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Abstract 

Aims: Quantum-Resonant Energy Coupling–Molecular 

Resonance Technology (QREC-MRT) is a remotely 

implemented, non-contact technology platform intended for 

application across selected material, energy and biological 

systems. This study develops a quantitative, physics-

informed and falsifiable framework for evaluating QREC-

MRT and uses coal as a worked empirical case study. The 

physical coupling pathway is treated separately from target 

identification and remains under investigation. 

Methodology: Two coal specimens identified as before and 

after QREC-MRT intervention were independently analysed 

by SGS India Private Limited. Gross calorific value (GCV) 

was measured using ASTM D5865/D5865M-19 and analysis-

sample moisture using ASTM D3173/D3173M-17a. Absolute 

and relative between-specimen differences were calculated. A 

broader validation model was formulated using prespecified 

endpoints, normalised responses, active-control and active-

sham contrasts, replication requirements and progressively 

stronger evidentiary levels. 

Results: Air-dry GCV increased from 4,057 to 5,160 kcal/kg, 

corresponding to 

+27.20%, while dry-basis GCV increased from 4,122 to 5,206 kcal/kg, corresponding to 

+26.30%. Analysis-sample moisture decreased from 1.57% to 0.88% w/w, corresponding to 

−43.95%. Moisture normalisation reduced the relative GCV difference by only 0.90 

percentage points, indicating that the measured moisture difference alone cannot 

mathematically account for the observed calorific-value difference. 

Conclusion: The coal measurements provide quantitative observational endpoints consistent 

in direction with the QREC-MRT coal hypothesis, but the available single paired dataset does 

not establish treatment-specific causation because untreated and sham controls, 

randomisation, blinding, independent replicates, paired compositional analyses and complete 

pre-laboratory chain-of-custody documentation were unavailable. The proposed framework 

therefore separates analytical observation, reproducibility, controlled treatment association 

and physical mechanism. Coal serves as the present empirical case study, while the same 

validation architecture can be adapted to other QREC-MRT domains using appropriate 

endpoints, controls and independent measurements. 
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1. Introduction 

Quantum-Resonant Energy Coupling–Molecular Resonance Technology (QREC-MRT) is 

proposed as a remote, non-contact technology platform intended to produce measurable 

changes in selected material, energy and biological systems without direct chemical addition, 

physical mixing or permanent modification of target infrastructure. Proposed application 

areas include solid, liquid and gaseous fuels, photovoltaic systems, agriculture and 

biological-response systems. The present manuscript does not attempt to establish equivalent 

evidentiary maturity across all of these domains; instead, it develops a common quantitative 

validation framework and uses coal as the worked empirical case study. 

Operationally, the intended target may be identified remotely using photographs, latitude-

longitude coordinates and associated target metadata, allowing the intervention to be 

implemented without QREC-MRT equipment or personnel being physically present at the 

target location. These identifiers specify the intended target within the operational protocol 

and are not presented as the physical coupling or energy-transmission mechanism. 

QREC-MRT is treated in this paper as an experimentally testable intervention rather than 

solely as a theoretical construct. The purpose of the present study is to place its reported 

operational characteristics within a quantitative and falsifiable scientific framework in which 

measurable outcomes can be independently tested, reproduced and, where reproducibility is 

established, progressively related to an underlying physical mechanism. 

Resonance-energy transfer depends on spectral compatibility, molecular separation, 

orientation and coupling strength [1,2]. Short-range exchange transfer imposes additional 

spatial and orbital-overlap constraints [3]. Open-system studies demonstrate that 

environmental interactions can influence transport efficiency in complex molecular systems 

[4,5]. Related theoretical work has examined these effects under physiologically relevant 

conditions [6]. 

Quantum effects have also been investigated in biological energy-transfer systems. Coherent 

behaviour has been reported in photosynthetic complexes [7,8], while broader work in 

quantum biology has examined coherence, tunnelling, spin dynamics and related phenomena 

[9,10]. Subsequent work has questioned whether long-lived electronic coherence is required 

for efficient photosynthetic energy transfer [11,12]. Broader analyses have emphasised the 

importance of distinguishing electronic coherence from vibrational, vibronic and 

illumination-dependent effects [13,14]. Engineered photosynthetic systems nevertheless 

demonstrate that energy and electron-transfer pathways can be modified under appropriately 

controlled physical conditions [15,16]. Advances in quantum metrology and sensing 

similarly 
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illustrate the experimental precision required when a specifically quantum mechanism is 

proposed [17,18]. 

These established phenomena provide scientific context for QREC-MRT but do not 

themselves establish its proposed remote macroscopic coupling pathway. Any such physical 

interaction must ultimately be characterised through measurable source, exposure, target-

response and uncertainty variables. Electromagnetic-exposure science demonstrates the 

importance of field characterisation, dosimetry and environmental control [19,20]. 

Systematic reviews of radiofrequency exposure demonstrate substantial variation in 

experimental systems and exposure conditions [21,22]. Dosimetry and physical exposure 

configuration can materially affect interpretation [23,24]. Human experimental and 

reproductive studies further illustrate the importance of endpoint-specific study design 

[25,26]. Epidemiological and symptom-based assessments similarly require careful 

separation of exposure, outcome and confounding variables [27,28]. More recent evaluations 

reinforce the importance of reproducibility and clearly defined outcome measures [29,30]. 

The present study therefore separates four progressively stronger levels of evidence: 

analytical observation, reproducibility, controlled treatment association and physical 

mechanism. A measurable difference between defined observations can be evaluated directly. 

Reproducibility requires the same directional response across independently prepared 

experimental units. Controlled treatment association requires active intervention to remain 

distinguishable from appropriate sham and untreated comparison conditions. Mechanistic 

attribution requires additional measurements capable of distinguishing among competing 

physical explanations. 

The principal empirical case study examined here consists of independent analysis of coal 

specimens identified as before and after QREC-MRT intervention. Gross calorific value 

increased from 4,057 to 5,160 kcal/kg on an air-dry basis, corresponding to +27.20%. On a 

dry basis, GCV increased from 4,122 to 5,206 kcal/kg, corresponding to +26.30%. Moisture 

in the analysis sample decreased from 1.57% to 0.88% w/w, corresponding to a relative 

reduction of 43.95%. The persistence of almost the entire GCV difference after conversion to 

a dry basis indicates that the measured difference in analysis-sample moisture alone cannot 

mathematically account for the magnitude of the observed calorific-value difference between 

the two specimens. 

The available coal dataset does not, however, contain the experimental controls required to 

assign these differences causally to QREC-MRT. It therefore serves in this paper as a 

quantitative observational case study and as a source of numerical endpoints for prospective 

controlled validation. 

This paper has four objectives: to define QREC-MRT as a quantitatively testable and 

falsifiable intervention; to develop a structured framework for evaluating analytical response, 

reproducibility and treatment association; to examine the available coal measurements within 

their evidentiary limits; and to provide a validation architecture 
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that can be adapted to other QREC-MRT application domains when appropriately controlled 

and independently documented datasets become available. 

2. Scientific Basis and Operational Framework 

2.1 Scientific Basis 

A scientifically testable remote intervention requires a reproducible relationship between a 

defined intervention and a defined target. Established non-contact interactions include 

electromagnetic, acoustic, optical and thermal processes, which can be characterised through 

measurable quantities such as frequency, amplitude, power, exposure duration and 

attenuation with distance. International electromagnetic-exposure frameworks illustrate the 

importance of defining source characteristics and target exposure quantitatively [19]. 

Actual exposure can differ substantially from nominal source conditions because distance, 

orientation, reflections, shielding and surrounding structures may influence the interaction 

reaching a target [20]. Experimental evaluation of QREC-MRT should therefore document 

target identity, intervention timing, treatment duration, relevant environmental conditions 

and the analytical method used to determine the prespecified outcome. 

Research on physical-exposure effects has shown that variation in dosimetry, experimental 

design and endpoint selection can materially influence interpretation [21,22]. Reviews of 

biological exposure studies similarly emphasise methodological quality, reproducibility and 

appropriate controls [23,24]. 

Target specificity is particularly relevant to QREC-MRT because the intervention is assigned 

to a selected sample, asset or location. Correctly targeted experimental units should therefore 

be distinguishable from appropriate comparison units under controlled and, where feasible, 

blinded analytical assessment. Sham and untreated controls can help distinguish a treatment-

associated response from procedural, handling or other non-specific differences [25,26]. 

Within the quantitative framework adopted in this paper, observation of a measurable 

difference constitutes the first evidentiary level. Progression to a treatment-associated 

interpretation requires reproducibility across independent experimental units and comparison 

with appropriate control conditions. Identification of a physical mechanism requires an 

additional level of mechanism-specific evidence. 

2.2 Operational Definition 

QREC-MRT is operationally defined as a remote, non-contact intervention intended to 

produce measurable changes in a selected target without direct chemical addition, physical 

mixing or permanent installation of QREC-MRT hardware at the target. 

For experimental purposes, the intervention comprises five principal steps: 

1. target identification and characterisation; 
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2. selection of a target-specific treatment programme; 

3. activation for a defined duration; 

4. remote association of the programme with the intended target; and 

5. measurement of prespecified target properties before and after intervention. 

The target may comprise a material sample, fuel stock, operating asset, photovoltaic system, 

agricultural plot or biological system. Inclusion of these target classes defines the intended 

multidomain scope of the QREC-MRT platform; it does not imply that equivalent 

experimental evidence is available for every domain in the present paper. 

Photographs, geographic coordinates, sample identifiers and associated metadata may be 

used to identify and distinguish the intended target. These inputs constitute an operational 

addressing layer. They specify which target is assigned to a particular QREC-MRT 

programme and are not presented as the physical energy-transfer or coupling mechanism. 

The physical coupling question is separate: it concerns how the remotely initiated QREC-

MRT programme may interact with the identified target. The present study does not claim 

that a photograph, geographic coordinate or digital record itself transfers energy to the 

target. The coupling pathway remains under experimental investigation and requires 

mechanism-specific physical evidence. 

The operational sequence is therefore: 

Target identification → Treatment-programme selection → Remote intervention → 

Hypothesised coupling → Target response → Independent measurement → Quantitative 

comparison 
 

 

Figure 1. Operational and hypothesised components of QREC-MRT. The framework 

separates directly documentable operational stages from the hypothesised coupling stage. 

Target identity may be established through sample codes, photographs, geographic 

coordinates, equipment identity or other traceable records. Treatment programmes 
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should likewise be assigned fixed identifiers, versions and treatment durations so that 

repeated applications can be compared consistently. 

For experimental reproducibility, each programme should therefore be represented by a 

unique version-controlled identifier linked to its intended target class, activation time and 

treatment duration. Proprietary programme-generation details may remain confidential 

provided that an independent experiment can verify that the same defined programme 

version was applied consistently across replicated trials. 

2.3 Candidate Physical Mechanisms 

QREC-MRT is hypothesised to involve a target-specific physical interaction in which the 

response depends on characteristics of the intended target and the programme assigned to it. 

The working model draws on established concepts including molecular resonance, spectral 

compatibility, vibrational excitation, open-system energy transfer and energy-landscape 

dynamics. These concepts provide physically testable analogues for investigating QREC-

MRT; they are not presented as proof that the remote coupling pathway has already been 

established. 

In the operational description of QREC-MRT, the term “information coupling” refers to the 

defined association between a treatment programme and an identified target. It does not 

imply that information itself constitutes an independently established physical field or 

energy-transfer mechanism. 

Three broad mechanistic possibilities may presently be considered: 

1. Conventional physical-field mediation: the intervention is associated with a 

measurable electromagnetic, acoustic, optical, thermal or related physical interaction. 

2. Indirect technological mediation: an observed response arises through a sensing, 

communication or control pathway rather than through direct interaction with the 

target material. 

3. Alternative physical coupling: a reproducible target-associated response remains 

after experimentally testable conventional pathways have been examined and 

requires a different physical description. 

These alternatives lead to distinguishable experimental predictions involving distance, 

shielding, target specificity, environmental conditions and measurable source 

characteristics. 

If resonance contributes to a QREC-MRT response, one or more definable target or 

programme variables should influence that response. Established resonance-transfer systems 

depend on energetic compatibility, coupling strength and geometry [1,2]. Short-range 

exchange processes impose additional spatial constraints [3], while interaction with the 

surrounding environment can modify energy-transfer dynamics in complex molecular 

systems [4,5]. 
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A specifically quantum interpretation represents a higher-order mechanistic hypothesis. 

Quantum-biological studies demonstrate that coherent and other non-classical processes can 

occur in defined microscopic systems [7,8], while subsequent work emphasises the need to 

distinguish electronic coherence from vibrational and alternative explanations [11,12]. A 

macroscopic QREC-MRT response should therefore not be assigned to a specifically 

quantum mechanism without direct mechanism-specific evidence. 

Figure 2 summarises the physics-informed QREC-MRT framework. It separates operational 

stages that can be documented directly from the coupling stage that remains under 

investigation. Target identification and treatment-programme selection precede the remote, 

non-contact intervention. Any resulting response is subsequently assessed through 

independent measurement and quantitative comparison. The same framework allows an 

observed response to progress through replication, controlled testing and, where justified, 

mechanistic characterisation. 
 

 

Figure 2. Physics-informed conceptual framework of QREC-MRT. The sequence extends 

from target identification and programme selection through remote non-contact 

intervention, hypothesised coupling, target response, independent measurement and 

quantitative interpretation. The mechanistic layer represents candidate processes that 

require direct experimental characterisation. 
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Within this framework, resonance refers to preferential coupling between an excitation and 

compatible molecular or collective energy modes. Molecular reconfiguration refers to a 

persistent alteration in material organisation that would need to be demonstrated 

independently through spectroscopic, structural, thermal or compositional measurements. 

2.3.1 Physics-Informed Working Hypothesis for QREC-MRT 

A working physical hypothesis for QREC-MRT is that a target-specific programme may 

interact preferentially with molecular or material degrees of freedom whose characteristic 

energy scales are compatible with the effective coupling conditions. In conventional 

resonance physics, selective energy transfer occurs when the spectral characteristics of an 

excitation overlap with permitted molecular, vibrational or electronic transitions. The 

corresponding energy scale may be expressed in its simplest quantum form as: 

E = hν 

where E is transition energy, h is Planck’s constant and ν is frequency. Resonance 

efficiency would be expected to depend not only on nominal frequency but also on spectral 

bandwidth, coupling strength, molecular environment, orientation and energy-dissipation 

pathways [1,2]. 

For heterogeneous materials such as coal, the target cannot be represented as a single 

molecular species. Coal contains an irregular carbonaceous network comprising aromatic 

and aliphatic structures, heteroatom-containing functional groups, mineral matter and 

physically or chemically associated water. A QREC-MRT programme may therefore be 

considered, as a working hypothesis, in relation to a distributed spectral fingerprint rather 

than a single discrete resonance frequency. 

In such a model, O–H, C–H, C–O and other vibrational modes, together with collective 

structural modes of the carbon matrix, constitute candidate response channels. Environmental 

coupling, dephasing and redistribution of excitation energy could influence whether an 

initially excited state dissipates or is associated with a persistent material response [4,5]. 

A complementary description can be formulated using an energy-landscape model. Molecular 

and structural configurations occupy local energetic minima separated by activation barriers. 

Resonant excitation could, in principle, modify the probability with which selected molecular 

degrees of freedom access alternative configurations. 

Under conventional molecular-kinetic descriptions, transitions depend on the relevant 

activation barrier and the available thermal or other excitation energy. 

At microscopic scales, barrier crossing may also include quantum-mechanical contributions 

such as tunnelling when particle mass, barrier height and barrier width permit a non-

negligible transmission probability. Such processes are established in molecular physics but 

are included here only as candidate explanatory mechanisms. 
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Their existence in other systems does not establish that tunnelling occurs during QREC-

MRT intervention. 

For coal, one hypothesis suitable for direct testing is that an energetic response may be 

accompanied by changes in molecular organisation, water binding, volatile-associated 

functional groups or carbon ordering. A QREC-MRT working model includes the possibility 

of vibrationally mediated desorption of associated water and changes in the organisation of 

carbonaceous structures. If such changes occur, they should generate independent 

experimental signatures rather than being inferred solely from calorific-value measurements. 

FTIR spectroscopy could examine changes in functional-group vibrations. Raman 

spectroscopy could assess carbon ordering and characteristics of disordered and graphitic 

domains. X-ray diffraction could examine structural organisation, while thermogravimetric 

analysis could identify changes in thermal-decomposition behaviour. 

Any field-mediated interpretation must also satisfy electromagnetic boundary conditions and 

energy conservation. Maxwell’s equations provide the classical framework relating electric 

and magnetic fields to charge, current and time-varying field behaviour. A field-mediated 

QREC-MRT model would therefore require measurable quantities associated with source 

characteristics, propagation, coupling strength and absorbed energy. 

If no conventional field of sufficient magnitude can be detected at the target, an observed 

reproducible response could not simply be attributed to conventional electromagnetic 

propagation. Alternative physical explanations would then require their own measurable 

variables and experimentally distinguishable predictions. 

If resonance contributes to the QREC-MRT response, the effect should be testable against 

variables such as target identity, programme identity, treatment duration, distance, shielding 

and other coupling conditions. Where a material transformation is proposed, corresponding 

spectroscopic or structural changes should also be measurable. 

Failure to reproduce these relationships would weigh against a resonance-based 

interpretation. Conversely, reproducible agreement among calorimetry, moisture analysis and 

independent material-characterisation methods would provide stronger evidence for a physical 

pathway associated with the measured macroscopic response. 

 

 

2.4 Testable Predictions and Falsifiability 

If a reproducible QREC-MRT response exists, it should generate experimentally testable 

characteristics. Depending on the application and endpoint, these may include: 
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• target specificity; 

• programme specificity; 

• treatment-duration dependence; 

• latency; 

• persistence; 

• reversibility; 

• source-to-target distance dependence; and 

• sensitivity to environmental or shielding conditions. 

Target specificity can be tested by comparing correctly identified targets with otherwise 

comparable untargeted or deliberately mismatched targets. A target-associated response 

would be supported if the prespecified outcome is reproduced preferentially in correctly 

targeted experimental units while appropriate comparison units do not show the same 

pattern. 

Programme specificity can be examined by assigning defined, version-controlled QREC-

MRT programmes to experimentally comparable targets. If the proposed interaction 

depends on programme-target compatibility, programme identity should contribute 

predictively to the measured response rather than functioning merely as an administrative 

label. 

Treatment-duration experiments can determine whether the response exhibits threshold, 

progressive, saturation or delayed behaviour. Likewise, distance and shielding experiments 

can help distinguish among conventional field-mediated, environmentally dependent and 

alternative coupling models. 

The QREC-MRT framework must remain falsifiable. Confidence in a treatment-associated 

response would decrease if active and comparison samples repeatedly behave similarly, if 

target or programme identity does not predict the prespecified response, or if an initially 

observed difference cannot be reproduced independently. 

Experimental hypotheses, primary endpoints and analysis procedures should therefore be 

specified before examination of the final results so that interpretation is not determined 

retrospectively by the observed data [27]. Appropriate control conditions and transparent 

reporting are also required to reduce bias and post hoc reinterpretation [28,29]. 

The present paper distinguishes three principal inferential questions. First, was a measurable 

analytical difference observed? Second, is that response reproducibly associated with active 

QREC-MRT when compared with appropriate sham and untreated conditions? Third, what 

physical mechanism accounts for any reproduced treatment-associated response? 

Mechanistic attribution requires measurements 
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capable of distinguishing among competing physical explanations rather than inference from 

the macroscopic endpoint alone [30]. 

This distinction is particularly important for a multidomain platform. Different applications 

may employ different physical, chemical, energetic or biological endpoints, but the 

underlying validation logic remains the same: observation should precede replication, 

replication should precede treatment-specific inference, and treatment-specific inference 

should precede mechanism-specific conclusions. 

 

 

3. Quantitative Model, Research Hypotheses and Validation Criteria 

3.1 Primary Research Hypothesis 

The primary quantitative question is whether QREC-MRT produces a measurable and 

reproducible change in a prespecified target property beyond the variation expected from 

sampling, measurement, and appropriate comparison conditions. 

The general hypotheses are: 

• Null hypothesis (𝐻0): QREC-MRT produces no treatment-associated change beyond 

expected experimental, sampling, and analytical variation. 

• Alternative hypothesis (𝐻1): QREC-MRT produces a prespecified treatment-

associated change that exceeds expected experimental, sampling, and analytical 

variation. 

For experimental unit 𝑖, the absolute within-unit response is defined as: 

Δ𝑌𝑖 = 𝑌𝑖,post − 𝑌𝑖,pre 

where: 

• 𝑌𝑖,pre = prespecified endpoint before intervention; 

• 𝑌𝑖,post = corresponding endpoint after intervention. 

A normalised percentage response may additionally be calculated as: 

𝑌𝑖,post − 𝑌𝑖,pre 

𝑅𝑖 = ( 
𝑌 

) × 100 
𝑖,pre 

where 𝑅𝑖 expresses the observed response relative to the baseline value. 

Where treated and comparison groups are available, the treatment-associated effect may be 

expressed as: 

𝜏 = Δ𝑌𝑇 − Δ𝑌𝐶 

where: 

• Δ𝑌𝑇 = mean change in the active-treatment condition; 
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• Δ𝑌𝐶 = mean change in the comparison condition. For 

paired baseline and post-intervention measurements: 

𝜏 = (𝑌𝑇,post − 𝑌𝑇,pre) − (𝑌𝐶,post − 𝑌𝐶,pre) 
 

For 𝑛𝑇 treated units and 𝑛𝐶 comparison units, the estimated mean treatment contrast can be 

written as: 
 

𝜏ˆ = Δ𝑌𝑇 − Δ𝑌𝐶 

Where a three-arm design includes active treatment 𝑇, sham condition 𝑆, and untreated 

control 𝐶, two contrasts are particularly important: 
 

𝜏𝑇𝑆 = Δ𝑌𝑇 − Δ𝑌𝑆 

and 
 

𝜏𝑇𝐶 = Δ𝑌𝑇 − Δ𝑌𝐶 

A treatment-specific interpretation requires the active condition to remain distinguishable 

from both comparison conditions within a prespecified uncertainty framework. A difference 

between active treatment and untreated control alone would not exclude procedural, 

handling, or expectancy-related influences if the sham condition produced a similar response. 

A dimensionless treatment contrast may also be represented using normalised responses: 
 

𝑅𝜏,𝐶 = 𝑅𝑇 − 𝑅𝐶 

and, where a sham group is included: 
 

𝑅𝜏,𝑆 = 𝑅𝑇 − 𝑅𝑆 

These normalised quantities allow responses to be expressed relative to their own baselines. 

They should not, however, be used to combine physically different variables into a single 

effect measure unless an explicitly justified multivariate model has been prespecified. 

The direction of the favourable response depends on the endpoint. A reduction is favourable 

for variables such as moisture or certain damage-related measures, whereas an increase may 

be favourable for endpoints such as calorific value, photovoltaic output, or agricultural yield. 

Primary hypotheses and endpoints should be specified prospectively to reduce selective 

interpretation after results become available [31]. Where a sham condition is employed, it 

should reproduce the non-specific procedural elements of the intervention while excluding 

the proposed active component [32]. 
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3.2 Evidentiary Decision Framework 

The quantitative interpretation of QREC-MRT can be represented as a sequence of 

progressively stronger evidentiary states rather than as a single binary conclusion. 

Let: 

• 𝐸1 = evidence of an analytical response; 

• 𝐸2 = evidence of reproducibility; 

• 𝐸3 = evidence of a controlled treatment association; 

• 𝐸4 = evidence supporting a physical mechanism. The 

progression may be represented as: 

𝐸4 ⟹ 𝐸3 ⟹ 𝐸2 ⟹ 𝐸1 

The reverse implications do not necessarily follow: 

𝐸1 ⇏ 𝐸2 

𝐸2 ⇏ 𝐸3 

𝐸3 ⇏ 𝐸4 

An analytical difference can therefore exist without establishing reproducibility. 

Reproducibility can exist without establishing that the active intervention differs from sham or 

untreated comparison conditions. Likewise, a controlled treatment association does not by 

itself identify the underlying physical mechanism. 

For the present coal case study, the available evidence lies primarily at the 𝐸1 level because 

a measurable before-and-after analytical difference is available, whereas the experimental 

controls required to evaluate 𝐸2 and 𝐸3 prospectively are absent. 

This hierarchy provides a common quantitative structure for evaluating QREC-MRT across 

different application domains. The physical endpoint may change from one domain to 

another, but the evidentiary progression remains applicable. 

3.3 Experimental Quality and Statistical Interpretation 

Confirmatory experiments should use prespecified outcomes, documented allocation 

procedures and transparent reporting of protocol deviations. Established reporting 

frameworks provide guidance for reducing bias and improving reproducibility in controlled 

studies [33,34]. 

Interpretation should not depend solely on whether a conventional statistical-significance 

threshold is crossed. Effect magnitude, uncertainty and scientific relevance should be 

considered together [35]. Statistical evidence should therefore be reported without treating 

an arbitrary probability threshold as the sole criterion for scientific validity [36]. 
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Where the objective is to determine whether a difference is smaller than a predefined 

practically meaningful threshold, equivalence testing may be appropriate [37]. 

Sample size should likewise be determined prospectively from expected variability, 

required precision and the minimum effect considered scientifically or operationally 

relevant [38]. 

Measurement interpretation should distinguish accuracy, trueness, precision, repeatability 

and reproducibility according to recognised measurement-science terminology [39]. 

Laboratory competence and analytical traceability should, where applicable, be supported 

through ISO/IEC 17025 accreditation or an equivalent quality framework [40]. 

3.4 Solid-Fuel Validation 

Coal is a heterogeneous material, and representative sampling is therefore essential when 

comparing analytical properties among experimental portions. Bulk sampling procedures 

should minimise systematic differences among portions submitted for analysis [41]. 

Preparation of laboratory samples should likewise preserve representativeness during 

crushing, division and reduction [42]. 

Mechanical sampling provides one approach to obtaining representative increments from 

moving coal streams [43]. Where stationary coal must be sampled directly, appropriate 

manual sampling procedures should be used [44]. 

For QREC-MRT coal studies, the principal analytical endpoints should include gross 

calorific value and analysis-sample moisture. Moisture should be measured using the 

method identified on the laboratory certificate, including ASTM D3173/D3173M where 

applicable [45]. 

Ash should be measured concurrently because mineral matter can materially influence 

calorific-value interpretation [46]. A complete proximate analysis can additionally provide 

moisture, ash and volatile-matter data and permit determination of fixed carbon by difference 

under the applicable method [47]. 

Gross calorific value should be measured directly by bomb calorimetry using an appropriate 

standard method such as ASTM D5865/D5865M [48]. Where results are converted between 

analytical reporting bases, the conversion should use recognised procedures and only the 

variables actually available for the sample [49]. 

ISO 1928 provides an additional internationally recognised framework for determination of 

gross calorific value in solid mineral fuels [50]. 

These requirements are particularly important for QREC-MRT because the treatment 

hypothesis concerns changes that may be comparable in magnitude with natural between-

sample variation if sampling and compositional equivalence are not adequately controlled. A 

confirmatory experiment should therefore treat representative sampling, sample preparation, 

analytical methodology and chain of 
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custody as integral parts of the treatment-effect model rather than as ancillary procedural 

details. 

3.5 Primary Coal Endpoints 

For the coal case study, the principal hypotheses may be expressed separately for analysis-

sample moisture and gross calorific value. 

Moisture hypothesis 

• 𝐻0,𝑀: QREC-MRT does not produce a reduction in analysis-sample moisture 

beyond the corresponding change observed under the relevant comparison 

condition. 

• 𝐻1,𝑀: QREC-MRT produces a greater reduction in analysis-sample moisture than 

the corresponding comparison condition. 

For a treatment-control design: 
 

𝜏𝑀 = Δ𝑀𝑇 − Δ𝑀𝐶 

A favourable treatment-associated moisture response requires: 

𝜏𝑀 < 0 

where a more negative value represents a greater reduction in moisture in the active-

treatment condition relative to control. 

Where a sham group is available: 
 

𝜏𝑀,𝑇𝑆 = Δ𝑀𝑇 − Δ𝑀𝑆 

A treatment-specific interpretation would require the active-treatment response to remain 

distinguishable from both sham and untreated conditions. 

Gross calorific-value hypothesis 

• 𝐻0,GCV: QREC-MRT does not produce an increase in GCV beyond the 

corresponding change observed under the relevant comparison condition. 

• 𝐻1,GCV: QREC-MRT produces a greater increase in GCV than the 

corresponding comparison condition. 

For a treatment-control design: 
 

𝜏GCV = ΔGCV𝑇 − ΔGCV𝐶 

A favourable treatment-associated calorific-value response requires: 

𝜏GCV > 0 

Where a sham group is available: 
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𝜏GCV,𝑇𝑆 = ΔGCV𝑇 − ΔGCV𝑆 
 

For the present coal dataset, the available analysis is a paired before-and-after comparison 

rather than a treatment-control difference-in-differences analysis. Absolute and relative 

changes are therefore reported directly from the laboratory measurements, and no treatment-

specific causal contrast can be estimated from the present pair alone. 

3.6 Multidomain Extension of the Quantitative Framework 

QREC-MRT is intended as a multidomain technology platform. The quantitative 

framework developed above is therefore not limited to coal, although each application 

domain requires its own scientifically appropriate endpoint, analytical method, comparison 

condition, and uncertainty model. 

The general response formulation remains: 

Δ𝑌𝑖 = 𝑌𝑖,post − 𝑌𝑖,pre 

 

with the corresponding normalised response: 

𝑌𝑖,post − 𝑌𝑖,pre 

𝑅𝑖 = ( 

 

and, where controls are available: 

𝑌𝑖,pre 

) × 100 

 
  

𝜏ˆ = Δ𝑌𝑇 − Δ𝑌𝐶 

The variable 𝑌 is domain-specific: 

• Solid fuels: 𝑌 may represent GCV, moisture, ash, or another prespecified fuel 

characteristic. 

• Liquid fuels: Appropriate endpoints may include directly measured heat of 

combustion, composition, density, viscosity, or other relevant fuel properties. 

• Gaseous fuels: Endpoints may derive from measured gas composition and 

independently calculated calorific properties. 

• Photovoltaic systems: 𝑌 should represent a performance measure corrected for 

relevant environmental variables such as irradiance, module temperature, and system 

availability. 

• Agricultural applications: The endpoint should be defined prospectively and may 

comprise a physiological, growth, productivity, or resource-use variable. 

• Biological-response studies: Physical exposure variables and biological 

endpoints should be treated separately so that a measured biological response 

is not automatically interpreted as evidence of a change in the physical 

exposure itself. 
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The quantitative structure is therefore transferable, but the scientific meaning of 𝑌, the 

relevant comparison condition, and the minimum practically meaningful effect must be 

defined independently for each domain. 

The present manuscript does not use these other domains as evidence for the coal findings. 

Their inclusion here establishes the generality of the validation architecture rather than 

equivalence of the available empirical evidence across applications. 

3.7 Application of the Evidentiary Framework Across Domains 

The evidentiary hierarchy defined in Section 3.2 is applicable across QREC-MRT domains 

irrespective of the physical endpoint selected. The domain-specific variable 

, comparison condition, analytical method and uncertainty structure may differ, but 

progression from analytical observation to reproducibility, controlled treatment association 

and mechanism remains unchanged. The present coal case study is treated primarily as 

Level 1 evidence, while the confirmatory design described later is intended to test 

progression toward Levels 2 and 3. 

4. Materials and Methods 

4.1 Study Design 

This study combines a quantitative and physics-informed evaluation framework for 

QREC-MRT with retrospective analysis of independent laboratory measurements from a 

coal application. 

The empirical component is based on paired SGS India Private Limited analytical reports 

corresponding to coal specimens identified as before and after QREC-MRT intervention. 

The analysis was restricted to parameters directly reported in the laboratory certificates. No 

numerical values were inferred for variables that were not measured. 

The present empirical component should be distinguished from a prospective controlled 

efficacy experiment. The laboratory measurements provide analytical values for the two 

submitted specimens. In this paper, those values are used to quantify the observed between-

specimen differences and to define numerical endpoints for subsequent controlled replication. 

The coal case study therefore serves two purposes: first, to demonstrate application of the 

quantitative response calculations developed in Section 3; and second, to define the 

experimental limitations that must be addressed before treatment-specific inference can be 

made. 

4.2 Coal Analytical Dataset 

The before-intervention coal specimen was identified by SGS as “COAL BEFORE ENERGY 

BROADCAST” under Sample/Report No. CG25-002994.002. 
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The corresponding after-intervention specimen was identified as “COAL AFTER ENERGY 

BROADCAST” under Sample/Report No. CG25-002994.005. 

Both specimens were registered by SGS on 6 February 2025, and both reports were issued on 

25 February 2025. The product group was recorded as Solid Fuels, with an approximate 

submitted quantity of 250 g per specimen. 

Three directly comparable analytical outcomes were available: 

1. gross calorific value on an air-dry basis; 

2. gross calorific value on a dry basis; and 

3. moisture in the analysis sample on an air-dry basis. 

Gross calorific value was determined using ASTM D5865/D5865M-19 [48]. Analysis-

sample moisture was determined using ASTM D3173/D3173M-17a [45]. 

No additional compositional values are inferred in this paper from parameters not contained in 

the corresponding SGS reports. 

4.2.1 Evidentiary Status of the Coal Dataset 

The available dataset consists of one before-labelled and one after-labelled coal specimen 

submitted for independent laboratory analysis. The measurements therefore establish the 

analytical properties reported by SGS for these two specimens. 

The dataset does not include an untreated contemporaneous control, sham condition, 

randomised treatment allocation, blinded treatment assignment or independently prepared 

replicate treatment and comparison units. 

The laboratory certificates also do not, by themselves, establish complete equivalence of the 

coal portions before intervention or document the entire pre-laboratory sequence of parent-

stock sampling, homogenisation, subdivision, custody transfers and transport. 

These limitations restrict causal inference from the present pair but do not alter the numerical 

laboratory measurements themselves. The measured values are therefore treated as 

observational endpoints for application of the quantitative framework rather than as a 

controlled estimate of QREC-MRT efficacy. 

The direction and magnitude of the observed differences can nevertheless be stated precisely 

and can be used to define prespecified endpoints for a prospective active-sham-control 

experiment. 

4.3 Data Extraction and Verification 

Numerical values were transcribed directly from the SGS laboratory certificates. For each 

parameter, the before-intervention value, after-intervention value, analytical unit and reporting 

basis were retained as reported. 
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The primary dataset comprised: 

• GCV, air-dry basis: 4,057 and 5,160 kcal/kg 

• GCV, dry basis: 4,122 and 5,206 kcal/kg 

• Moisture, air-dry basis: 1.57% and 0.88% w/w 

The analytical bases reported by SGS were preserved. Analysis-sample moisture was not 

relabelled as total moisture, inherent moisture or as-received moisture. 

No adjustment was made for ash, mineral matter, volatile matter, fixed carbon or elemental 

composition because corresponding paired measurements were not available in the present 

laboratory reports. 

4.4 Calculation of Observed Change 

For each measured parameter, the absolute between-specimen change was calculated as: 

Δ𝑌 = 𝑌after − 𝑌before 

where: 

• 𝑌before = measured value in the before-intervention specimen; 

• 𝑌after = measured value in the after-intervention specimen. 

Relative change was calculated as: 

𝑅𝑌 = (
𝑌after − 𝑌before

) × 100 
𝑌before 

For moisture, the absolute difference is expressed in percentage points, while the relative 

difference is expressed as a percentage of the before-intervention value. 

For GCV, absolute change in kcal/kg and relative percentage change were calculated 

independently on the air-dry and dry analytical bases. 

For the present paired dataset, these quantities represent observed between-specimen 

differences rather than estimates of a controlled treatment effect. A treatment-specific 

contrast such as 𝜏𝑇𝐶 or 𝜏𝑇𝑆, defined in Section 3, cannot be calculated because 

contemporaneous control and sham groups were not available. 

4.5 Interpretation of Dry-Basis GCV 

Dry-basis GCV was examined as a complementary endpoint because conversion to a dry 

basis removes the direct contribution of measured analysis-sample moisture to sample mass. 

The observed relative differences were: 

𝑅GCV,air-dry = +27.20% 
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and: 

𝑅GCV,dry = +26.30% 

The difference between the two relative responses was therefore: 

27.20 − 26.30 = 0.90 percentage points 

Analysis-sample moisture was determined using the recognised coal-moisture method 

identified in the SGS report [45]. Ash is also relevant to interpretation of calorific value 

because mineral matter contributes to sample mass while contributing differently to 

combustible energy [46]. A complete proximate analysis would additionally provide 

information on moisture, ash, and volatile matter and permit determination of fixed carbon by 

difference under the applicable procedure [47]. 

Gross calorific value was determined independently using the bomb-calorimetric method 

identified in the SGS laboratory certificates [48]. Conversion between analytical reporting 

bases should be carried out using recognised procedures [49], while ISO 1928 provides an 

additional internationally recognised framework for calorific-value determination in solid 

mineral fuels [50]. 

The persistence of most of the observed GCV difference after conversion to a dry basis shows 

that the measured difference in analysis-sample moisture alone cannot mathematically 

account for the calorific-value difference between the two specimens. 

Dry-basis normalisation does not, however, establish equivalence of the underlying dry coal 

fractions. Differences in ash, mineral matter, maceral composition, volatile matter, fixed 

carbon, elemental composition, or sampling provenance can also influence dry-basis calorific 

value. 

The dry-basis GCV result is therefore treated as a separate quantitative endpoint. Controlled 

replication with representative sampling and paired compositional measurements is required 

to determine whether a comparable dry-basis response is reproducibly associated with QREC-

MRT. 

4.6 Statistical Approach 

The available empirical dataset contains one before-intervention and one after-

intervention coal specimen. Statistical analysis is therefore descriptive rather than 

inferential. 

The results are reported using: 

1. measured before-intervention values; 

2. measured after-intervention values; 

3. absolute between-specimen difference; 

4. relative percentage difference; and 
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5. comparison between air-dry and dry-basis GCV responses. 

No p-values, confidence intervals or estimates of between-unit variance were calculated 

because the available dataset contains no independent experimental replicates from which 

those quantities could be estimated reliably. 

The present calculations therefore describe the magnitude and direction of the observed 

analytical differences. They do not estimate a population-level treatment effect. 

Under the quantitative framework developed in Section 3, inferential analysis becomes 

appropriate when independently prepared active, sham and untreated experimental units are 

available. Such a design would permit estimation of treatment contrasts, uncertainty and 

reproducibility. 

4.7 Data Presentation 

The coal results are presented using two summary tables and four quantitative figures. 

Table 1 identifies the laboratory reports, sample descriptions, analytical methods and 

associated metadata. 

Table 2 presents the before-intervention and after-intervention values together with absolute 

and relative differences. 

Figures 3 and 4 display the air-dry and dry-basis GCV measurements, respectively. Figure 5 

presents the corresponding analysis-sample moisture measurements, while Figure 6 compares 

the three observed relative differences on a common 

percentage-change scale. 

All derived numerical values were calculated directly from the measurements 

reported in the SGS certificates. No unmeasured compositional variable was 

estimated or inserted into the quantitative analysis. 

5. Results 

5.1 Coal Analytical Dataset 

The empirical case study comprised two coal reports issued by SGS India Private Limited. 

The before-intervention specimen was identified as “COAL BEFORE ENERGY 

BROADCAST” under Sample/Report No. CG25-002994.002, and the after-intervention 

specimen as “COAL AFTER ENERGY BROADCAST” under Sample/Report No. 

CG25-002994.005. 

Both reports were issued on 25 February 2025. 

Three directly comparable analytical parameters were available: 

1. gross calorific value on an air-dry basis; 
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2. gross calorific value on a dry basis; and 

3. moisture in the analysis sample on an air-dry basis. 

Table 1. SGS analytical reports included in the study 
 

Characteristic Before intervention After intervention 

SGS Sample/Report 

No. 

CG25-002994.002 CG25-002994.005 

Sample description COAL BEFORE ENERGY 

BROADCAST 

COAL AFTER ENERGY 

BROADCAST 

Product group Solid Fuels Solid Fuels 

Approx. submitted 

quantity 

250 g 250 g 

Report issue date 25 February 2025 25 February 2025 

GCV method ASTM D5865/D5865M-19 ASTM D5865/D5865M-19 

Moisture method ASTM D3173/D3173M-17a ASTM D3173/D3173M-17a 

 

5.2 Comparative Analytical Results 

All three measured parameters differed between the before-intervention and after-

intervention specimens in the direction specified by the QREC-MRT coal hypothesis. 

Air-dry GCV increased from 4,057 to 5,160 kcal/kg. Dry-

basis GCV increased from 4,122 to 5,206 kcal/kg. 

Analysis-sample moisture decreased from 1.57% to 0.88% w/w. 

Table 2. Before- and after-intervention coal analytical results 
 

Parameter Before After Absolute 

difference 

Relative difference 

GCV, air-dry basis 

(kcal/kg) 

4,057 5,160 +1,103 +27.20% 

GCV, dry basis (kcal/kg) 4,122 5,206 +1,084 +26.30% 

Moisture, air-dry basis (% 

w/w) 

1.57 0.88 −0.69 pp −43.95% 

pp = percentage points. 

5.3 Gross Calorific Value Response 
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Gross calorific value on an air-dry basis differed by +1,103 kcal/kg: 

ΔGCVair-dry = 5,160 − 4,057 = +1,103 kcal/kg The 

corresponding relative difference was: 

1,103 𝑅GCV,air-dry = ( ) × 100 = +27.20% 
4,057 
 

 

 

 

Figure 3. Gross calorific value of the before-intervention and after-intervention coal 

specimens on an air-dry basis. GCV was 4,057 and 5,160 kcal/kg, respectively, corresponding 

to an absolute difference of +1,103 kcal/kg and a relative difference of 

+27.20%. 

On a dry basis, the absolute GCV difference was +1,084 kcal/kg: 

ΔGCVdry = 5,206 − 4,122 = +1,084 kcal/kg The 

corresponding relative difference was: 

1,084 𝑅GCV,dry = ( ) × 100 = +26.30% 
4,122 
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Figure 4. Gross calorific value of the before-intervention and after-intervention coal 

specimens on a dry basis. GCV was 4,122 and 5,206 kcal/kg, respectively, corresponding to 

an absolute difference of +1,084 kcal/kg and a relative difference of 

+26.30%. 

The relative GCV differences on the two analytical bases were similar. Conversion from an 

air-dry to a dry basis changed the relative difference by only 0.90 percentage points, from 

+27.20% to +26.30%. 

5.4 Moisture Response 

Moisture in the analysis sample decreased from 1.57% to 0.88% w/w. ΔM = 0.88 

− 1.57 = −0.69 percentage points 

The relative change was: 

Relative moisture change = [(0.88 − 1.57) / 1.57] × 100 

= −43.95% 

The after-intervention sample therefore contained approximately 44% less analysis-sample 

moisture relative to the baseline value. 
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Figure 5. Moisture in the analysis sample of the before-intervention and after- 

intervention coal specimens. Moisture was 1.57% and 0.88% w/w, respectively, 

corresponding to an absolute difference of −0.69 percentage points and a relative difference 

of −43.95%. 

The terminology “moisture in the analysis sample” is retained because this is the 

parameter reported by SGS and should not be interpreted as total or as-received moisture. 

5.5 Normalised Comparison of Measured Responses 

The relative differences in the three measured parameters were: 

𝑅GCV,air-dry = +27.20% 
 

𝑅GCV,dry = +26.30% 

𝑅𝑀 = −43.95% 

Figure 6 displays these outcomes on a common percentage-change scale. The purpose of the 

normalisation is to compare the magnitude and direction of the 
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measured differences without combining variables expressed in different physical units. 
 

Figure 6. Normalised relative differences in measured coal parameters between the before-

intervention and after-intervention specimens. Positive values indicate higher after-

intervention values and negative values indicate lower after-intervention values relative to 

baseline. 

The similarity between the air-dry and dry-basis GCV differences is the main internal feature 

of this comparison. If the air-dry difference arose predominantly from the measured 

reduction in analysis-sample moisture, a much smaller relative difference would be expected 

after conversion to a dry basis. Instead, dry-basis GCV remained 26.30% higher in the after-

intervention specimen. 

This observation does not identify the cause of the GCV difference. It shows only that the 

measured analysis-sample moisture difference is insufficient, by itself, to account 

mathematically for the observed calorific-value difference. 

5.6 Summary of Coal Case-Study Measurements 

The paired coal analyses produced three quantitative observations: 

1. air-dry GCV was 27.20% higher in the after-intervention specimen; 

2. dry-basis GCV was 26.30% higher; and 
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3. analysis-sample moisture was 43.95% lower relative to the before-

intervention specimen. 

All three differences are in the direction specified by the QREC-MRT coal hypothesis. 

The similarity between the air-dry and dry-basis GCV differences shows that most of the 

measured GCV difference persisted after moisture normalisation. The measured difference in 

analysis-sample moisture therefore cannot, on its own, account for the observed calorific-

value difference. 

These results describe the two submitted specimens. They do not estimate a controlled 

QREC-MRT treatment effect because the available dataset contains no contemporaneous 

untreated group, sham condition or independent replicate experimental units. 

Their role in the present study is to provide quantitative observational endpoints against 

which subsequent controlled QREC-MRT experiments can be designed and evaluated. 

 

 

6. Quantitative Interpretation and Discussion 

6.1 Principal Findings 

The coal case study produced three measured between-specimen differences in the direction 

specified by the QREC-MRT coal hypothesis. Air-dry GCV was 27.20% higher in the after-

intervention specimen, dry-basis GCV was 26.30% higher, and analysis-sample moisture 

was 43.95% lower relative to the corresponding before-intervention value. 

The similarity between the air-dry and dry-basis GCV differences is relevant to interpretation. 

Conversion to a dry basis changed the relative GCV difference by only 

0.90 percentage points. The measured difference in analysis-sample moisture therefore 

accounts for only part of the observed difference in the energetic characteristics of the two 

specimens. 

The present dataset does not determine what proportion of the observed difference, if any, is 

specifically attributable to QREC-MRT. It does, however, define three quantitative 

endpoints that can be tested prospectively under controlled conditions. 

Within the evidentiary framework developed in Section 3, the present coal dataset is 

therefore treated primarily as an analytical observation rather than as a controlled treatment-

effect estimate. 

6.2 Significance of the Dry-Basis GCV Difference 

Gross calorific value represents the heat released during complete combustion of a specified 

mass of fuel under defined conditions. Standardised bomb-calorimetric 
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determination provides a direct measure of the energetic characteristic of the tested coal 

specimen [48]. 

The measured dry-basis values were: 

GCVbefore,dry = 4,122 kcal/kg GCVafter,dry 

= 5,206 kcal/kg 

The corresponding ratio was: 
 

5,206 
 

 

4,122 
= 1.263 

The after-intervention specimen therefore exhibited a dry-basis GCV approximately 

1.263 times the before-intervention value. The 

air-dry ratio was: 

5,160 
 

 

4,057 
= 1.272 

The similarity between the two ratios shows that most of the measured GCV difference 

remained after removal of the direct contribution of analysis-sample moisture. 

This does not imply that moisture is unimportant. Analysis-sample moisture differed by 

−43.95% between the two specimens. Rather, the paired results contain two analytically 

distinct observations: lower measured moisture and a GCV difference that remains largely 

present on a dry basis. 

The dry-basis comparison therefore provides an important numerical endpoint for subsequent 

controlled replication. 

 

 

6.3 Coal Heterogeneity and Possible Material Basis 

Coal is intrinsically heterogeneous. Different portions of the same nominal coal stock may 

vary in combustible organic matter, mineral content, maceral composition and other 

constituents unless representative sampling and controlled sample preparation are used 

[41,42]. 

The present laboratory reports establish the properties measured in the submitted 

specimens. They do not, by themselves, establish that the before-intervention and after-

intervention portions originated from statistically equivalent subdivisions of a 

homogenised parent coal lot. 

This issue is particularly relevant when interpreting calorific value. Ash and mineral matter 

contribute to sample mass without contributing equivalently to combustible 
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energy. Paired ash measurements should therefore be included in future QREC-MRT 

coal experiments [46]. 

Complete proximate analysis would provide additional information on moisture, ash and 

volatile matter and permit determination of fixed carbon under the applicable procedure 

[47]. Where sufficient data are available, conversion between analytical bases can further 

assist interpretation of differences among coal specimens [49]. 

If a comparable QREC-MRT-associated GCV response is reproduced under controlled 

sampling conditions, structural and compositional characterisation should follow. FTIR 

spectroscopy could examine changes in functional-group environments, Raman spectroscopy 

could assess carbon ordering, X-ray diffraction could examine structural organisation, and 

thermal analysis could evaluate changes in decomposition behaviour. 

These measurements should complement rather than replace calorimetry. The primary 

question in a confirmatory experiment remains whether the prespecified GCV and moisture 

responses are reproduced preferentially in the active-treatment condition. 

6.4 Scientific Interpretation in Relation to QREC-MRT 

The three measured coal parameters changed in the direction specified by the QREC-MRT 

coal hypothesis. Interpretation must nevertheless recognise the effect of coal sampling and 

preparation on analytical comparability. Representative sampling and controlled preparation 

are therefore essential when differences between coal portions are evaluated [41,42]. 

Analysis-sample moisture can influence calorific value when results are expressed on a 

moisture-containing basis. The moisture measurements reported in the present case study 

were determined using the applicable analytical method [45]. 

Dry-basis normalisation removes the direct contribution of measured moisture but does not 

remove possible differences in ash or mineral matter. Ash therefore remains an important 

complementary variable when calorific-value differences are evaluated [46]. 

A complete proximate analysis would provide additional compositional information and 

permit fixed-carbon determination by difference under the relevant procedure [47]. Such 

measurements should be obtained concurrently in future controlled QREC-MRT coal 

trials. 

Gross calorific value in the present specimens was determined using the recognised bomb-

calorimetric method identified in the laboratory certificates [48]. The measured differences 

were +27.20% on an air-dry basis and +26.30% on a dry basis. 

Conversion between analytical reporting bases provides a recognised method for 

examining the effect of moisture and other reporting variables on coal-analysis 
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results [49]. In the present case, conversion to a dry basis changed the relative GCV difference 

by only 0.90 percentage points. 

ISO 1928 provides an additional internationally recognised framework for 

determination of gross calorific value in solid mineral fuels [50]. Within these 

analytical boundaries, the after-intervention specimen differed from the before-

intervention specimen in both measured moisture and energetic characteristics. 

The current pair cannot establish that QREC-MRT caused these differences because the 

required contemporaneous controls and independent replicates are absent. The measurements 

nevertheless provide numerical endpoints for evaluating whether the same directional pattern 

can be reproduced under a prospective active-sham-control design. 

If the response is reproduced consistently in active-treatment units and remains 

distinguishable from both sham and untreated comparison units, the evidence would progress 

from the present analytical-observation level toward a controlled treatment association. 

Mechanism-specific investigation should then determine the physical or material pathway 

associated with that response. 

6.5 Implications for Further QREC-MRT Development 

The present coal measurements provide a quantitative starting point for the next experimental 

phase. A confirmatory coal programme should test whether three features are reproduced: 

• reduction in analysis-sample moisture; 

• increase in air-dry GCV; and 

• persistence of the GCV difference after conversion to a dry basis. 

The numerical values observed in the present case study provide reference endpoints: 

𝑅GCV,air-dry = +27.20% 
 

𝑅GCV,dry = +26.30% 

𝑅𝑀 = −43.95% 

These values should not be treated as assumed effect sizes for all future coal experiments. 

Their role is to provide empirical benchmarks against which subsequent independent 

measurements can be compared. 

QREC-MRT is not limited to coal. The same quantitative validation logic can be applied to 

other application domains, but the endpoint 𝑌, relevant control condition, analytical 

uncertainty, and minimum practically meaningful response must be defined separately for 

each domain. 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 08 August-2026 | Impact Factor: 3.5 

 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                           31 

 

Accordingly, the broader development programme should distinguish platform applicability 

from domain-specific evidence. A response observed in one application does not establish 

efficacy in another. Each domain requires its own controlled experimental evidence. 

 

 

7. Limitations and Evidentiary Boundaries 

The empirical coal component consists of one before-labelled and one after-labelled 

specimen analysed independently by SGS India Private Limited. The dataset permits direct 

quantitative comparison of these specimens but does not provide independent experimental 

replicates from which reproducibility or population-level treatment effects can be estimated. 

No untreated contemporaneous control, sham condition, randomised allocation or blinded 

treatment assignment was available. The observed between-specimen differences therefore 

cannot be separated statistically from all potential effects of sampling variation, handling 

differences or other uncontrolled variables. 

Coal heterogeneity is an important consideration. Specimens from the same nominal stock 

may differ in mineral matter, ash, maceral distribution, volatile matter, fixed carbon and 

elemental composition unless the parent material is appropriately homogenised and 

subdivided. The available documentation does not establish complete pre-intervention 

equivalence of the two submitted coal portions. 

The laboratory reports establish the analytical measurements made after receipt of the 

specimens, but they do not provide a complete pre-laboratory chain-of-custody record 

covering parent-stock identification, sampling, homogenisation, subdivision, handling and 

transport. These procedures should be documented prospectively in a confirmatory 

experiment. 

Conversion to a dry basis shows that the measured difference in analysis-sample moisture 

alone cannot account mathematically for the GCV difference. Dry-basis normalisation does 

not, however, correct for possible differences in ash, mineral matter or combustible 

composition. Paired ash, complete proximate analysis and ultimate analysis were not 

available in the present dataset. 

The absence of independent experimental replicates also means that within-group variance, 

confidence intervals and treatment-effect uncertainty cannot be estimated. The reported 

percentage differences therefore describe the two analysed specimens and should not be 

interpreted as an expected response magnitude across coal populations. 

The physical coupling pathway of QREC-MRT remains under investigation. Photographs, 

geographic coordinates and associated metadata are used within the operational protocol to 

identify and distinguish the intended target; they are not presented as the physical 

transmission mechanism. The coal measurements 
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address the observable analytical response rather than the physical coupling pathway. 

These limitations define the evidentiary level of the present case study. They do not alter the 

measured values themselves. The appropriate next step is therefore prospective controlled 

replication using representative sampling, independent experimental units and prespecified 

active, sham and untreated comparison conditions. 

 

 

8. Multidomain Quantitative Validation Framework 

QREC-MRT is intended as a multidomain technology platform. The purpose of this section is 

not to claim equivalent experimental evidence across all proposed applications, but to show 

how the quantitative validation model developed in this paper can be adapted to different 

physical and biological endpoints. 

The underlying structure remains common across domains: 

Δ𝑌𝑖 = 𝑌𝑖,post − 𝑌𝑖,pre 

𝑌𝑖,post − 𝑌𝑖,pre 

𝑅𝑖 = ( 
𝑌𝑖,pre 

) × 100 

and, where comparison groups are available: 
 

𝜏𝑇𝐶 = Δ𝑌𝑇 − Δ𝑌𝐶 
 

𝜏𝑇𝑆 = Δ𝑌𝑇 − Δ𝑌𝑆 
 

 

8.1 Liquid- and Gaseous-Fuel Applications 

Where QREC-MRT is evaluated in liquid fuels, representative sampling should precede 

intervention and analysis so that the tested portions remain representative of the parent fuel 

batch [51]. Density should be measured at a specified temperature because temperature-

dependent variation can influence comparison of liquid-fuel properties [52]. 

Where viscosity forms part of the treatment hypothesis, kinematic viscosity should be 

determined using an appropriate standard method [53]. Flash point should likewise be 

measured using a recognised procedure where changes in volatility or fuel-handling 

characteristics are relevant [54]. 

If the principal endpoint concerns energy content, heat of combustion should be measured 

directly rather than inferred from secondary properties. Established bomb-calorimetric 

methods provide appropriate procedures for such measurements [55,56]. 
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For gaseous fuels, representative sampling is similarly necessary because measured 

composition can depend on sampling procedure, pressure and system configuration [57]. 

Composition should be determined directly using a suitable chromatographic method [58]. 

Measured gas composition may then be used to derive calorific value, density, relative 

density and Wobbe Index according to established procedures [59]. 

Interpretation should consider the wider fuel-property profile because improvement in one 

parameter does not necessarily imply overall improvement in operational suitability [60]. 

The purpose of these methods within the present framework is to define how a future QREC-

MRT fuel response should be measured. No liquid- or gaseous-fuel efficacy conclusion is 

drawn from the coal dataset reported in this paper. 

8.2 Photovoltaic and Energy-System Applications 

For photovoltaic applications, raw electricity generation should not be used in isolation as a 

treatment endpoint because irradiance, temperature, system availability and monitoring 

quality can materially influence measured output. Recognised photovoltaic monitoring 

principles provide a basis for controlling these variables [61]. 

Power-performance and capacity evaluation may use an established performance-index 

methodology, while longer-term evaluation should distinguish measured energy 

production from expected production under corresponding environmental conditions 

[62,63]. 

Performance ratio and related normalised indicators provide established approaches for 

comparing grid-connected photovoltaic systems under varying operating conditions [64]. 

Module temperature should also be measured because operating temperature directly affects 

electrical performance [65]. 

Soiling is another potential confounder because dust accumulation, rainfall and cleaning can 

alter photovoltaic output independently of any intervention [66]. 

A confirmatory QREC-MRT photovoltaic experiment should therefore compare matched 

systems or use an appropriate crossover design, prespecify the primary performance endpoint 

and correct for the principal environmental variables. 

The validation principle is the same as for coal: a measured change becomes evidence of 

treatment association only when it is reproducible and distinguishable from appropriate 

comparison conditions. 

8.3 Agricultural and Plant-Physiology Applications 

Agricultural QREC-MRT studies should use prespecified physiological, growth or 

productivity endpoints rather than relying primarily on visual assessment. Chlorophyll 
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fluorescence provides an established method for evaluating photosynthetic function when 

measurements are obtained under controlled conditions [67,68]. 

Additional fluorescence parameters can provide information on photosystem II redox state 

and excitation-energy distribution where photosynthetic performance is a primary endpoint 

[69]. 

Plant experiments should control positional, nutritional, irrigation, container and other 

environmental effects because apparently small differences in growth conditions can alter 

physiological and biomass outcomes [70]. 

Phenotyping datasets should retain adequate metadata to permit interpretation and reuse [71]. 

Where water-use efficiency is evaluated, the measurement scale and calculation method 

should be specified because leaf-, plant- and crop-level measures are not interchangeable 

[72]. 

Emerging agricultural water-management technologies illustrate the importance of relating 

measured water-use responses to the crop and production system being studied [73]. 

Environmental sensor networks can further provide continuous measurements of variables 

such as temperature, humidity, soil condition and plant microenvironment [74]. 

Accordingly, the endpoint in an agricultural QREC-MRT experiment should be defined 

prospectively and evaluated against environmental and biological variability using 

appropriate comparison plots or experimental units. 

8.4 Biological Stress and Microbiome Applications 

Where QREC-MRT is investigated in relation to biological stress, biochemical endpoints 

should be interpreted in functional context. Reactive oxygen species, for example, participate 

in both cellular damage and signalling and should not be treated simply as undesirable 

variables whose reduction is automatically beneficial [75]. 

Plant-associated microbial communities likewise depend on interactions among the host, soil 

and surrounding environment [76]. Soil microbiomes participate in broader ecosystem 

functions, and community diversity alone is therefore insufficient to demonstrate a beneficial 

treatment response [77]. 

Where microbiome modification is proposed, changes should be linked to functional 

outcomes such as nutrient acquisition, disease suppression, plant growth or stress tolerance 

[78]. Root, soil and microbial communities should be considered as an interacting system 

rather than as isolated abundance measurements [79]. 

For these applications, QREC-MRT validation should therefore distinguish a statistically 

detectable biological difference from a biologically meaningful functional response. 

8.5 Radiation and Space-Agriculture Applications 
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Radiation-related QREC-MRT studies require a clear distinction between a change in the 

physical radiation field and a change in biological response under the same measured 

exposure. Plant responses to ionising radiation depend on radiation quality, dose, dose rate 

and biological condition [80,81]. 

For space-agriculture applications, radiation exposure must additionally be considered within 

the wider requirements of cultivation in bioregenerative life-support systems [82]. 

Controlled irradiation experiments show the value of combining morphological 

measurements with physiological indicators rather than relying on growth alone [83]. 

Space cultivation also involves interacting constraints in plant physiology, environmental 

control and resource availability [84]. Nutrient accounting, including nitrogen management, is 

correspondingly important in closed or semi-closed agricultural systems [85]. 

A future QREC-MRT radiation experiment should therefore measure physical dose 

independently and evaluate biological protection as a separate endpoint. An observed 

biological benefit should not be interpreted automatically as evidence that the incident 

radiation field itself has changed. 

8.6 Data Integrity, Digital Representation and Target Traceability 

All confirmatory QREC-MRT studies should preserve raw measurements, sample identities, 

intervention records, analytical certificates, allocation information and derived calculations 

in a traceable research record. Where practicable, research data should follow the FAIR 

principles of findability, accessibility, interoperability and reusability [86]. 

Digital models may assist with baseline prediction, environmental correction and anomaly 

detection, but a distinction should be maintained between a static digital representation and a 

dynamically linked digital twin [87]. 

Large observational datasets can be integrated with continuously updated modelling 

frameworks to create digital representations of complex physical systems [88]. 

Comparable approaches are being explored in agriculture, where sensor information and 

predictive models can follow the state of a production system over time [89]. 

For QREC-MRT, such digital methods may support experimental monitoring and data 

interpretation but should not substitute for direct measurement of the primary endpoint. 

Where geographic coordinates are used to identify a target, the coordinate reference system, 

acquisition method, accuracy, timestamp and associated metadata should be recorded using 

an appropriate geospatial metadata framework such as ISO 19115-1 [90]. 
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The role of these records is target identification, traceability and reproducibility. They are not 

treated as the physical mechanism by which QREC-MRT interacts with the target. 

8.7 General Validation Sequence 

The multidomain validation framework can be condensed into four stages. 

Stage 1: Analytical replication 

The prespecified response should first be reproduced in independently prepared experimental 

units. At this stage: 

𝐸2 ⟹ 𝐸1 

but reproducibility alone does not establish treatment specificity. 

Stage 2: Controlled confirmation 

Active QREC-MRT should be compared prospectively with appropriate untreated and, 

where feasible, sham conditions. The principal contrasts are: 
 

𝜏𝑇𝐶 = Δ𝑌𝑇 − Δ𝑌𝐶 

and: 
 

𝜏𝑇𝑆 = Δ𝑌𝑇 − Δ𝑌𝑆 

A treatment-associated interpretation requires the active condition to remain distinguishable 

from the relevant comparison conditions relative to the expected analytical and experimental 

variability. 

Stage 3: Independent reproduction 

The controlled response should then be tested by independent investigators, sites, or 

laboratories where practicable. Reproduction across independent experimental settings 

provides stronger evidence of generalisability than repeated measurements within a single 

experimental system. 

Stage 4: Mechanistic characterisation 

Only after a controlled response is reproduced should the primary endpoint be 

combined with measurements designed specifically to test competing physical, 

chemical, structural, or biological mechanisms. 

The evidentiary progression is therefore: 

𝐸1 → 𝐸2 → 𝐸3 → 𝐸4 

without assuming that evidence at one level automatically establishes the next. 

This structure allows QREC-MRT to retain its multidomain scope while requiring each 

application to establish its own evidentiary progression independently. 
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8.8 Minimum Confirmatory Coal Experiment 

Because coal provides the worked empirical case study in the present paper, a confirmatory 

coal experiment can be specified in greater detail. 

The study should begin with a sufficiently large and representative parent coal lot. The 

material should be homogenised as far as practicable and divided into multiple coded 

experimental portions using a documented representative sampling and subdivision 

procedure. 

Experimental units should then be allocated prospectively to: 

• active QREC-MRT; 

• sham intervention; and 

• untreated control. 

Randomised allocation should be used where operationally feasible. 

Sample identities should be concealed from the analytical laboratory and, where practicable, 

from personnel responsible for post-intervention sample handling. The allocation key should 

remain inaccessible until laboratory measurements have been completed and the analytical 

dataset has been locked. 

Each experimental condition should contain sufficient independent units to permit estimation 

of within-group variability. 

For each unit, the principal endpoints should include: 

• gross calorific value; 

• analysis-sample moisture; 

• ash; 

• volatile matter; 

• fixed carbon; and 

• ultimate elemental composition. 

GCV should be measured using replicate bomb-calorimetric determinations where 

appropriate. 

For endpoint 𝑌, the principal contrasts should be: 
 

𝜏𝑇𝐶 = Δ𝑌𝑇 − Δ𝑌𝐶 

and: 
 

𝜏𝑇𝑆 = Δ𝑌𝑇 − Δ𝑌𝑆 
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A treatment-associated QREC-MRT response would require the active-treatment contrasts to 

be consistent with the prespecified directional hypothesis and distinguishable from analytical 

and between-sample variability. 

For the principal coal endpoints, the expected directions are: 

𝜏GCV > 0 

and: 

𝜏𝑀 < 0 

where positive 𝜏GCV represents a greater GCV increase in the active condition and negative 𝜏𝑀 

represents greater moisture reduction. 

Chain-of-custody documentation should record parent-lot identity, sampling procedure, 

homogenisation and subdivision, sample mass, coded identifiers, custody transfers, 

intervention timing, relevant environmental conditions, packaging, transport, and laboratory 

receipt. 

The primary endpoints, minimum effect of interest, and statistical-analysis plan should be 

specified before treatment allocation is revealed. 

If a reproducible active-treatment response remains distinguishable from both sham and 

untreated controls, subsequent studies should investigate the associated material pathway. 

FTIR, Raman spectroscopy, X-ray diffraction, and thermal analysis can then be applied to the 

same coded experimental units to determine whether the energetic response is accompanied 

by measurable compositional or structural changes. 

Direct physical measurements should likewise be incorporated where they can test candidate 

coupling mechanisms. 

Independent reproduction of the result would provide the basis for progressing from a 

controlled treatment association to mechanism-specific investigation. 
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TOL Biotech was not involved in the invention or development of QREC-MRT. SGS India 

Private Limited performed the analytical measurements used in the coal case study 

independently and had no role in the invention or development of QREC-MRT, interpretation 

of the results or preparation of this manuscript. 

The identification of these interests does not alter the evidentiary framework adopted in the 

paper, in which analytical observation, reproducibility, controlled treatment association and 

physical mechanism are treated as separate levels of scientific evidence. 

11. Conclusions 

QREC-MRT is presented in this study as a remote, non-contact and multidomain 

technology platform whose reported responses can be evaluated through quantitative, 

falsifiable and progressively controlled experimental methods. The framework developed in 

this paper separates analytical observation, reproducibility, controlled treatment association 

and physical mechanism so that these different levels of evidence are not treated as 

equivalent. 

The empirical case study examined coal specimens identified as before-intervention and 

after-intervention specimens, and analysed independently by SGS India Private Limited. Air-

dry GCV increased from 4,057 to 5,160 kcal/kg, corresponding to a between-specimen 

difference of +27.20%. Dry-basis GCV increased from 4,122 to 5,206 kcal/kg, 

corresponding to +26.30%. Analysis-sample moisture decreased from 1.57% to 0.88% w/w, 

corresponding to a relative difference of −43.95%. All three measured differences were in 

the direction specified by the QREC-MRT coal hypothesis. 

The similarity between the air-dry and dry-basis GCV differences is relevant to interpretation. 

Conversion to a dry basis changed the relative GCV difference by only 

0.90 percentage points. The measured difference in analysis-sample moisture alone therefore 

cannot mathematically account for the observed calorific-value difference between the two 

specimens. 

The present dataset does not, however, establish treatment-specific causation. The study 

contains one before-labelled and one after-labelled specimen and does not include 

contemporaneous untreated or sham groups, randomised allocation, blinded treatment 

assignment or independent experimental replicates. Paired ash, complete proximate and 

ultimate analyses and complete pre-laboratory chain-of-custody documentation were also 

unavailable. The measured coal differences are therefore treated as quantitative observational 

endpoints rather than as a controlled estimate of QREC-MRT efficacy. 

This evidentiary distinction does not alter the laboratory values themselves. Instead, it 

determines the next experimental requirement. A confirmatory coal study should use 

representative homogenised parent material, prospective allocation to active, sham and 

untreated groups, blinded analytical coding, independent experimental 
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replicates, replicate calorimetry, paired compositional measurements and complete chain-

of-custody documentation. 

Treatment-specific interpretation should be based on prespecified active-control and active-

sham contrasts. For a measured endpoint 𝑌, the principal comparisons are: 
 

𝜏𝑇𝐶 = Δ𝑌𝑇 − Δ𝑌𝐶 

and: 
 

𝜏𝑇𝑆 = Δ𝑌𝑇 − Δ𝑌𝑆 

A reproducible response in the active-treatment condition that remains distinguishable from 

both sham and untreated comparison conditions would move the evidence beyond analytical 

observation toward controlled treatment association. 

The physical coupling mechanism remains a separate experimental question. Photographs, 

geographic coordinates, sample identifiers and associated metadata are used within QREC-

MRT to identify and distinguish the intended target. They are not presented as the physical 

transmission pathway. Mechanistic investigation should therefore follow reproducible 

controlled outcomes and employ measurements capable of testing competing conventional 

and alternative physical explanations. 

Coal is used in the present paper as the worked empirical case study, but the quantitative 

framework is not restricted to coal. QREC-MRT has a broader intended application scope 

across material, energy and biological systems. Each application domain must, however, 

define its own primary endpoint, analytical method, relevant comparison conditions, 

expected variability and criteria for a meaningful treatment-associated response. 

The principal contribution of this study is therefore twofold. First, it documents a defined set 

of independently measured coal observations that provide numerical endpoints for 

prospective replication. Second, it establishes a general quantitative framework through which 

QREC-MRT can be tested across application domains without conflating an observed 

response with treatment causation or physical mechanism. 

The resulting framework permits QREC-MRT research to progress in a structured sequence: 

measurement ⟶ replication ⟶ controlled treatment association 

⟶ mechanistic characterisation 

This provides a scientifically testable pathway for evaluating the technology while retaining 

its broader multidomain research scope. 
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The numerical coal data analysed in this study were derived directly from the SGS India 

Private Limited analytical reports identified in the manuscript. The measured values, 

analytical methods, calculated absolute differences and relative differences required to 

reproduce the quantitative analysis are reported in the paper. 

The original laboratory reports and associated supporting documentation may be made 

available for editorial or scientific verification subject to applicable confidentiality, 

intellectual-property and third-party document-use requirements. 
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