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Organic wastes generated by livestock production, agriculture and food
systems represent both an environmental-management challenge and a
recoverable source of organic carbon and plant nutrients. Aerobic
composting provides an established route for stabilising these materials, but
conventional processing commonly requires several weeks or longer and is
strongly influenced by feedstock composition, carbon-to-nitrogen ratio,
moisture, aeration, temperature, microbial-community dynamics and
enzymatic activity. Technologies capable of substantially shortening
composting time while preserving maturity, value and
microbiological safety are therefore of considerable
environmental and practical interest.
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NovaZyra™ is a proprietary bio-enzymatic composting technology
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developed for accelerated biological transformation of manure and other
biodegradable organic wastes. The platform combines targeted microbial
and extracellular enzymatic activity with feedstock-specific optimisation of
the physicochemical conditions governing aerobic decomposition. A
principal performance benchmark is the achievement of stabilised, mature
compost at or near approximately 12 days under suitable feedstock and
operating conditions.

The development of NovaZyra™ was informed by earlier technical work on
a related bio-enzymatic composting system that underwent an extended institutional research and process-
optimisation programme and reported composting within approximately 7—12 days under the conditions investigated.
These historical observations provide relevant developmental context but are not treated in this manuscript as direct
validation of the current NovaZyra™ formulation.

This technology-framework paper establishes the scientific rationale and proposed mechanistic basis of NovaZyra™,
and defines a controlled validation strategy centred on matched treatment-control comparison, time to predefined
maturity, nutrient and dry-matter mass balance, compost yield, phytotoxicity, microbiological safety, environmental
performance and progressive scale-up. The current formulation has entered field evaluation in multiple countries,
providing an opportunity for direct technology-specific validation under diverse feedstock and operating conditions.

A central feature of the proposed framework is the distinction between accelerated biological decomposition, earlier
attainment of objective compost maturity, and preservation of final-product quality and safety. Accordingly, the
approximately 12-day benchmark is treated as a measurable and falsifiable performance proposition rather than a
universal fixed-time guarantee. Reproducible treatment-control data, independent analytical verification,
representative sampling and transparent mass balance are therefore identified as the principal requirements for

establishing the scientific performance of NovaZyra™ and defining its feedstock-specific operating envelope.
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1. Introduction

Growing quantities of livestock manure and biodegradable agricultural residues present substantial challenges for
waste management, environmental protection and nutrient conservation. These materials contain valuable nitrogen,
phosphorus, potassium and organic carbon, yet inappropriate storage, handling or disposal can contribute to odour
generation, nutrient losses, microbial contamination and broader environmental pollution. Controlled composting
provides an established means of converting biologically unstable organic wastes into more stable and potentially
valuable agricultural resources.

Aerobic composting is a biologically mediated process in which complex organic substrates are progressively
transformed through interacting microbial, biochemical and physicochemical processes. Temperature, moisture,
oxygen availability, aeration, carbon-to-nitrogen ratio, substrate structure and microbial succession collectively
influence progression through the mesophilic, thermophilic, cooling and maturation phases. Forced-aeration studies in
chicken-manure systems have demonstrated that airflow can materially affect temperature development, organic-
matter degradation, nitrogen transformation and compost maturity [1]. Aeration also influences emissions of CHa,
N:20 and NHs [2], while moisture availability and C:N ratio affect microbial activity, process kinetics and survival of
key microbial populations [3].

Compost maturity cannot therefore be defined solely by elapsed processing time. The germination index is widely
used as a biological indicator of maturity and phytotoxicity, although its sensitivity varies with the test species
employed [4]. Additional indicators, including C:N ratio, nitrogen transformations and physicochemical stability,
provide complementary evidence of compost maturity [5]. Microbial augmentation can influence thermophilic
behaviour, humification and nutrient transformation [6], while pathogen-surrogate studies emphasise that biological
safety depends on adequate exposure conditions throughout the compost mass rather than on peak temperature alone

[7].

These considerations are particularly important for accelerated composting technologies. A reduction in processing
time is scientifically meaningful only when the shortened process also achieves demonstrable stability, maturity,
nutrient conservation and biological safety. Consequently, any technology intended to substantially accelerate
composting should be evaluated not simply by the number of days required for processing, but by objective evidence
that the resulting material has reached an appropriate and reproducible maturity endpoint.

1.1 The scientific challenge of accelerated composting

The practical attraction of accelerated composting is straightforward: a shorter residence time can increase
throughput, reduce the volume of untreated waste awaiting processing, decrease the area tied up in active composting
and permit more rapid conversion of manure into a usable agricultural input. Scientifically, however, acceleration is
demanding because several biological processes must proceed in the correct sequence. Rapid hydrolysis of readily
degradable substrates may generate heat quickly, yet the process can still fail to produce mature compost if oxygen
transfer becomes limiting, moisture is poorly controlled, nitrogen is excessively volatilised or the curing phase is
shortened before unstable compounds are transformed.

This is why a 12-day objective must be defined in terms of a maturity endpoint rather than merely an operational
stopping point. A treated material that appears dark, friable and odour-reduced after 12 days may still contain
excessive ammonium, soluble salts or phytotoxic intermediates. Conversely, a biologically active system may achieve
rapid stabilisation when substrate composition, enzyme availability, aeration and microbial succession are favourably
aligned. The NovaZyra™ research strategy therefore treats the 12-day target as an integrated process challenge
requiring simultaneous evidence of accelerated transformation, stable physicochemical behaviour and biological
suitability.
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The earlier literature provides precedent for substantial modification of composting kinetics through aeration,
microbial inoculation and control of C:N ratio [1-6], but it also shows that no single process variable reliably predicts
maturity. The significance of the NovaZyra™ programme is thus not the proposition that compost biology can be
accelerated in principle, which is already supported by the wider literature, but whether a proprietary feedstock-
adaptable bio-enzymatic system can do so reproducibly within an approximately 12-day target window while
preserving quality and safety.

1.2 NovaZyra™ development objective and technology provenance

NovaZyra™ is a proprietary bio-enzymatic technology conceived, named and developed by the author for accelerated
conversion of manure and other biodegradable organic materials into stabilised compost. Its development reflects the
inventor’s accumulated technical experience in microbial and enzymatic approaches to organic-waste processing.
NovaZyra™ is presented here as a separately developed contemporary technology.

The principal performance objective is approximately 12-day composting under suitable feedstock and operating
conditions, with “composting” defined by objective stabilisation and maturity criteria rather than visual disappearance
of the starting material. This target is informed by earlier technical experience, including an extended institutional
research programme involving a related bio-enzymatic system developed by the same inventor that reported
composting within approximately 7-12 days. The historical programme is described only as part of the technology-
development history; no confidential formulation, unpublished dataset or proprietary institutional report is reproduced
or asserted as the property of the present author.

NovaZyra™ has progressed to early international field evaluation. Samples of the current formulation have been
exported for trial use in multiple countries and are being evaluated on selected manure and organic-waste streams
under locally relevant operating conditions. These studies are intended to generate direct NovaZyra-specific
performance data and should not be interpreted as completed validation until the corresponding analytical and process
results are available.

The conceptual comparison between conventional composting and the NovaZyra™-assisted target pathway, including
the approximately 12-day validation benchmark, is illustrated in Figure 1.
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Scientific imerpretation: the key validation question is whether NovaZyra™ enables earlier attainment of predefined
compost maturity relative to a matched untreated control, while maintaining product quality and safety.

Figure 1. NovaZyra™ accelerated-composting development target. The approximately 12-day value is the principal
NovaZyra validation target, informed by earlier related institutional research that reported approximately 7—12 days.
Current NovaZyra-specific international trials are ongoing; the target is not presented as a universal performance
guarantee.

© 2026 The . Published by . Website: https://ijcope.org/ 3


https://ijcope.org/

International Journal of Creative and Open Research in Engineering and Management It} }
ISSN: 3108-1754 (Online) ‘ *,
Volume 02 Issue 08 August-2026 | Impact Factor: 3.5 R ¥

1.3 Scientific hypothesis and objectives

The central hypothesis is that targeted bio-enzymatic augmentation, combined with appropriate control of moisture,
aeration, temperature and feedstock conditions, can shorten the time required for organic waste to reach defined
compost maturity without compromising nutrient value or biological safety.

R =f(B,E, T, 0, MC, C:N, S, D, t) (1)

Parameter Definitions:

o R(c) : Effective composting response / overall degradation rate

o B: Biological activity (microbial biomass and metabolic flux)

. E: Enzymatic activity (catalytic cleavage rate of biopolymers)

. T: Process temperature profile (mesophilic/thermophilic stages)

o 0O,: Oxygen availability / aeration rate

. MC: Moisture content (%)

. C:N: Carbon-to-nitrogen ratio

o S: Substrate characteristics (lignocellulosic composition, particle size, surface area)
o D: NovaZyra™ application dosage

. t: Residence time / operational duration

The objectives of this paper are to define the scientific basis of the NovaZyra™ bio-enzymatic platform; establish a
mechanistic framework; propose a controlled methodology for direct validation; define quantitative performance
indicators; provide a feedstock-specific optimisation and scale-up strategy; and identify the evidence required before
approximately 12-day performance claims are made for individual applications.

1.4 Evidence hierarchy and article positioning

This manuscript is intentionally positioned as a technology-framework and perspective paper rather than as a
completed NovaZyra™ efficacy trial. Four evidence levels are distinguished. Level 1 comprises peer-reviewed
literature demonstrating the biological plausibility of the constituent mechanisms. Level 2 comprises the inventor’s
prior technical experience, including earlier related institutional work that reported 7—12-day composting but whose
detailed data are not reproduced here. Level 3 comprises ongoing direct trials using the current NovaZyra™
formulation. Level 4 will comprise replicated, independently analysed and preferably multi-site datasets suitable for
quantitative technology-specific claims.

This hierarchy protects both scientific interpretation and intellectual-property boundaries. It permits earlier
professional experience to be acknowledged as part of the development history without treating historical proprietary
information as present NovaZyra™ data. It also establishes a clear publication pathway: the present framework
defines the hypotheses and validation methods, whereas future experimental papers should report current formulation-
specific results, including treatment-control comparisons, statistical uncertainty and feedstock-specific performance.

The principal process variables, their scientific relevance and recommended primary measurements are summarised in
Table 1.

Table 1. Principal scientific variables governing NovaZyra™ validation.

Variable Scientific relevance Primary measurement

Temperature Microbial activity and thermophilic °C versus time
progression

Moisture Microbial metabolism and oxygen transfer %

Aeration Aerobic metabolism and heat removal airflow / Oz
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C:N ratio Substrate balance and N transformation dimensionless

Organic matter Degree of decomposition % / mass balance

N, P, K Nutrient value and retention % + nutrient mass

pH/EC Chemical environment and soluble salts pH; mS cm™

Germination Phytotoxicity and maturity %

index

Pathogens Biological safety CFU g' / presence-
absence

Mass / yield Resource recovery kg; t/t

Time Acceleration days

2. Scientific Basis and Mechanistic Framework

2.1 Bioaugmentation, microbial succession and enzyme activity

Composting is characterised by sequential ecological transitions. Mesophilic organisms dominate initially, followed
by thermophilic communities as respiratory heat accumulates; cooling and maturation then favour organisms capable
of transforming more resistant substrates. Inoculation studies show that biological augmentation can alter enzyme
activity, available nitrogen and microbial succession [8]. Early community turnover can predetermine later chicken-
manure composting efficiency [9].

Extracellular enzymes are central because many macromolecules must be depolymerised before microbial
assimilation. Composting studies have associated inoculation with increased cellulase, urease and other enzyme
activities and improved maturity indicators [10]. Changes in bacterial-community structure have also been associated
with enhanced cellulase and urease activity [11]. NovaZyra™ is therefore conceptualised as bio-enzymatic process
augmentation rather than merely addition of microbial biomass.

2.2 Enzyme-substrate complementarity

Organic wastes contain chemically distinct fractions that are not degraded at equal rates. Soluble carbohydrates and
simple proteins may be rapidly metabolised, while cellulose, hemicellulose, lipids and lignin-associated structures
require different extracellular enzyme systems and microbial populations. A formulation intended to accelerate the
whole composting process must therefore address substrate heterogeneity rather than maximise a single enzymatic
reaction. Cellulolytic, proteolytic, lipolytic and oxidative activities may contribute at different stages, and the relative
importance of each pathway will depend on the waste matrix.

The concept of enzyme-substrate complementarity is particularly relevant to feedstock customisation. Poultry manure
mixed with bedding may contain a substantially different lignocellulosic burden from pig slurry, while food waste
may contain larger readily fermentable carbohydrate and lipid fractions. Consequently, a fixed biological composition
may not produce an identical response across feedstocks. Published observations linking inoculation to enzyme
activity and maturity [10,11] support the principle that the functional profile of the biological intervention matters as
much as the nominal amount applied.

In the NovaZyra™ framework, the formulation is therefore viewed as a functional catalyst of biological succession
rather than a simple inoculum. Its proposed role is to increase the accessibility of rate-limiting substrate fractions,
support favourable microbial interactions and reduce the time spent in kinetically slow stages of conventional
composting. This mechanism remains a hypothesis for the current formulation and should be evaluated using enzyme
assays and microbial-community analysis in advanced studies once basic efficacy has been established.

2.3 Process conditions and nutrient transformation

The biological response is constrained by its environment. Carbon provides energy and structural substrate, while
nitrogen supports cellular synthesis. Manipulation of C:N ratio can modify nitrogen-transforming microbial
communities and reduce total carbon and nitrogen losses [12]. Industrial-scale studies also indicate that microbial
ammonia assimilation is important for nitrogen preservation [13].
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2.4 Coupling of oxygen, moisture and heat transfer

Aerobic composting is governed by a coupled transport problem. Microbial activity consumes oxygen and produces
heat, while aeration replenishes oxygen but simultaneously removes heat and moisture. Water is necessary for
enzymatic reactions and microbial transport, yet excessive moisture reduces gas-filled porosity and can create
anaerobic microsites. These interactions mean that the biological potential of an accelerated formulation can only be
expressed when the physical structure of the composting mass permits adequate oxygen transfer.

At larger scale, this coupling becomes more important because heat is retained more effectively in the core of a pile
while oxygen gradients become steeper. A formulation that performs well in a small, frequently mixed batch may
therefore behave differently in a deep windrow or static heap. The most appropriate control strategy is not necessarily
maximal forced aeration. Instead, aeration, turning and moisture addition should be adjusted to maintain an aerobic
thermophilic environment without excessive evaporative cooling or drying. This principle is consistent with the
aeration-dependent behaviour reported in manure composting studies [1,2].

For NovaZyra™ validation, the temperature curve should therefore be interpreted together with moisture and aeration
records. Earlier onset of thermophilic conditions would be supportive evidence of faster metabolism, but a favourable
result would also require timely transition into cooling and maturation. Persistent excessive temperature, repeated
reheating or strong ammonia odour may instead indicate that the biological process has not reached the intended
stabilised endpoint.

Phosphorus behaves differently from nitrogen because major gaseous loss pathways are absent. Alkaline-phosphatase-
harbouring bacterial communities contribute to phosphorus transformation during composting [14], while nutrient-
cycling functional genes are associated with changes in phosphorus fractions [15]. These observations support
measurement of total and, in advanced studies, available nutrient fractions.

2.5 Humification and stabilisation

Accelerated decomposition becomes useful only if the material progresses towards stability. Core microorganisms
have been linked to transformation of dissolved organic matter into more stable molecular fractions [16], and
functional materials introduced at different process stages can alter both degradation and humus formation [17].
Consequently, NovaZyra™ should be assessed simultaneously for decomposition rate and stabilisation rate.

The proposed mechanism is therefore a systems pathway: feedstock characterisation — bio-enzymatic augmentation
— enhanced substrate accessibility — modified microbial activity and succession — accelerated aerobic
biodegradation — thermophilic transformation — nutrient redistribution — stabilisation and maturation.

2.6 Biochemical interpretation of the approximately 12-day target

The approximately 12-day objective can be interpreted mechanistically as compression of the time required to move
through the major functional phases of composting without eliminating those phases. In an accelerated system, readily
degradable substrates would be expected to support rapid early respiration, followed by a sufficiently sustained
thermophilic period for active transformation and hygienisation, then a comparatively rapid decline in biological heat
production as unstable substrates are depleted. The final stage must still include evidence of stabilisation rather than
simply termination of active treatment.

This interpretation is important because the target is not that every biochemical reaction is completed exactly on Day
12. Rather, the research question is whether the material satisfies a predefined maturity specification by
approximately that time. Depending on feedstock, some longer-term humification may continue after the operational
composting phase, as occurs in conventional composts. The validation criterion should therefore be linked to intended
use: a compost suitable for immediate agricultural application may require stricter maturity and pathogen criteria than
an intermediate stabilised material intended for subsequent curing.

The proposed sequence linking bio-enzymatic augmentation to enhanced substrate accessibility, microbial
transformation and eventual compost maturation is summarised schematically in Figure 2.
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Scientific interpretation: NovaZyra™ should be evaluated by earlier attainment of predefined compost maturity
relative to a matched untreated control, while maintaining product quality and safety.

Figure 2. Proposed mechanistic framework of NovaZyra™. The figure represents a testable systems hypothesis
linking bio-enzymatic augmentation, substrate accessibility, microbial succession, aerobic biodegradation and
progression towards mature compost.

2.7 Feedstock-specific customisation

Different waste streams vary in moisture, C:N ratio, protein, lipid, cellulose, lignin, pH, salts, indigenous microbiota
and contaminant profile. A poultry-manure application should therefore not be assumed to transfer quantitatively to
pig manure, cattle manure, food waste or lignocellulosic residues. Feedstock-specific customisation is treated as a
scientific design principle rather than a marketing distinction.

2.8 Feedstock classes and expected mechanistic differences

Poultry manure, pig manure, cattle manure, food waste and crop residues should be regarded as distinct biochemical
systems. Poultry manure commonly combines nitrogen-rich excreta with variable bedding material, creating a matrix
in which protein degradation, uric-acid and ammoniacal nitrogen pathways interact with lignocellulosic
decomposition. Pig manure or slurry typically has higher moisture and lower structural porosity, making oxygen
transfer and moisture management particularly important. Cattle manure generally contains a larger fraction of
partially digested fibrous material and may therefore place greater demand on cellulolytic and hemicellulolytic
pathways. Food waste can contain rapidly fermentable carbohydrates, proteins and lipids, creating high oxygen
demand and risk of acidification during early decomposition.

These differences imply that the same apparent dose per tonne may not produce the same effective biological
intensity. A low-density fibrous feedstock has greater internal air space and surface characteristics than a dense slurry-
derived material; similarly, a high-protein waste may release ammoniacal nitrogen more rapidly than a carbon-rich
residue. NovaZyra™ customisation should therefore consider not only nominal mass but the chemical and physical
environment encountered by the formulation. Feedstock analysis before large trials is consequently part of the
technology itself rather than an optional laboratory exercise.
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Mechanistic studies can eventually test whether different NovaZyra™ formulations or application protocols
preferentially alter specific enzyme activities or microbial guilds. Until such data are available, formulation adaptation
should be described operationally rather than through unsupported molecular claims. The practical research goal is to
identify robust operating windows for each major feedstock class and determine whether the approximately 12-day
target can be reproduced within those windows.

D* = f(S, MC, C:N, pH, Mb) (2)

Parameter Definitions:

o D* = Optimum NovaZyra™ application dosage/operational condition

o S: Substrate composition (lignocellulosic matrix, particle size distribution, structural complexity)
o MC: Moisture content (%)

o C:N: Carbon-to-nitrogen ratio

o pH: Initial hydrogen ion activity/acidity profile

o Mb = microbial biomass

3. Proposed Methodology for Direct NovaZyra™ Validation
3.1 Study design

Each feedstock should be evaluated prospectively using matched untreated control and NovaZyra™ treatment groups.
Where practical, at least three independent biological replicates per group are recommended. Treatment and control
should be matched for source material, initial mass, moisture, C:N ratio, pile geometry, aeration, turning, water
addition, sampling frequency and ambient exposure. The principal planned difference should be the presence or
absence of NovaZyra™,

3.2 Trial phases and replication strategy

A phased design is recommended so that dose, process conditions and scale are not varied simultaneously. Phase A
should be a small controlled feasibility trial comparing untreated control material with the proposed standard
NovaZyra™ dose. Phase B should examine dose-response around that level, for example 0.5D, 1.0D and 1.5D. Phase
C should repeat the preferred condition with independent biological replicates, and Phase D should transfer the
protocol to a pilot or field scale. This sequence reduces the risk of interpreting a scale effect as a formulation effect.

Replication is essential because manure and mixed organic wastes are heterogeneous. Where practical, at least three
independent treatment units and three controls should be used for confirmatory studies. Technical replicate laboratory
measurements improve analytical precision but do not substitute for independent biological replicate piles or reactors.
When operational constraints permit only a single large treatment pile, the result should be described as a
demonstration rather than a statistically replicated efficacy trial.

Ho: pe = pc versus Ha: e #pec - (3)
Where:

Ho = null hypothesis

H., = alternative hypothesis

L = mean response of the NovaZyra™-treated group

uc = mean response of the matched untreated control group

The recommended matched treatment-control configuration for direct NovaZyra™ validation is summarised in Table
2.
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Table 2. Recommended matched treatment-control validation design.

Parameter Control NovaZyra™ treatment
Feedstock source Same Same

Starting mass Matched Matched

Initial moisture / C:N Matched Matched

Pile geometry / aeration / Matched Matched

turning

Added water Matched Matched

NovaZyra™ No Yes

Sampling schedule / laboratory Same Same

methods

Figure 3 shows the homogenised feedstock being divided into control and treatment groups.

Single homogenized feedstock batch |

CONTROL:
4B No NovaZyra™ |

[

CONTROL - Matched ’ TREATMENT - Matched

~ matched management: ' ~ Matched management: |
moisture * aeration « turning * sampling moisture « aeration * turning * sampling

O (6 & % =

Comparative Analysis: Parameters and Metrics
Compare: time to maturity * NPK « mass balance * Gl * pathogens * yield

2 W S %S

Figure 3. Proposed controlled experimental design for direct NovaZyra™ validation. A homogenised feedstock is
divided into matched control and treatment groups so that differences in time to maturity and quality can be
attributed more confidently to the intervention.

3.3 Feedstock characterisation and application

Baseline characterisation should include feedstock type and source, initial wet mass, moisture, pH, electrical
conductivity, organic matter or organic carbon, total N, P, K and C:N ratio. Advanced studies may add cellulose,
hemicellulose, lignin, protein, lipid, ammonium-N, nitrate-N, heavy metals, veterinary-drug residues and microbial-
community analysis.

NovaZyra™ dose should be measured accurately and reported relative to clearly stated wet or dry feedstock mass.
Where dilution water is used to facilitate even distribution, that water must be included in the moisture balance.
Uniform application should be achieved by progressive spreading, spraying and mixing, with application time,
dilution volume and mixing procedure recorded.
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D=VNZ/MF (4)
where:

D =dose
VNZ = volume of NovaZyra™ concentrate
MF = referenced feedstock mass

3.4 Process monitoring and analytical endpoints

Temperature should be recorded daily at multiple locations and depths where pile size permits. Moisture, pH and EC
should be measured periodically. Samples should be collected on a predefined schedule, for example Day 0, Day 3,
Day 7, Day 10 and Day 12, with later sampling if the predefined maturity criterion has not been reached. Composite
sampling from multiple locations is preferred over a single surface sample.

3.5 Sampling representativeness and chain of custody

Sampling design is a major determinant of data quality because nutrient concentrations, moisture and microbial
activity can vary between the centre and edge of a pile and between coarse and fine fractions. Each time point should
therefore use a predefined composite-sampling procedure. Multiple increments should be collected from spatially
distributed positions and, where feasible, different depths. These increments should be combined and homogenised
before a laboratory sub-sample is produced. The same procedure must be applied to treatment and control batches.

The sampling record should identify batch, treatment status, date, time, operator, pile location, depth and any recent
turning or water addition. Samples requiring microbiological analysis should be placed in suitable sterile containers
and transported under the conditions specified by the analytical laboratory. For high-value international trials, a
documented chain of custody is desirable from field collection through laboratory receipt. This is especially important
when results may later support regulatory, investor or large-customer due diligence.

Core analytical endpoints should include total nitrogen, phosphorus, potassium, organic matter or organic carbon, pH,
EC, C:N ratio, germination index and relevant pathogen indicators. Ammonium-N and nitrate-N are strongly
recommended when feasible. Starting and final wet and dry masses should be measured so that nutrient concentration
changes can be distinguished from true retention.

NRN (%) = (CN,f x DMf) / (CN,0 x DMO0) x 100 (5)
YDM (%) = DMf/ DMO x 100 (6)
Where:

NRN = nitrogen retention, expressed as a percentage

CN.,f = final nitrogen concentration in the treated feedstock or compost
CN,0 = initial nitrogen concentration in the feedstock

DMT = final dry matter mass

DMO = initial dry matter mass

YDM = dry matter yield, expressed as a percentage

f = final condition

0 = initial condition

Equation (5) expresses nitrogen retention on a dry-matter basis; analogous calculations apply to P and K. Equation (6)
expresses dry-matter yield. These calculations are essential because increasing nutrient percentage can arise from
water and carbon loss without any increase in absolute nutrient mass.

The corresponding mass- and nutrient-balance framework, distinguishing true nutrient retention from concentration
effects caused by water and organic-matter losses, is presented in Figure 4.
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M = wet mass

DM = dry mass

subscript 0 = initial

subscript f = final

C = nutrient concentration

D = NovaZyra dose

Vyz = volume of NovaZyra concentrate
Miodstock = feedstock mass basis

Initial feedstock Composting process Final compost
Wet mass (M;) > Water loss > Wet mass (M¢)
Dry mass (DM,) CO, loss Dry mass (DMy)

No. Po. Ko N transformations Ny, Py, K¢
NovaZyra intervention

Dose: D = Viz / Myerdatok
Applied relative to feedstock mass

Cf X DMf x
C, x DM,

where C denotes nutrient concentration

Nutrient retention (%) = 100

Dry-matter yield (%) = DM« 100

Concentration increase # nutrient generation

Figure 4. Mass and nutrient balance framework. Initial and final dry mass and nutrient concentration should be
measured simultaneously to distinguish nutrient retention from concentration effects caused by water and organic-
matter losses.

3.6 Maturity, safety and primary outcome

The primary endpoint should be time required to reach predefined compost maturity relative to the untreated control.
Maturity should be based on multiple indicators, preferably temperature stabilisation, C:N ratio, ammonium/nitrate
behaviour, germination index and at least one stability measure. Visual appearance and odour can support but should
not replace analytical criteria. Microbiological safety should be evaluated directly using E. coli or an accepted faecal
indicator and Salmonella spp. where relevant to intended use and jurisdiction.

3.7 Secondary quality and environmental endpoints

A short process is commercially attractive only if final-product quality remains acceptable. Secondary endpoints
should therefore include finished compost yield, organic-matter reduction, total and available nutrients where
appropriate, pH, electrical conductivity, C:N ratio, odour and selected pathogen indicators. For advanced trials,
ammonia, methane and nitrous oxide may be measured to determine whether accelerated microbial activity shifts the
environmental emission profile [18-20].

Agronomic validation should ultimately extend beyond chemical composition. Germination index provides an
inexpensive first biological screen, but plant-growth studies can evaluate whether compost produced under
accelerated conditions supports biomass accumulation, root development and nutrient uptake. Where the product is
intended for repeated agricultural application, longer-term soil responses such as organic-carbon accumulation,
salinity, microbiome effects and contaminant behaviour become increasingly relevant.
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TR (%) = (tC —tNZ) / tC x 100 (7)
Where:

TR = reduction in composting time, expressed as a percentage
tC = time required by the control to reach the predefined maturity endpoint
tNZ = time required by the NovaZyra™-treated material to reach the same predefined maturity endpoint

This formulation permits the approximately 12-day objective to be tested against a matched reference process rather
than treated as an isolated calendar claim.

3.8 Statistical analysis and data integrity

Continuous variables should be summarised using means, dispersion measures and confidence intervals where
replication allows. Repeated measurements can be analysed using treatment, time and treatmentxtime effects. Effect
sizes should accompany p-values. All predefined endpoints, including neutral or unfavourable outcomes, should be
retained. Trial records should preserve batch identification, product batch, dose, dilution, feedstock baseline,
temperature, moisture, turning, water additions, photographs, laboratory certificates, raw analytical values, deviations
and final mass.

3.9 Standardised trial-reporting template

Each NovaZyra™ trial should generate a standardised report with five parts. Part A should define site, feedstock,
batch size, baseline chemistry and environmental conditions. Part B should document formulation batch, dose,
dilution, application technique and process-management events. Part C should present treatment and control time-
series data, including temperature, moisture, turning and sampling. Part D should provide laboratory results with
units, analytical methods and laboratory identification. Part E should state the predefined maturity decision,
deviations, statistical analysis and final interpretation. This format would allow independent readers to reconstruct the
trial and would simplify comparison across sites.

Photographic records should be standardised as far as possible. Images should include date, batch identification and
consistent views of the composting material, while avoiding reliance on photography as a substitute for analytical
endpoints. Where trial sites use electronic temperature probes or data loggers, raw exports should be retained in
addition to summary graphs. If manual readings are used, the position and depth of each measurement should be
defined in the protocol. Comparable documentation of the control is essential because treatment-only records cannot
establish acceleration.

Deviations should be treated as data rather than hidden operational inconveniences. Rainfall, unexpected water
addition, equipment failure, turning delays, feedstock additions, contamination or temperature-probe failures can
materially alter biological performance. Recording these events allows later analysis to determine whether an
anomalous result reflects the technology, the process environment or the measurement system. A transparent
deviation log is therefore part of scientific quality assurance.

3.10 Mechanistic validation tier

Once direct acceleration has been demonstrated, a second tier of experiments should investigate how NovaZyra™
produces the observed response. These studies need not precede initial commercial pilots, but they will be important
for strengthening mechanistic understanding and supporting rational formulation improvement. Candidate endpoints
include extracellular enzyme activities, microbial-community composition, ammonification and nitrification
dynamics, dissolved organic carbon, humic and fulvic fractions, respiration rate and selected metabolomic or
spectroscopic indicators of stabilisation.

The mechanistic tier should retain the same matched treatment-control philosophy as the efficacy tier. A difference in
enzyme activity, for example, is meaningful only if sampling time, temperature and substrate condition are
comparable. Because microbial communities change rapidly during composting, sampling should be aligned to both
chronological time and process phase. Day 3 in an accelerated treatment may correspond biologically to a much later
stage in the control; interpreting communities solely by calendar day could therefore be misleading. A phase-aware
analysis may compare mesophilic, thermophilic, cooling and mature states in addition to fixed time points.
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Mechanistic data should also be used cautiously in causal interpretation. If treatment is associated with increased
cellulase activity and faster maturity, this does not by itself prove that cellulase caused the acceleration. Multiple
pathways may operate simultaneously, and some measured changes may be consequences rather than drivers of faster
decomposition. The most convincing evidence would combine temporal sequence, dose-response, repeated
observations and, where feasible, targeted perturbation of suspected pathways. Until then, mechanistic statements
should be expressed as supported associations or hypotheses rather than definitive molecular explanations.

A useful long-term objective is to derive a feedstock-response map linking measurable starting characteristics to
preferred formulation and process settings. Such a model could progressively incorporate C:N ratio, moisture,
organic-matter fractions, lignocellulosic burden, pH, salinity and baseline microbial characteristics. The purpose
would not be to disclose proprietary formulation composition, but to make application selection more systematic and
to reduce the number of empirical trial cycles required when NovaZyra™ is introduced to a new waste stream.

4. Quantitative Performance Framework

4.1 Primary and secondary metrics

The most important metric is reduction in time to defined maturity. Secondary metrics include thermophilic onset and
duration, organic-matter reduction, dry-matter loss, final compost yield, N/P/K retention, pH, EC, germination index,
pathogen status, odour and, in advanced studies, NHs, CH4 and N2O emissions.

4.2 Benchmarking the approximately 12-day target

For the current technology, approximately 12 days should be treated as the principal benchmark rather than an
unconditional specification. A trial meets the primary target when the NovaZyra™ treatment reaches the predefined
maturity endpoint by approximately Day 12 and does so materially earlier than the matched untreated control. If the
control itself matures within a similar interval, the result would not support a meaningful acceleration claim even if
the treated batch also completes by Day 12.

Conversely, a treated batch requiring 14 or 15 days could still demonstrate a scientifically important effect if the
matched control requires substantially longer, although it would not meet the strict approximately 12-day target for
that feedstock. Reporting both absolute time and relative acceleration avoids selective interpretation. A useful result
statement should therefore include treatment maturity time, control maturity time, percentage reduction, uncertainty
and the exact maturity criteria applied.

The benchmark should also be feedstock-specific. A formulation and process that achieve the target with poultry
manure cannot be assumed to achieve the same result with pig manure or fibrous crop residues. Each major feedstock
should therefore have its own validated operating window, including dose, moisture range, aeration or turning regime
and maturity specification.

Bacterial and fungal communities differ in their metabolic roles during composting [21]. Biochar-assisted systems
have shown altered nitrifying and denitrifying bacterial communities [22]. More recent work links microbial
necromass to humification [23], and carbon-containing amendments can change phosphorus flow through interactions
with humification and bacterial communities [24]. Microbial culture can also alter compost maturity and gaseous
emissions [18]. Odour-related compounds respond to compost physicochemistry and microbial dynamics [25], while
antibiotic removal and resistance-gene behaviour may not move in parallel [26]. These studies justify a
multidimensional rather than single-metric evaluation of NovaZyra™,

The principal efficacy, quality, safety and environmental performance metrics proposed for NovaZyra™ evaluation
are summarised in Table 3.

Table 3. Core NovaZyra™ performance matrix.

Domain Core metric Preferred comparison
Acceleration Time to defined maturity NovaZyra™ vs control
Thermal response Onset, peak and duration NovaZyra™ vs control
Decomposition Organic-matter and dry-mass reduction NovaZyra™ vs control
Nutrients N, P and K retention NovaZyra™ vs control
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Maturity GI, C:N ratio, NH4"/NOs~ and stability NovaZyra™ vs control

Safety Pathogen indicators Threshold compliance + control
Yield Finished compost relative to initial feedstock ~Absolute + comparative
Environment Odour; NHs, CH4 and N20 (advanced) NovaZyra™ vs control

4.3 Interpretation boundary

At the current stage, these outcomes are testable NovaZyra™ hypotheses rather than predetermined results. The paper
therefore distinguishes established composting science, NovaZyra-specific mechanistic hypotheses, and direct
NovaZyra experimental results. Only the third category should support definitive technology-performance claims.

4.4 Decision thresholds and claim language

Performance claims should be tiered according to the strength of evidence. A single pilot may justify language such as
“observed in one controlled pilot”. Replicated trials at one site may support “reproducibly observed under the stated
conditions”. Independent multi-site confirmation can support broader feedstock-specific claims.

The same principle applies to nutrient, pathogen, odour and environmental claims. For example, an increase in
measured nitrogen percentage should not be described as nitrogen generation; it may reflect dry-matter loss and
concentration. A pathogen claim should state the organism, analytical method and reduction or compliance threshold.
An odour claim should specify whether it is based on instrumental measurement, olfactometry or a standardised field
score. Precise claim language is therefore necessary to maintain clear correspondence between measured outcomes
and stated technology performance.

4.5 Integrated interpretation of efficacy, quality and safety

A multidimensional technology requires a multidimensional decision rule. The primary outcome remains time to
maturity, but a short process should not be classified as successful if it produces unacceptable pathogen results,
excessive salinity, poor germination or severe nutrient loss. Conversely, modest acceleration accompanied by
markedly improved nutrient retention or reduced odour may have practical value even if the strict approximately 12-
day target is not met. The complete interpretation should therefore present efficacy, quality and safety in parallel
rather than collapsing them into a single score.

A simple traffic-light framework may be useful for summarising multidimensional performance without creating a
proprietary numerical index. Green would indicate that the predefined criterion is satisfied, amber that the response is
improved but remains outside the target, and red that the criterion is not met or is worse than control. Applied to
maturity time, nutrient retention, germination index, pathogen status and compost yield, such a framework would
make technical summaries accessible while leaving the underlying quantitative values visible. Any graphical
summary should remain secondary to the raw measurements and statistical results.

The approximately 12-day claim should occupy a special position within this framework because it is the defining
NovaZyra™ performance target. It should be assessed against a clearly stated tolerance window and maturity
definition. For example, a study protocol may prospectively define success as achievement of all maturity criteria by
Day 12 + a limited operational tolerance, provided the matched control has not already achieved the same endpoint.
The tolerance should be specified before results are known to avoid retrospective adjustment.

4.6 Uncertainty, effect size and statistical interpretation

Statistical significance alone should not determine whether a NovaZyra™ result is meaningful. A small difference can
become statistically significant in a large experiment without being operationally important, while a large acceleration
may fail to reach conventional significance in a small pilot because of limited replication. Each study should therefore
report the magnitude of the treatment effect, confidence intervals and practical relevance alongside p-values. For the
primary endpoint, the absolute difference in days and the percentage reduction in time to maturity are likely to be
more intuitive than a significance test alone.
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Uncertainty can arise from several sources: heterogeneity of feedstock, sampling error, analytical measurement
uncertainty, environmental variation and differences among replicate piles. These sources should be separated where
possible. Laboratory duplicate analyses address analytical precision, whereas replicate piles address biological and
process variability. Increasing the number of samples from one pile cannot substitute for independent treatment units
when the research question concerns reproducibility of the composting process.

Where repeated time-series measurements are available, mixed-effects models can account for correlation within the
same pile and allow treatment-by-time interactions to be examined. Time-to-event methods may also be considered
when maturity is defined as the first day on which a set of criteria is satisfied. Whatever model is selected, it should be
chosen before inspecting the final outcome where practical. Exploratory analyses can still be performed, but they
should be labelled as such rather than presented as preplanned confirmatory tests.

For early field demonstrations with limited replication, descriptive transparency is preferable to overstated statistical
certainty. Showing the complete treatment and control trajectories, exact laboratory values and process deviations can
be more informative than forcing underpowered significance tests. As the evidence base grows, pooled analysis across
comparable trials may provide stronger estimates of average effect and feedstock-specific variability.

5. Discussion

5.1 Scientific plausibility and the approximately 12-day target

The literature supports the biological plausibility of accelerated bio-enzymatic composting. Vermiwash inoculation
has been reported to accelerate chicken-manure maturation while improving selected maturity and nutrient indicators
[27]. Other interventions can influence humification and microbial communities [28]. Such studies do not validate
NovaZyra™, but they demonstrate that meaningful acceleration of composting biology is feasible.

NovaZyra™ differs from a generic acceleration claim in that approximately 12 days is defined here as a specific
validation target. Earlier related institutional work by the same inventor reportedly produced composting within
approximately 7-12 days; however, those historical data are intentionally not reproduced or treated as current
NovaZyra evidence. The present scientific task is therefore to determine whether the current formulation reproducibly
reaches objective maturity at or near 12 days under defined feedstock conditions.

5.2 Relationship between prior institutional experience and current validation

The earlier related institutional programme is scientifically relevant because it demonstrates that the approximately
12-day objective did not arise solely as a recent marketing target. The inventor’s earlier work on a related bio-
enzymatic composting approach was subjected to an extended institutional process-development programme, and that
work reported composting within approximately 7—12 days under the investigated conditions. The present manuscript
intentionally does not reproduce the detailed historical data, identify confidential formulation details or treat that
earlier programme as a current NovaZyra™ efficacy study.

This separation is important for both scientific and intellectual-property reasons. Professional knowledge accumulated
through earlier research can legitimately inform subsequent hypothesis development, while proprietary datasets,
commissioned reports and employer-owned materials may carry separate rights. The current NovaZyra™ programme
therefore uses the earlier 7-12-day observation as historical context for the development target but requires new
evidence generated with the present formulation before technology-specific claims are made. A separate historical or
technical publication could examine the earlier programme only where the relevant publication and IP rights are clear.

5.3 Nutrient retention and environmental trade-offs

Nitrogen retention should be treated as a principal performance criterion because accelerated decomposition can
increase the risk of ammonia loss. Biochar studies have demonstrated reduced nitrogen loss during poultry-litter
composting [29], while carbon-based microbial inoculants can influence nitrogen retention and odour emissions [19].
Bamboo biochar has also been associated with changes in greenhouse-gas emissions and nitrogen loss [20]. These
findings show why acceleration must be evaluated together with nutrient conservation and emissions.

5.4 Feedstock specificity, dose and oxygen transfer

The most effective biological dose is unlikely to be universal. Substrate protein, lipid, lignocellulose, pH, moisture
and resident microbiota all influence functional response. Dose-response testing should therefore accompany
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movement into new feedstocks. Similarly, increased microbial activity increases oxygen demand; a biological
intervention cannot compensate indefinitely for inadequate porosity, mixing or aeration. Commercial scale-up must
treat oxygen-transfer capacity as a potential limiting factor.

5.5 Current international field evaluation

The ongoing international field programme represents an important next step in converting prior laboratory, field and
institutional performance observations into harmonised, directly comparable NovaZyra™-specific evidence. Samples
of the current formulation have already been exported for trials in multiple countries. Such geographically distributed
evaluation has substantial scientific value because feedstock characteristics, climate, composting infrastructure,
operator practice and regulatory expectations vary across locations. Demonstration of a consistent core performance
pattern across these differing conditions would materially strengthen confidence in the robustness and transferability
of the platform.

The international trials should therefore be harmonised sufficiently to permit meaningful cross-site comparison. A
common minimum dataset should include feedstock description, initial mass, moisture content, NovaZyra™ dose and
dilution, treatment and control configuration, turning or aeration regime, daily temperature profile, sampling dates,
final wet and dry mass, NPK, organic matter or organic carbon, pH, electrical conductivity, germination index and
relevant pathogen indicators. Site-specific parameters may be added where required, but the core analytical
framework should remain consistent across countries.

Where practical, the trials should also incorporate matched untreated controls, predefined maturity criteria,
representative composite sampling, documented chain of custody and independent laboratory analysis. These
measures will allow existing practical performance experience to be translated into datasets that are directly suitable
for scientific comparison, statistical analysis and subsequent publication.

Well-documented international trials can subsequently provide the basis for feedstock-specific experimental studies,
followed by multi-site, mechanistic and scale-up analyses. This would create a coherent publication sequence in
which the present paper establishes the scientific and methodological basis of NovaZyra™, followed by feedstock-
specific controlled validation studies and, subsequently, multi-site, mechanistic and scale-up analyses.

5.6 Scientific identity, trademark use and publication continuity

NovaZyra™ is also in the process of trademark protection, and scientific publication can contribute to a clear public
record of the name as the identifier of a specific technology platform. This function should remain secondary to the
scientific purpose of the paper. The manuscript should not suggest that publication itself establishes trademark
registration or proves technical efficacy. Instead, consistent use of the NovaZyra™ name, inventor attribution and
technology definition helps distinguish the platform from generic bio-enzymatic composting while preserving a dated
scientific description of its intended scope.

The strongest long-term scientific identity will arise from continuity across publications. The present framework
article defines the terminology, approximately 12-day target, mechanistic hypotheses and validation rules. Subsequent
papers can then use the same definitions while adding treatment-specific data. This avoids changing performance
criteria from one study to another and creates a cumulative evidence architecture in which later results can be
interpreted against a stable original framework.

Care should also be taken not to overuse proprietary naming within purely mechanistic sections. The technology name
is appropriate when discussing the platform, protocol or hypothesis, whereas general microbiological mechanisms
should remain described in standard scientific terminology. This balance will make the paper more acceptable to
reviewers and reduce the appearance of promotional writing.

5.7 Reproducibility and evidence hierarchy

A single successful batch demonstrates feasibility, not reproducibility. The strongest evidence progression is single
controlled trial — replicated trial — independent trial — multi-site reproducibility — commercial-scale validation.
The international NovaZyra™ trials currently underway are therefore scientifically useful only to the extent that they
preserve treatment-control comparability, objective sampling and independent analysis.
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Performance claims should correspond directly to measured endpoints. A statement such as “NovaZyra™ reduced
time to predefined maturity by X% relative to control” is more defensible than a universal claim that all organic
wastes compost within 12 days. The approximately 12-day USP should remain prominent, but its final wording
should be feedstock-specific and evidence-linked.

6. Environmental, Agronomic and Circular-Economy Implications

Accelerated processing may increase throughput by reducing residence time, but speed does not automatically imply
lower environmental impact. A recent life-cycle analysis of poultry-manure valorisation showed that faster treatment
can carry higher impacts when acceleration depends heavily on energy input [30]. Odour and nitrogen losses can also
be altered by process configuration; combined biochar and biotrickling-filter treatment has demonstrated
deodorisation and nitrogen-retention effects [31], and biochar has been shown to reduce volatile organic compounds
during chicken-manure composting [32].

6.1 Environmental safeguards in accelerated systems

Acceleration may shift rather than eliminate environmental burdens. Higher metabolic activity can increase short-term
oxygen demand and ammonia generation, while inadequate aeration can create methane-producing anaerobic
microsites. Conversely, shortening the overall active period may reduce the duration of odour and storage-related
emissions. The direction of the net effect cannot be inferred from process time alone and should be measured at pilot
scale.

For advanced studies, the environmental assessment should record electricity or fuel used for aeration and turning,
water addition, ammonia, methane, nitrous oxide and leachate where relevant. Expressing these impacts per tonne of
incoming feedstock and per tonne of finished compost would permit comparison with conventional processing.
Recent life-cycle work on manure valorisation [30] illustrates why a fast process can still have a higher environmental
footprint if acceleration depends on energy-intensive operation.

6.2 Throughput, infrastructure and finished-product yield

The economic consequence of shorter residence time can be substantial even when the biological formulation
represents only a small part of total operating cost. For a fixed composting area or reactor volume, more batches can
be processed per year if each batch reaches the required endpoint earlier. This may reduce the inventory of untreated
manure, improve site hygiene and allow smaller active-processing footprints for a given annual tonnage. These
advantages should be quantified rather than assumed.

Finished-product yield is equally important. One tonne of raw organic waste does not generally produce one tonne of
finished compost because water evaporates and biodegradable carbon is converted partly to CO.. Commercial
projections must therefore use measured wet- and dry-matter yields. A future NovaZyra™ dataset should report the
tonnes of mature compost obtained per tonne of feedstock, alongside moisture-normalised dry-matter recovery. This
measure will be necessary for realistic pricing, logistics and fertiliser-value calculations.

Heavy metals are not biologically destroyed during composting. Their speciation and bioavailability may change as
humification proceeds [33], while microbial communities and dissolved organic matter can contribute to adsorption
and immobilisation processes [34]. Combined amendments may simultaneously influence ammonia loss, metal
immobilisation and organic contaminants [35]. Horizontal gene transfer is also relevant to antibiotic-resistance-gene
profiles [36]. Process conditions that regulate denitrification may influence both pollution risk and humic-substance
formation [37].

The environmental objective for NovaZyra™ is therefore not maximum speed alone, but accelerated production of
safe, stable, nutrient-retaining compost with acceptable energy, water and emission burdens. Later-stage agronomic
validation should include plant response, nutrient uptake and soil effects.

6.3 Agronomic value and soil application

The final agronomic value of accelerated compost depends on more than NPK concentration. Mature organic matter
can contribute to soil structure, water-holding capacity, cation exchange and microbial habitat, while excessive
salinity or immature nitrogen forms can impair crop response. The NovaZyra™ programme should therefore avoid
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defining product quality through nutrient concentration alone. A balanced specification should combine nutrient
content, organic carbon, C:N ratio, pH, electrical conductivity, maturity, pathogen status and contaminant limits.

Controlled pot or field trials should follow process validation once reliable compost can be produced. These studies
can compare NovaZyra-derived compost with conventional compost and, where appropriate, untreated or mineral-
fertiliser controls. Crop biomass, yield, nutrient uptake, root development and soil organic carbon would provide
direct evidence of agronomic performance. Long-term application studies would be required before claims regarding
persistent soil-health or carbon-sequestration benefits are made.

6.4 Commercial translation and resource-efficiency metrics

Commercial translation should be based on resource-efficiency metrics rather than processing speed alone. Useful
indicators include litres of NovaZyra™ required per tonne of feedstock, water added per tonne, labour or machine-
turning hours, electricity used for forced aeration where applicable, finished compost yield, time to maturity and the
number of processing cycles achievable per year. Together, these variables determine whether biological acceleration
produces a meaningful economic advantage at the facility level.

The approximately 12-day target could have particular value for high-throughput livestock or municipal operations
where space and residence time constrain capacity. If a conventional process occupies a windrow or reactor for
several times longer, reducing active residence time may increase annual throughput without proportionally
expanding infrastructure. However, the economic calculation must account for curing requirements, storage of
finished compost, sampling and laboratory costs, and any additional process-control equipment required to maintain
the accelerated regime.

A later techno-economic analysis should therefore compare a NovaZyra™ process with the existing treatment used at
the same site. Capital costs, operating costs, waste throughput, product yield, product value and avoided disposal or
storage costs should be included. The result should be presented on a per-tonne basis and, where relevant, as cost per
tonne of marketable finished compost. Such analysis would provide a more credible commercial basis than simply
multiplying a laboratory dose by annual waste tonnage.

7. Scale-Up, Quality Assurance and Standards

7.1 Progressive scale-up

Biological systems should not be assumed to scale linearly. Pilot-scale manure and food-waste composting studies
illustrate that heat retention, oxygen transfer, mixing, moisture gradients and pile geometry change with scale [38,39].
NovaZyra™ should therefore progress from laboratory/dose confirmation to pilot validation, demonstration scale and
then commercial protocol only after predefined criteria are met.

7.2 Harmonisation of multi-country trials

Because NovaZyra™ is already undergoing international evaluation, data harmonisation should be treated as part of
the technology-development strategy. A standard master protocol should define the minimum treatment-control
structure, dosing record, sample nomenclature, temperature and moisture measurements, core laboratory analyses and
reporting units. Local investigators can then add parameters needed for their specific feedstock or jurisdiction without
compromising cross-site comparability.

A central data dictionary should specify whether measurements are reported on wet or dry basis, the analytical units
used, how composite samples are prepared and how “Day 0 and “maturity” are defined. Without such harmonisation,
technically valid trials may still be difficult to combine because different sites use incompatible definitions or
methods. This issue becomes especially important when future claims are based on pooled multi-country evidence.

The resulting staged validation pathway, from feedstock characterisation and dose optimisation through controlled
validation, independent analysis, replication and commercial-scale protocol development, is summarised in Figure 5.
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Figure 5. Proposed NovaZyra™ validation pathway from feedstock characterisation and dose optimisation to
matched control studies, independent analysis, replication, multi-site validation and commercial protocol.

The proposed progression from laboratory evaluation through pilot, demonstration and commercial scale, with
advancement conditional on predefined efficacy, quality, safety and reproducibility criteria, is illustrated in Figure 6.
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Figure 6. Progressive NovaZyra™ scale-up framework. Advancement to the next scale should follow demonstrated
efficacy, quality, safety and reproducibility at the preceding stage.

7.3 Sampling and laboratory quality

Representative sampling is critical because manure and compost are heterogeneous. Manure-sampling research
demonstrates the importance of mixing and multiple increments [40]. ISO 14820-1 provides principles for sampling
fertilisers and liming materials [41], ISO 14820-3 addresses static heaps [42], and ISO 14820-2 addresses laboratory
sample preparation [43]. These standards are not universally compost-specific but provide useful quality principles
when applied within their stated scope.

Major validation analyses should preferably be undertaken by competent laboratories operating under ISO/IEC 17025
for the relevant analytical scope [44]. Where nitrogen forms are measured, ISO 15604 provides recognised fertiliser
methods for several nitrogen forms [45]. Regulatory classification remains separate from scientific efficacy; for
example, EU Regulation 2019/1009 establishes requirements for fertilising products placed on the EU market [46].

7.4 Data governance, auditability and publication readiness

Every trial intended to contribute to the NovaZyra™ evidence base should be auditable from the final result back to
the original sample and batch. Raw temperature logs, weighing records, photographs, dilution records, laboratory
certificates and deviations should therefore be retained in a structured trial file. Data cleaning or exclusion rules
should be documented, and no unfavourable predefined endpoint should be omitted simply because it does not
support the expected result.

Publication readiness should be considered before trials begin. Assigning unique batch identifiers, maintaining
version-controlled protocols and preserving laboratory raw reports will make later manuscript preparation
substantially easier. When possible, statistical analysis plans should also be specified prospectively. This approach
strengthens scientific credibility and protects against retrospective selection of favourable metrics.

7.5 Independent verification and inter-laboratory comparability

Independent verification becomes increasingly important as claims move from internal development to external
commercial use. Early exploratory trials may legitimately use internal process measurements, but major claims should
be supported by laboratories that are independent of the technology provider and competent for the relevant analyses.
Where different countries use different laboratories, common reference methods and reporting units should be
selected wherever possible so that results can be compared without extensive conversion or reinterpretation.
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Inter-laboratory variability should also be recognised. Total nitrogen, available nitrogen, organic carbon, pathogen
counts and germination testing may differ if laboratories use different sample preparation or extraction procedures.
The master protocol should therefore specify the preferred analytical method or at minimum require each laboratory
to state its method clearly. If multi-site results are ultimately pooled, method differences should be considered in the
statistical model rather than assumed to be negligible.

For especially important commercial demonstrations, duplicate split samples may be retained or sent to a second
laboratory. This is not necessary for every routine trial, but it can strengthen confidence where a result is unusually
large or where regulatory or investor decisions depend on the measurement. Archived samples, where analytes remain
stable, can also permit later re-analysis if questions arise.

7.6 Regulatory translation and product-positioning considerations

The regulatory pathway for NovaZyra™ may involve two distinct questions: regulation of the technology or
formulation itself, and regulation of the finished compost or fertilising product produced using it. These should not be
conflated. A process aid, microbial product or bio-enzymatic formulation may be subject to one set of national
requirements, while the compost generated from a particular feedstock may need to satisfy separate standards for
pathogens, heavy metals, nutrient declaration, maturity and labelling. The applicable classification should therefore be
determined jurisdiction by jurisdiction.

The scientific validation protocol can support regulatory work by generating traceable information on dose, feedstock,
process control and final-product quality. However, a positive research outcome does not itself constitute marketing
authorisation. Where a jurisdiction requires registration, conformity assessment or specific analytical methods, the
validation study should be aligned with those requirements before the commercial trial begins. Doing so can prevent a
scientifically useful trial from becoming unusable for regulatory submission because the wrong sample type, method
or chain-of-custody procedure was employed.

For the European market, fertilising-product rules such as Regulation (EU) 2019/1009 provide an important reference
framework [46], although the precise route will depend on the product category, component materials and intended
claims. Other jurisdictions may use different definitions of compost, soil improver, fertiliser additive or microbial
product. TOL Biotech and local partners should therefore obtain jurisdiction-specific advice rather than assume that
one registration strategy can be transferred globally.

Trademark protection of the NovaZyra™ name should likewise remain conceptually separate from technical approval.
The trademark identifies the commercial and scientific technology platform, whereas regulatory acceptance concerns
whether the product and its use satisfy applicable legal requirements. Scientific publication can strengthen the
documented identity and provenance of the technology, but neither publication nor trademark filing substitutes for
feedstock-specific efficacy and regulatory evidence.

A high-value NovaZyra™ evidence package should therefore include a predefined protocol, matched treatment and
control, representative sampling, chain of custody, independent laboratory certificates, complete raw-data retention
and transparent statistical analysis.
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8. Limitations and Future Research

The available laboratory, field and institutional experience provides an empirical basis for the NovaZyra™
development programme and supports continued investigation of accelerated bio-enzymatic composting. The
approximately 12-day benchmark is therefore grounded in observed process performance rather than being a purely
theoretical development target.

The principal opportunity for the next phase of research is to convert this accumulated performance experience into a
harmonised, publication-grade evidence base. Future studies should apply prospectively defined sampling schedules,
matched treatment-control designs, biological replication, systematic temporal monitoring, independent laboratory
analysis and predefined maturity criteria. This will provide greater temporal resolution, statistical robustness and
inter-site comparability while preserving the practical knowledge established during earlier laboratory, field and
institutional evaluations.

8.1 Implications of the Current Evidence Base

The current evidence base supports the scientific progression of NovaZyra™ from demonstrated accelerated-
composting performance towards a more structured and quantitatively documented validation programme. Earlier
demonstrations were primarily directed towards establishing process feasibility and performance and were not
necessarily designed around daily or near-daily analytical sampling, matched longitudinal datasets or prospectively
defined statistical endpoints. The next phase should therefore focus on systematic documentation of the process
trajectory in addition to confirmation of the final maturity endpoint.

Compost maturity should remain a central validation endpoint because organic matter continues to undergo
biochemical transformation during stabilisation and curing [47]. Biological safety likewise requires direct verification.
Meta-analytical evidence indicates that aerobic composting can substantially reduce antibiotic-resistance genes and
mobile genetic elements, although the magnitude of reduction varies among composting systems [48].
Hyperthermophilic composting has also demonstrated high levels of resistome reduction under specific operating
conditions [49], while downstream studies indicate that manure-treatment history can influence longer-term
antibiotic-resistance profiles following soil application [50].

The key validation objective is therefore to characterise the conditions under which the current NovaZyra™
formulation reproducibly enables defined organic feedstocks to reach objective compost-maturity criteria at or near
approximately 12 days, relative to appropriately matched untreated controls, while maintaining acceptable nutrient
retention, dry-matter yield, product quality and biological safety. Subsequent research should extend this evidence
base to multi-feedstock transferability, mechanism of action, gaseous emissions, life-cycle environmental
performance, agronomic efficacy, scale-up behaviour and techno-economic viability.

8.2 Research Questions for Subsequent Experimental Studies

The next phase of NovaZyra™ research should be structured as a sequence of focused experimental studies rather
than a single study attempting to address all aspects of performance simultaneously. The first experimental paper
should examine a clearly defined primary question: whether the current NovaZyra™ formulation significantly reduces
the time required for a well-characterised feedstock to reach predefined compost-maturity criteria relative to a
matched untreated control.

A subsequent study should investigate dose-response behaviour and associated mechanistic indicators, including
changes in temperature profile, moisture dynamics, pH, oxygen demand, microbial activity and nutrient
transformation. Further studies can then address scale-up, reproducibility across different feedstocks and performance
under varied climatic and operational conditions. This staged approach will provide clearer experimental narratives,
more robust statistical interpretation and stronger evidence for each individual claim.

Key research questions should include:

. Is the approximately 12-day composting performance reproducible across independent batches and
experimental sites?
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. Does NovaZyra™ significantly reduce time to predefined compost maturity relative to conventional
or untreated controls?

. How does treatment affect nitrogen retention and other key nutrients during composting?

o Does dry-matter yield differ between NovaZyra™-treated and conventional composting systems?

o Are pathogen-reduction and biological-safety criteria achieved within the shortened composting
period?

. How does NovaZyra™ influence temperature evolution, moisture loss, pH, oxygen demand and other

indicators of biological activity?
. Does treatment alter odour generation or greenhouse-gas emissions during composting?

. Is the quality, stability and maturity of the final compost equivalent or superior to that produced
through conventional processing?

o Does NovaZyra™ improve or maintain the agronomic performance of the resulting compost when
applied to soil or crops?

. How consistent is treatment performance across different organic feedstocks, environmental
conditions and scales of operation?

These questions should be prioritised according to scientific significance, commercial relevance, regulatory
importance and practical measurement feasibility. Collectively, they provide a structured pathway for progressing
from controlled efficacy validation to mechanistic understanding, multi-site reproducibility and commercial-scale
assessment.

8.3 Boundaries of current claims

At the present stage of development, four categories of evidence should be distinguished clearly. First, established
principles from the broader composting literature provide the scientific foundation for the technology, including the
recognised roles of aeration, moisture, temperature, microbial succession, substrate composition and nutrient
transformation. Second, historical evidence from an earlier related institutional programme provides supporting
observations, including reported accelerated composting within approximately 7-12 days. Third, the current
NovaZyra™ development programme defines specific performance objectives, including reproducible achievement of
compost maturity at or near approximately 12 days under appropriate operating conditions. Fourth, direct evidence
generated with the current NovaZyra™ formulation through controlled laboratory, field and international validation
studies will progressively strengthen and quantify formulation-specific performance.

These categories should remain analytically distinct. Historical institutional observations may support the scientific
development pathway, but should not be presented as interchangeable with prospectively generated data from the
current formulation unless methodological equivalence has been established. Likewise, ongoing field evaluations
should be described according to their actual stage of completion, with results incorporated only after the
corresponding datasets have been analysed and validated.

Maintaining this distinction strengthens both scientific transparency and intellectual-property protection. The
development history of NovaZyra™ can be acknowledged without disclosure of confidential formulations, proprietary
datasets or protected process information. As additional experimental results become available, the evidentiary status
of individual claims should be updated explicitly and supported by the corresponding analytical data.
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This approach also provides clear criteria for scientific validation. The approximately 12-day composting performance
should be evaluated against predefined maturity endpoints and appropriately matched controls, together with nutrient
retention, dry-matter yield, product quality and biological-safety criteria. Failure to achieve one or more predefined
endpoints should be treated as scientifically informative, providing a basis for identifying feedstock limitations,
refining dosage, modifying operating conditions or optimising the formulation. Conversely, reproducible achievement
of these endpoints across independent batches and sites would progressively strengthen the evidence supporting
NovaZyra™.-specific performance.

9. Conclusions

NovaZyra™ is a proprietary bio-enzymatic composting technology conceived, named and developed by the author for
the accelerated biological conversion of manure and other biodegradable organic wastes. Its principal performance
benchmark is the achievement of stabilised, mature compost at or near approximately 12 days under suitable
feedstock and operating conditions. This benchmark is informed by earlier technical and institutional experience in
related bio-enzymatic composting systems and continues to be evaluated through structured studies using the current
NovaZyra™ formulation.

The scientific literature reviewed in this paper supports the biological plausibility of accelerated composting through
coordinated effects involving microbial activity, extracellular enzymes, substrate accessibility, aeration, moisture,
temperature and nutrient transformation. These established principles provide a mechanistic foundation for
NovaZyra™, while technology-specific performance must ultimately be defined and strengthened through direct
experimental evidence generated with the current formulation.

A central contribution of the present framework is therefore the definition of a rigorous validation pathway. The
approximately 12-day benchmark should not be interpreted solely as an elapsed-time claim. Scientifically meaningful
validation requires demonstration that a defined feedstock reaches predefined maturity and stability criteria at or near
this interval, does so materially earlier than an appropriately matched untreated control, and achieves this acceleration
without unacceptable compromise in nutrient retention, dry-matter yield, biological safety, compost quality or
agronomic suitability.

NovaZyra™ is consequently best regarded as a feedstock-adaptable bio-enzymatic process platform rather than as a
universal fixed-duration treatment. Differences in moisture, C:N ratio, substrate structure, lignocellulosic content,
nutrient profile, indigenous microbiota and process configuration are likely to influence both optimum dose and
treatment response. Feedstock-specific characterisation, dose optimisation and operating-window definition should
therefore remain integral components of the technology.

The strongest future evidence base will arise from harmonised, prospectively designed treatment-control studies
incorporating biological replication, representative sampling, documented chain of custody, independent laboratory
analysis, nutrient and dry-matter mass balance, objective maturity criteria and transparent statistical reporting. Current
international evaluations provide an important opportunity to strengthen this evidence base, particularly if a common
minimum dataset and predefined endpoints are maintained across sites.

Successful reproducible demonstration of the approximately 12-day maturity benchmark across independent batches,
representative feedstocks and multiple operating environments would provide a strong scientific foundation for
subsequent original research publications, mechanistic investigations, regulatory assessment, commercial-scale
deployment and continued technology development. Equally, outcomes that vary by feedstock, dose or operating
condition should be regarded as scientifically informative and used to refine the formulation and process protocol.

Ultimately, the scientific significance of NovaZyra™ will not depend on the numerical value of “12 days” alone, but
on demonstrating reproducibly what that interval represents in measurable biological, physicochemical, safety and
agronomic terms. In this form, accelerated composting becomes a testable and quantifiable technological proposition
supported by defined scientific criteria rather than merely a time-based performance statement.
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