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Abstract

Decarbonisation rules are turning bunkering into an evidence problem. Fuel claims now pass
through MRV (Monitoring, Reporting and Verification) files, port records, and ocean-observa-
tion data. This Note explains the main data sources, where they fail, and why data integrity
matters for enforcement, due diligence, and insurance. It uses ammonia bunkering as a hard
case because small errors can trigger safety, pollution, and legal exposure. A short caselet
shows what an audit-ready evidence package looks like near a sensitive coast. Five practical
takeaways suggest how hydrographic and observing communities can support accountable

transition.

1 Why “bunkering evidence” matters
now

Decarbonisation compliance is no longer only about
technology. It is also about proof. Regulators and
markets increasingly ask two questions. What fuel
was used, and what can be shown and verified. The
second question is rising fast. When reported figures
trigger cost, penalties, or contractual outcomes, evi-
dence quality becomes a legal risk factor.

Three forces drive this shift. First, global policy is
moving toward stronger control. The IMO’s 2023
GHG Strategy sets a clear direction toward net-zero
emissions close to 2050 and calls for faster ac-
tion (MO, 2023). Second, regional regimes already
convert data into consequences. In the European
Union, shipping requires monitoring, reporting, and
verification of emissions (European Union, 2015).
FuelEU Maritime adds well-to-wake intensity require-
ments and links fuel choices to compliance records

(European Union, 2023a). The EU also expanded
the ETS (Emissions Trading System) framework and
aligned key parts of its climate rules (European Union,
2023b). In these systems, a wrong number is not
a small internal error. It can become a legal and fi-
nancial event. Third, alternative fuels increase the
distance between a physical transfer and the com-
pliance claim. With conventional fuel oil, a bunker
delivery note and a representative sample often an-
chor the story. With low-carbon fuels, the claim can
depend on attributes and upstream steps. The evi-
dence becomes layered. Layers create failure points.
They also create disputes about who controlled what,
who relied on what, and who pays.

Ammonia makes the evidence issue easy to see.
Ammonia is discussed as a low or zero carbon option
at the point of use, but it is highly hazardous. A minor
deviation in transfer control can have immediate safety
and environmental implications. A minor deviation in
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data can also create later enforcement and contrac-
tual consequences. LNG can act as a comparator.
It shows how fuel-specific issues and emissions ac-
counting questions can shape commercial outcomes.
But ammonia is a hard case because public concemn
is high and the tolerance for uncertainty is low.

For the hydrographic and ocean-observation com-
munity, this matters directly. Independent obser-
vations do not replace MRV. They can strengthen
accountability. They can provide time and location
anchors. They can support response decisions. They
can also reduce disputes by adding external, time-
stamped data that is hard to rewrite after the fact.

2 The evidence stack: what data exists
Bunkering evidence is best understood as an “evi-
dence stack”. It has four layers. Each layer has a
different owner and a different audit logic. A strong
system links the layers with timestamps, custody
controls, and clear responsibility.

Layer 1: Regulatory reporting data (MRV and re-
lated files). MRV tumns fuel use into legally relevant
numbers. In the EU, the MRV Regulation establishes
how emissions must be monitored, reported, and
verified (European Union, 2015). FuelEU Maritime
adds further requirements tied to fuel and energy use
(European Union, 2023a). These rules push opera-
tors to treat data governance as compliance infra-
structure. A clean MRV file requires consistent inputs,
documented methods, and a traceable record of
corrections.

Layer 2. Port and bunkering documents (the
transfer record). This layer includes delivery docu-
ments, meter records, sampling steps, checklists,
and signed logs. Under MARPOL Annex VI practice,
bunker delivery notes and fuel oil sampling guid-
ance help create a bridge between fuel supplied
and compliance checks (IMO, 2024). For ammonia,
operational records also include safety controls and
emergency readiness. Measurement method, meter
calibration, and custody seals are not “nice to have”.
They are part of the proof.

Layer 3: Shipboard data (what the ship recorded).
This includes tank levels, fuel management system
logs, engine control records, alarm logs, and event
logs. It can also include VDR (Voyage Data Recorder)
time markers for key events. Shipboard data links
transfer events to consumption and reporting. It also
Creates cyber integrity risk. If the data can be edited
without trace, its legal value drops.

Layer 4: External observation data (ports, coast,
and ocean). This includes AIS tracks, VTS records
where available, satellite observations, coastal sen-
sors, metocean data, and water-quality monitoring.
External data can validate the time and location of the
operation. It can support plausibility checks. It can
also support response and post-incident reconstruc-
tion if a release is suspected. For sensitive coast op-
erations, currents, tide, and wind can be as important
as the transfer log.
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Table 1 summarises owners and weak points
across the stack. It also highlights where the hydro-
graphic and observing community can add value.

The practical lesson is simple. Decarbonisation
creates a multi-source truth environment. No single
record will carry the whole burden. A good evidence
pack aligns layers, preserves custody, and makes
later reconstruction possible.

3 Where evidence fails: three
predictable break points

Evidence failures cluster in three places. They are

predictable, so they are preventable. Each failure

point can tum a technical variance into a legal

dispute.

Failure point 1: Certification and fuel attributes.
Low-carbon fuels often carry claims about origin,
pathway, and lifecycle emissions. For “green am-
monia”, the compliance value depends on more
than chemical composition. It depends on upstream
production and chain-of-custody. The risk is not only
fraud. It is also mismatch and non-recognition. A cer-
tificate can be valid in one system but not accepted
in another. A certificate can also become detached
from the physical batch if custody controls are weak.
When this happens, the ship may face compliance
exposure even if the transfer was safe and the fuel
was fit for use.

Failure point 2: Custody transfer and measure-
ment at the interface. The transfer interface is a
classic dispute zone. Parties argue about what quan-
tity was delivered, what quantity was received, and
what method controlled the measurement. Under
MARPOL Annex VI sampling practice, representa-
tive samples and linked records support compliance
checks (MO, 2024). For ammonia, the measurement
and control system can differ from fuel oil routines.
Small measurement differences can scale into large
reporting differences when they are converted into
MRV outcomes. If custody is unclear, allocation be-
comes unclear. Supplier, owner, charterer, and verifier
can all point at each other.

Failure point 3: Onboard reporting and verification
integrity. Even if the physical transfer is correct, the
reporting layer can fail. Data can be incomplete, in-
consistent, or not traceable back to primary records.
Verification can also be too procedural. A weak audit
trail makes it hard to explain deviations and hard to
defend reliance. In regimes that turn reported figures
into direct consequences, this becomes a core risk
(European Union, 2015; European Union, 2023a).
It also affects public confidence. Communities near
pilot projects want proof that the operator can detect,
report, and correct problems.

These failure points show why ocean-observation
inputs matter. Independent data can anchor timing
and location. It can support reconstruction. It can
also reduce “missing facts” disputes. When facts are
Clearer, legal allocation is narrower and settlement is
faster.
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Table 1 Evidence stack, owners, and vulnerabilities.
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What hydrographic /

Layer Typical data Main owner Common vulnerability observing community
can support
MRV/reporting MRV inputs, methods, verification outputs ~ Operator, verifier Inconsistent inputs, weak Reference datasets, clear meta-
’ ’ ’ correction log data, time alignment standards
Delivery docs, meter data, sampling, " Custody gaps, unclear Port data standards, secure
Port/transfer safety logs Supplier, port, operator quantity method timestamps, coastal risk layers
. ) Editability, missing calibration Guidance on audit-ready time/
Shipboard Tank levels, alarms, VDR markers Ship operator trail position anchoring
: . Trusted, time-stamped products;
External AISNTS, satelite, metocean, water Observing institutions, authorities Data silos, hard access, weak consistent formats; rapid access

quality

interoperability

during incidents

4 Legal accountability: why data
integrity changes duties and
outcomes

This Note stays at a high level. The goal is clarity for

non-lawyers. The central point is that modern envi-

ronmental governance is built on monitoring and
verification. Data integrity shapes whether oversight
looks credible and whether enforcement is workable.

At the international level, UNCLOS Part Xl sets a
general duty to protect and preserve the marine en-
vironment (United Nations, 1982). It also addresses
monitoring and assessment of risks and effects. In
practice, that pushes States toward systems that can
observe, assess, and respond using reliable informa-
tion. Due diligence is not only about having rules on
paper. It is also about being able to see what is hap-
pening, to record it, and to act on it.

At the regional level, EU MRV formalises the evi-
dence logic. Operators must monitor, report, and
verify emissions under a defined system (European
Union, 2015). FuelEU Maritime ties fuel use to com-
pliance outcomes that depend on documented re-
cords (European Union, 2023a). As these systems
mature, the legal risk profile changes. Data becomes
economically material. That drives more disputes
about reliance and proof. It also drives contract de-
sign. Parties add stronger warranties, audit rights,
record-keeping duties, and correction protocols be-
cause data errors can trigger real costs.

Insurance and claims are shaped by the same
logic. Claims handling depends on causation and
proof, Evidence quality affects speed and cost. In
alternative fuels, the “facts” often include technical
and data questions, not only physical events. What
was transferred. What was measured. What was
recorded. What was verified. Weak records widen
disputes. Strong records narrow them. This matters
for compensation pathways. It also matters for public
trust.

For hydrographic offices and ocean observing
institutions, the accountability link is practical.
Independent observations can support enforcement
and response. They can also support faimess. If
there is no release, external data can help show that.
If there is a release, external data can help locate and
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model it. In both cases, observation systems are part
of the evidence environment that modern decarboni-
sation rules increasingly assume.

5 Mini caselet: ammonia bunkering
near a sensitive coast

Scenario. A port authorises a pilot ammonia bun-
kering operation for a coastal vessel. The transfer
uses a bunker barge near a sensitive shoreline with
fisheries and protected habitat. Public concem is
high. The port wants a pilot that is safe and also de-
fensible in evidence terms.

What must exist and be verifiable. Build an “au-
dit-ready pack” using the evidence stack. Keep it
time-aligned and tamper-evident.

Plan and thresholds. A documented plan for lo-
cation, timing, exclusion zones, emergency steps,
and clear metocean thresholds for pause or abort.
Record what current, tide, and weather data sources
were used and when. This matters because condi-
tions shape dispersion and response logic.

Transfer record. Meter readings with calibration ev-
idence. A clear method statement for how quantity is
determined. A signed timeline of key steps, including
connection, start, stop, and any alarms or interrup-
tions. For ammonia, include safety checks that show
control of hazardous conditions. The purpose is re-
construction. Investigators must be able to replay the
event.

Shipboard record. Tank levels before and after,
relevant alarms, and logs of operational deviations. If
digital entries are used, keep access controls and a
change log. If records can be edited quietly, they do
not support due diligence.

External anchors. AIS tracks and any port traffic
records for time and position. Coastal observation
data during the operation window, including current
and wind information. If a release is suspected, rapid
water-quality observations and dispersion modelling
become central. Independent data also protects the
operator when there is no release.

What happens when evidence is weak. A com-
munity odor report or sensor alert can escalate fast.
Weak evidence turns response into guesswork. The
port may suspend pilots. Private disputes may follow.
Parties can argue about what was delivered, what
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was measured, and who controlled the record. In an
MRV-driven environment, missing audit trails can tumn
a manageable variance into long exposure (European
Union, 2015; European Union, 2023a).

Short port lens: “port as evidence node” (Singapore
as illustration). A major bunkering hub can act as an
evidence node because it concentrates port records,
traffic monitoring, and data exchange. Singapore is
a useful illustration of this idea. The narrow point is
that ports can set evidence norms. If a port requires
standardised digital bunkering records, secure times-
tamps, clear custody transfer methods, and inter-
faces to reporting systems, it can reduce disputes.
The caution is also clear. If data governance is weak,
the port becomes a bottleneck for trust.

© Five practical takeaways

Set a minimum evidence pack for alternative fuels.
Keep it short and strict. Define required logs, times-
tamps, custody controls, and method statements.
Make it reconstructable.

Use ocean observation as an independent anchor.
Provide time-stamped metocean and coastal data
that supports planning, response, and later recon-
struction. Make access and formats predictable.
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Treat custody transfer as a legal control point.
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This also helps public confidence in ammonia
pilots.
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