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EXECUTIVE SUMMARY

How effectively thermal energy couples into the
furnace transfer environment

Thermal power generation ultimately depends on the transfer of thermal energy from combustion into
the working fluid.

Historically, operational focus has concentrated heavily on:

e combustion stability,

« emissions compliance,
« fuel flow,

» steam conditions,

« and generation output.

These remain essential operational priorities.

However, an emerging operational perspective suggests that thermal performance may also
depend significantly on how effectively released thermal energy couples into the furnace
transfer environment itself.

In pulverized-coal thermal environments, radiative heat transfer plays a major role in:

« furnace heat absorption,

» waterwall transfer,

 steam generation behaviour,
 and overall thermal efficiency.

Importantly, radiative transfer effectiveness is not necessarily static. It may evolve continuously due
to:

« flame behaviour,

* furnace-state conditions,

- thermal absorption balance,
« operational drift,

» and combustion-radiative interaction changes.

This paper explores radiative coupling as an operational thermodynamic
concept, its relationship to thermal performance, and the emerging role of
historian-derived operational intelligence in interpreting thermal-state behaviour.
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THERMAL PERFORMANCE BEYOND COMBUSTION

Combustion creates thermal energy. But combustion alone does not determine thermal efficiency.

Between fuel entering the furnace and electrical output leaving the generator exists a highly dynamic

thermodynamic transfer environment involving:

« flame geometry,

« radiative transfer,

* convective transfer,

* heat absorption,

« furnace-state stability,

 and working-fluid enthalpy rise.

Historically, thermal plants often measure the outcome of this environment, through KPIs such as:

* heat rate,
« fuel flow,
 steam production,
 and output.
However, these KPIs may not directly explain:
* how effectively thermal energy was transferred,
* how thermal-state conditions evolved,

« or why thermal efficiency changed over time.

This creates an operational interpretive gap.

RADIATIVE HEAT TRANSFER IN PULVERIZED-COAL SYSTEMS
In large pulverized-coal thermal environments, radiation contributes significantly to:

« furnace heat absorption,
» waterwall transfer,
* evaporative heat pickup,
« and steam generation behaviour.
Radiative transfer effectiveness may be influenced by:
« flame luminosity,
« flame geometry,

* particle behaviour,
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* gas composition,

« furnace-state conditions,

« thermal absorption balance,

* and combustion-radiative interaction dynamics.
Importantly, two combustion environments may:

* appear operationally stable,

* maintain acceptable emissions,

 and sustain equivalent generation output,

while exhibiting materially different radiative transfer effectiveness.
This may influence:

* heat-transfer efficiency,

« fuel intensity,

 and thermal performance outcomes.

THE CONCEPT OF RADIATIVE COUPLING

Radiative coupling refers to the effectiveness with which released thermal energy couples into
the furnace transfer environment and reaches heat-absorbing surfaces.

Operationally, this may influence:
* heat absorption behaviour,
« steam generation effectiveness,
« thermal-state stability,
« and fuel-to-steam conversion efficiency.

Radiative coupling is not necessarily a directly measured operational variable. Instead, it may emerge
through:

* interacting thermal-state conditions,
» combustion behaviour,
* heat-transfer dynamics,

 and continuously evolving furnace environments.

This creates growing interest in historian-derived interpretation of thermal
transfer behaviour.

OPERATIONAL DRIFT & THERMAL-STATE EVOLUTION
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Thermal environments are not static. Their operating conditions continuously evolve due to
interacting operational variables including:

» excess O, variation,

* air—fuel imbalance,

* burner-condition drift,

* pulverizer variation,

* fuel-quality variability,

« slagging and fouling,

« furnace pressure variation,

e air ingress,

* sootblower influence,

« load-transition instability,

« and thermal absorption imbalance.
These conditions may progressively influence:

« radiative transfer behaviour,

« thermal coupling effectiveness,

* heat-transfer stability,

« and overall thermal performance.

The unit may continue appearing operationally stable while these thermodynamic
transfer conditions evolve over time. This is operational thermal drift.

THE VISIBILITY CHALLENGE

Historically, thermal plants already possess large operational historian environments.

The challenge is increasingly becoming: not data acquisition — but thermodynamic interpretation.
Operational personnel may observe:

e rising heat rate,

e increasing fuel intensity,

« or declining thermal efficiency,
without possessing sufficient visibility into:

* how thermal-state conditions evolved,

* how radiative behaviour changed,

« or which operational conditions correlate with superior transfer effectiveness.
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This creates growing interest in historian-derived operational thermodynamics
intelligence.

HISTORIAN-DERIVED THERMAL-STATE INTERPRETATION

Historian-derived thermal-state interpretation involves reconstructing operational thermodynamic
behaviour from existing plant operational data.

The objective is improving visibility into:

» thermal-state evolution,

« radiative coupling behaviour,

* operational drift development,

* heat-transfer effectiveness,

* and fuel-to-steam conversion stability.
Importantly, this does not require:

* major hardware replacement,

* pressure-part modification,

« or intrusive operational changes.

Instead, it involves improving interpretation of the thermodynamic operating environment already
existing within the plant.

DETERMINISTIC OPERATIONAL INTELLIGENCE

As industrial environments become increasingly data-rich, operational interpretation increasingly
requires:

* traceability,

* engineering contextualization,
« deterministic analysis,

 and operational consistency.

This creates growing interest in historian-derived deterministic thermodynamic interpretation
frameworks.

The objective is not replacing:

* DCS systems,
* APC environments,
» combustion controls,

- or plant operators.
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The objective is improving visibility into the thermal-transfer environment influencing operational
performance itself.

AN EMERGING OPERATIONAL PERSPECTIVE
Historically, operational focus in thermal power generation has concentrated heavily on:
* combustion,
e emissions,
* generation stability,
e and equipment reliability.

An emerging operational perspective suggests that thermal-performance management may
increasingly involve understanding:

* thermal-state behaviour,
« radiative coupling effectiveness,
« and the stability of the thermodynamic transfer environment itself.

This includes improving visibility into how effectively thermal energy is transferred, absorbed, and
sustained throughout the operating environment over time.

CLOSING OBSERVATION
Thermal efficiency is not determined solely by whether combustion occurs successfully.

It is also influenced by how effectively released thermal energy couples into the furnace transfer
environment and reaches the working fluid.

As industrial historian environments become increasingly sophisticated,
improving visibility into radiative coupling behaviour, thermal-state evolution,
and operational drift may become an increasingly important layer of
thermal-performance intelligence.
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