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EXECUTIVE SUMMARY

LNG facilities are a thermodynamic environment,
not only a process plant

Liguefied natural gas facilities are commonly described in process terms — feed gas, treatment,
liquefaction, storage, send-out. From an operational thermodynamics perspective, an LNG train is
more accurately understood as: a tightly coupled chain of heat-transfer, compression and cryogenic
environments whose efficiency is governed by thermal-state behaviour across the full envelope.

The thermodynamic envelope of an LNG facility spans:

- feed-gas treatment and pre-cooling,

* refrigerant compression trains,

* main cryogenic heat exchangers (MCHE / spool-wound / brazed-aluminium),
 end-flash and nitrogen-rejection systems,

* boil-off-gas handling and re-liquefaction,

 and send-out vaporisation environments.

Across this envelope, relatively small thermodynamic deviations may translate into materially
significant outcomes in: specific energy consumption per tonne of LNG, refrigerant compressor
power, boil-off rate, and effective train capacity.

LNG performance is, at its core, a thermal-state interpretation problem.

WHY LNG IS A THERMAL-STATE PROBLEM

LNG facilities operate close to fundamental thermodynamic limits. The driving variables are not
primarily mechanical — they are thermodynamic:

* approach temperatures across cryogenic exchangers,

« compositional shifts in mixed-refrigerant systems,

e compressor polytropic and isentropic efficiency under varying inlet conditions,
« ambient and seawater-coupled cooling effectiveness,

 and parasitic energy losses across the integrated cold box.

Small drifts in any of these variables propagate through the train. A few-degree drift in MCHE
approach, sustained over operating periods, may translate into measurable changes in refrigerant
compressor power, LNG production rate, and specific energy intensity per tonne produced.

THE OPERATIONAL DRIFT PROBLEM IN LNG
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LNG trains rarely fail thermodynamically through discrete events. More commonly, performance drift
develops progressively across:

« exchanger fouling and maldistribution,
« refrigerant composition drift,

» compressor internal degradation,

« ambient-condition coupling,

* and progressive control-loop detuning.

The asset typically continues to operate within acceptable ranges. Production is met.
Specifications are achieved. Yet specific energy consumption, train capacity headroom and
refrigeration effectiveness may all be drifting beneath stable operation.

MIXED-REFRIGERANT AND COMPOSITION INTERPRETATION

Mixed-refrigerant processes (C3MR, DMR, MFC, AP-X and equivalent) depend on a deliberately
tuned refrigerant composition. The thermodynamic performance of the train is highly sensitive to:

» molar composition of the refrigerant blend,

* make-up stream quality,

« loss patterns through vents, seals, and flares,

 and operator-driven adjustments at the make-up station.

Historian-derived reconstruction of refrigerant-composition trajectories, MCHE temperature
differences, and compressor operating envelopes allows the thermodynamic state of the train to be
interpreted as a coherent system — not as isolated tag streams.

COMPRESSION-TRAIN THERMAL-STATE INTERPRETATION

Refrigerant compression accounts for the dominant share of LNG facility energy use. Compressor
performance is conventionally tracked through head, flow, and power. A thermodynamic
interpretation layer additionally evaluates:

* polytropic efficiency under varying inlet conditions,

- drift between current and historically demonstrated best operating points,
« ambient-coupled performance envelopes,

* anti-surge margin behaviour under load swings,

 and recoverable margin across the operating envelope.

The objective is not to second-guess the manufacturer curve. The objective is to interpret how the
asset is actually behaving thermodynamically against its own demonstrated best.

BOIL-OFF, END-FLASH AND CRYOGENIC LOSS PATHWAYS
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Boil-off gas, end-flash and tank pressure-control behaviour are direct indicators of cryogenic
thermal-state integrity. Interpreted historically, these signals reveal:

« insulation effectiveness over time,

* loading and unloading thermodynamic losses,
e tank pressure-control efficiency,

« and re-liquefaction loop performance.

Each pathway represents a quantifiable thermodynamic loss that can be reconstructed from historian
data and compared against the facility's own demonstrated best behaviour.

BEST DEMONSTRATED PERFORMANCE IN LNG

Within the operating history of any LNG facility there are periods, ambient envelopes, refrigerant
compositions and load patterns that produced superior thermodynamic outcomes — lower specific
energy, higher train capacity, tighter approach temperatures, lower boil-off.

Historian-derived interpretation surfaces:
» which operating conditions historically produced superior thermal performance,
* how current operation compares against demonstrated best,

« and how much thermodynamic margin is recoverable without capital intervention.

The reference is the facility's own demonstrated best — not a generic benchmark,
not a vendor curve.

READ-ONLY, NON-INTRUSIVE, INTEGRATION-SAFE

LNG facilities operate under stringent safety and integrity regimes. The interpretive framework is
designed to be:

« read-only against the operational historian,
* non-intrusive to control systems and safety instrumented systems,
« deterministic and engineering-reviewable in interpretation,

« and operationally contextualized to the asset's own envelope.

CLOSING OBSERVATION

As global LNG demand profile shifts and energy-transition pressures rise, the operational economics
of LNG facilities are increasingly defined by thermodynamic efficiency rather than nameplate
capacity.
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The next phase of LNG operational maturity is the systematic interpretation of
thermal-state behaviour across the full liquefaction, compression and cryogenic
envelope.
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