vessel's
speed-power relationship under
controlled conditions - no wind, no waves,
no current, deep water, 15°C.

Earlier, its objective was to ensure that
contractual speed and fuel-consumption
benchmarks were verified using
consistent, technically sound methods.
ISO 15016 methodologies are increasingly
being applied to in-service performance
assessment, particularly to correct for
added resistance from wind, waves, and
currents. The standard strengthens the
credibility of speed—power analysis under
real operating conditions.

The analysis is important to develop
Vessel Performance Models (VPMs).
Accurate modelling of fuel consumption
across changing drafts, speeds and
weather conditions depends on robust
correction algorithms rooted in
hydrodynamic principles. Towards this
end, ISO 15016 provides the physical
modelling backbone upon which
advanced analytics and machine
learning layers can operate.

Working with ISO 15016 enables realistic
fuel consumption forecasting. It also
helps with weather-routing decisions,
voyage-optimisation strategies, and the
evolution of digital twins that replicate
vessel behaviour in dynamic operating
environments. By bridging physical
engineering models with data science
applications, ISO 15016 improves
performance transparency for both
technical and commercial functions.




ISO 50001: Energy Management Systems

While ISO 19030 and ISO 15016 focus on
vessel-level performance measurement,
ISO 50001 operates at the organisational
level. It provides a framework for
establishing, implementing and
continually improving an Energy
Management System (EnMS) in any
enterprise, irrespective of size, sector or
geographic location. The standard
embeds energy performance into
corporate governance rather than
treating it as a technical afterthought.

Built around the Plan-Do—-Check-Act
cycle, ISO 50001 requires organisations to
define their energy baselines, set
measurable objectives, monitor
performance, and demonstrate continual
improvement in energy efficiency. In a
maritime context, this framework aligns
naturally with regulatory instruments
such as the Ship Energy Efficiency
Management Plan (SEEMP) and Carbon
Intensity Indicator (CIl) monitoring. It
ensures that compliance is an ongoing
management discipline.
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The value of ISO 5001 lies in how it connects
fleet-level performance data with
procurement policies, operational
procedures, investment planning and
management review processes. For vessel
optimisation initiatives, it links technical
efficacy to financial outcomes and
emissions targets.

Implementing ISO 5001 can be
resource-intensive if data systems, roles,
and reporting lines are patchy. Conversely,
the maturity and trustworthiness of
underlying performance data boost its
efficacy for vessel optimisation.

When supported by credible measurement
frameworks and consistent baselines, ISO
50001 makes energy efficiency an
enterprise governance mechanism,
fostering transparency, auditability and
long-term improvement capability.



The ISO Performance Continuum:
From Ship Physics to Corporate Outcomes

) Fuel Cost Optimisation

& Cll Performance Control

¥ Emissions Reduction

) Forecasting Reliability
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INTEGRATED ISO MODELS ENABLE ENTERPRISE-LEVEL OPTIMISATION
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Integrating ISO Models into Modern Performance Architecture

ISO standards make vessel optimisation
more disciplined and provide it with a
governance structure. However, their full
potential is realised only when they are
applied to architectures that integrate
engineering models, high-frequency
data, and advanced analytics to improve
vessel performance.

Digital twins represent one such
evolution. By anchoring virtual vessel
models to ISO 15016 speed—power
baselines and ISO 19030 in-service
performance references, operators can
simulate real-time behaviour under
varying draft, speed and weather
conditions. The benefit? With information
from static reporting, they can make
continuous comparisons between actual
and expected performance.

These optimisation approaches also
blend white-box and black-box
approaches. The physics-based ISO
methodologies form the white-box
foundation to maintain hydrodynamic
credibility and environmental-correction
integrity.

Machine learning models work as
black-box layers, identifying complex
patterns, anomaly signatures, and
non-linear efficiency shifts. This hybrid
structure enhances predictive accuracy
while preserving technical transparency.

High-frequency validated data
strengthens this architecture. The noon
reports that offer limited resolution are
now supplemented by sensor streams for
real-time detection of deviations from
benchmarks, faster understanding of the
causes of performance drift, and stronger
calibration of resistance-correction
models. All of this improves the fidelity of
fuel consumption forecasting and
maintenance trigger logic.

At the fleet level, integration into analytical
dashboards helps in comparative
benchmarking across vessels, alignment
with predictive maintenance programmes,
and clearer investment prioritisation.
Carbon trajectory modelling, including
forward Cll forecasting, is more reliable




Bridging the Gap Between Standards and Outcomes

ISO standards describe how vessel
performance should be gauged.
Shipowners and operators simply need to
ensure that the discipline prescribed
under them is applied consistently across
fleets, systems and management layers.

In practice, many organisations deploy
ISO frameworks primarily for compliance.
They document speed-power curves,
generate voyage economics reports and
draft energy policies. However, the results
stay disconnected from commercial
planning, technical budgeting and
voyage execution decisions. Despite
constant measurement, optimisation
does not scale.

One constraint is architectural
fragmentation. Sensor streams, noon
reports, maintenance systems, and
voyage platforms operate in parallel but
are not integrated into a single
ecosystem. Without harmonised data
structures and version-controlled
baselines, speed-power models drift,
correction factors lose consistency, and
comparative fleet benchmarking
becomes unreliable.

Another challenge comes from temporal
resolution. Low-frequency reporting
delays deviation detection and weakens
predictive capability. This highlights the
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importance of high-frequency data, which
facilitates stronger model calibration,
earlier anomaly identification, and more
credible carbon trajectory forecasting. The
difference also determines whether
performance management is reactive or
anticipatory.

Governance alignment is another critical
factor. Technical teams can monitor a
vessel's functional degradation, and
commercial teams manage fuel exposure
and charter commitments. However, if
these functions rely on different
performance assumptions, decisions can
diverge. A common, ISO-aligned logic
establishes a single operational baseline —
ensuring that technical, commercial and
voyage decisions use the same validated
reference.

Bridging these gaps requires structured
data administration, model integrity
controls, and the integration of ISO-aligned
metrics into operational and financial
workflows. When these elements converge,
performance standards become
measurable enterprise outcomes rather
than being procedural benchmarks.



ISO 15016, ISO 19030 and ISO 50001 were never intended to be separate technical
standards. Together, they create a uniform performance language which links
hydrodynamic baselines, in-service efficiency monitoring and organisational energy
governance.

In an industry impacted by fuel volatility, emissions regulation, and tight carbon-intensity
targets, measurement discipline alone does not help ship operators and owners. These
ISO standards must be embedded in digital architectures, calibrated against validated
high-frequency data, and integrated into commercial and operational decision-making
cycles.

When properly aligned, ISO-based models enable realistic fuel forecasting, credible ClI
trajectory planning, predictive maintenance alignment and charter-party risk
transparency. They strengthen governance while reducing decision friction.

The evolution here is seen as

) Static compliance turning into dynamic optimisation

) Isolated ship-level metrics are becoming e

Organisations that treat ISO standa rd§'<:s

positioned to manage cost exposure
differentiation edge in the dec
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