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Executive Summary 
The Hempoxies concept, as articulated by Marie Seshat Landry, presents a visionary framework 
for a new class of materials engineered at the intersection of industrial utility, environmental 
restoration, and economic value. This report provides a comprehensive strategic plan to guide 
the development of the Hempoxies platform from its current conceptual stage (Technology 
Readiness Level 1-2) toward practical realization and commercial viability. The proposed 
material is a hierarchically reinforced, seven-component composite derived entirely from 
certified organic hemp. Its core innovations include a reprocessable bio-vitrimer matrix, a 
multi-pathway carbon-negative lifecycle, and a dual-use potential as both a high-performance 
industrial feedstock and a traceable, fungible economic asset. 
This analysis confirms that while the Hempoxies platform is ambitious, its foundational principles 
are grounded in emerging areas of materials science. The synthesis of each of the seven core 
components—from the epoxidized hemp oil matrix to the nano-, micro-, and macro-scale carbon 
reinforcements—is individually supported by current scientific literature. However, the successful 
integration of these components into a high-performance, circular material system presents 
significant, non-trivial challenges that must be addressed through a structured and rigorous 
research and development program. 
The most critical scientific hurdle lies in the proposed vitrimer chemistry. The concept 
hypothesizes that modified hemp hurd-derived lignin can act as a dynamic crosslinker, but 
current research indicates that raw lignin requires substantial chemical functionalization to 
achieve this role. Therefore, the project's initial and most crucial R&D phase must focus on 
developing a novel, green-chemistry-aligned process to modify hemp lignin for compatibility and 
reactivity within the epoxidized hemp oil matrix. A second profound risk is associated with the 
proposed sequestration of captured microplastics. While innovative, this application carries the 
potential for long-term leaching of toxic additives, which could undermine the material's 
environmental credentials and create a catastrophic failure of its Environmental, Social, and 
Governance (ESG) value proposition. 
This report outlines a multi-phase development roadmap situated within the strategic context of 
New Brunswick and Atlantic Canada. It leverages the region's existing strengths in hemp 
cultivation, advanced materials research at institutions like the University of New Brunswick, and 
a supportive ecosystem of government funding agencies such as the Atlantic Canada 
Opportunities Agency (ACOA), the New Brunswick Innovation Foundation (NBIF), and 
Sustainable Development Technology Canada (SDTC). The plan details a comprehensive 
experimental validation protocol based on ASTM and ISO standards, a market analysis 
benchmarking Hempoxies against incumbent materials in aerospace, construction, and 
electronics, and a funding strategy that aligns technical milestones with non-dilutive grants and 



venture capital. 
Ultimately, this document concludes that Hempoxies is a high-risk, high-reward endeavor. Its 
success hinges on solving fundamental chemistry challenges, transparently mitigating 
environmental risks through rigorous testing, and developing a robust digital traceability 
infrastructure to support its unique economic model. If these challenges are met, the Hempoxies 
platform has the potential to establish a new paradigm for materials that are not only sustainable 
but truly restorative, offering a powerful model for a circular economy. 

Section 1: Scientific Feasibility and Component-Level 
Analysis 
This section deconstructs the Hempoxies concept into its constituent parts, critically evaluating 
the scientific basis for each component and the synergistic system against the current state of 
the art in polymer chemistry and materials science. It identifies the key scientific gaps and 
foundational research required to validate the core principles of the platform. 

1.1 The Bio-Vitrimer Matrix: A Critical Review of Epoxidized Hemp Oil 
and Modified Lignin Chemistry 

The central innovation of the Hempoxies platform is its designed reprocessability and 
recyclability, which distinguishes it from conventional thermoset composites. This functionality is 
predicated on achieving vitrimer chemistry within the polymer matrix. Vitrimers are a class of 
polymers that form covalent adaptable networks (CANs), bridging the gap between permanently 
cross-linked thermosets and melt-processable thermoplastics. At operational temperatures, they 
exhibit the mechanical robustness of thermosets, but at elevated temperatures, thermally 
activated bond-exchange reactions allow the network topology to rearrange, enabling the 
material to be reshaped, repaired, or recycled without significant loss of properties. The 
scientific literature confirms the viability of creating vitrimers from bio-based feedstocks, 
particularly epoxidized vegetable oils (EVOs) and modified lignin, making this a promising but 
challenging area of research. 

1.1.1 Epoxidized Hemp Seed Oil (EHSO) as the Matrix Monomer 

The selection of epoxidized hemp seed oil as the primary polymer matrix is a scientifically sound 
starting point. Research into other EVOs, such as those derived from soybean, linseed, and 
rapeseed, has demonstrated their capability to serve as monomers for the development of 
sustainable bio-epoxy resins and vitrimers. The performance of these networks is fundamentally 
linked to the degree of unsaturation in the parent vegetable oil, as the double bonds in fatty acid 
chains (e.g., oleic, linoleic, and linolenic acids) are the sites for epoxidation. A higher degree of 
unsaturation allows for a higher mean epoxy value in the resulting EVO, which in turn leads to a 
greater crosslinking density in the final polymer network. This directly correlates with improved 
material properties, including higher tensile strength and a higher glass transition temperature 
(T_g). 
This direct relationship between feedstock chemistry and material performance means that the 
development of a high-performance Hempoxies platform cannot be decoupled from agricultural 
considerations. The fatty acid profile of hemp seed oil can vary significantly between different 



Cannabis sativa cultivars. Therefore, a critical preliminary step in the R&D program must involve 
the screening and selection of hemp varieties that are optimized for high concentrations of 
polyunsaturated fatty acids like linoleic acid and alpha-linolenic acid. This necessitates a close 
collaboration with agronomists and hemp breeders to establish a controlled, high-quality supply 
chain that can deliver a consistent and high-performance EHSO precursor. 

1.1.2 Modified Hemp Lignin as a Dynamic Crosslinker: The Primary Scientific 
Hurdle 

The Hempoxies concept document hypothesizes that modified hemp hurd-derived lignin can 
function as the dynamic crosslinker responsible for inducing vitrimer chemistry. This is the most 
ambitious and scientifically challenging aspect of the proposal. Lignin is an abundant, aromatic 
biopolymer that can impart rigidity and thermal stability to composites. However, in its native 
state, it is not an effective dynamic crosslinker. Its complex, irregular structure and poor 
miscibility with many polymer matrices mean it is typically used as a passive filler or requires 
significant chemical modification to actively participate in a polymer network. 
Current research on lignin-based vitrimers shows that lignin must be functionalized to introduce 
reactive groups capable of forming dynamic covalent bonds. For a vitrimer system based on an 
epoxy matrix (like EHSO), the most common dynamic reaction is transesterification. To 
participate in this reaction, the lignin must possess functional groups such as carboxylic acids or 
hydroxyl groups that can react with the epoxy rings and subsequently engage in bond 
exchange. While native lignin contains hydroxyl groups, their reactivity is often low, and a more 
effective strategy is to introduce additional, more reactive functionalities. 
Therefore, the central scientific challenge for the Hempoxies platform is not simply blending 
EHSO and lignin, but inventing and optimizing a novel, green-chemistry-aligned process to 
modify hemp-derived lignin. Key modification pathways identified in the literature that could be 
adapted for this purpose include: 

●​ Carboxylation: Reacting the hydroxyl groups of lignin with anhydrides through catalytic 
transesterification, or using oxidative treatments (e.g., with ozone or sodium hypochlorite) 
to cleave aromatic rings and generate carboxylic acid groups. 

●​ Epoxidation: Reacting lignin with epichlorohydrin in the presence of a base catalyst to 
introduce epoxy functional groups, which can then co-react with the EHSO matrix. 

This requirement transforms the initial R&D effort from a materials integration problem into a 
fundamental polymer chemistry problem. The project's first major work package must be 
dedicated to developing and potentially patenting a method to functionalize hemp lignin in a way 
that makes it both miscible and reactive within an EHSO system, enabling the desired vitrimer 
properties. This elevates the project's risk profile but also its potential for creating highly 
valuable and defensible intellectual property. 

1.2 The Hierarchical Reinforcement System: Synthesis and 
Characterization 

The projected high performance of Hempoxies variants relies on a hierarchical reinforcement 
system comprising nano-, micro-, and macro-scale carbon morphologies, all derived from hemp. 
This multi-scale approach is a well-established strategy in composite materials design for 
simultaneously improving properties like strength, toughness, and conductivity. The feasibility of 
producing each of these components from hemp feedstock is well-supported by existing 



research, though their integration into a single, optimized system requires careful process 
engineering. 

1.2.1 Nano-Scale: Hemp-Derived Carbon Nanosheets (HDCNS) 

For enhancing fracture toughness and electrical conductivity, particularly in the HX-C300 
variant, the concept proposes hemp-derived carbon nanosheets. Research has demonstrated 
that unique, interconnected, and partially graphitic carbon nanosheets can be synthesized from 
hemp bast fiber. The typical synthesis route involves a simple hydrothermal carbonization 
process followed by a chemical activation step (e.g., with KOH). This method leverages the 
complex, multi-layered cellulose structure of the bast fiber precursor. The resulting HDCNS 
exhibit exceptional properties, including a very high specific surface area (up to 2287 m^2/g), a 
significant volume of mesoporosity, and good electrical conductivity (211–226 S/m). These 
properties make HDCNS an ideal candidate for creating conductive pathways within the 
insulating polymer matrix, thereby achieving the desired EMI shielding and electrical properties 
for electronics applications. 

1.2.2 Micro-Scale: Hemp-Derived Biochar 

To provide lightweight compressive strength, the Hempoxies formulation includes hemp-derived 
biochar. Biochar is produced via pyrolysis—the thermal decomposition of biomass in an 
oxygen-limited environment. Studies on biochar derived from Cannabis sativa stalks and hurds 
show that pyrolysis at moderate temperatures (e.g., 450°C) yields a brittle, highly porous, and 
alkaline material with a high fixed carbon content (typically 53-75%) and low bulk density 
(around 0.163 g/cm^3). Its porous structure is ideal for creating lightweight composites and 
provides sites for mechanical interlocking with the polymer matrix, contributing to compressive 
strength. The final properties of the biochar, such as surface area, porosity, and carbon content, 
are highly dependent on the pyrolysis process parameters, especially temperature and 
residence time, which must be precisely controlled to produce a consistent reinforcement 
material. 

1.2.3 Macro-Scale: Hemp-Derived Carbon Fibers (HDCF) 

For primary tensile strength, the system relies on hemp-derived carbon fibers. These are 
produced through a multi-stage carbonization process that begins with raw hemp bast fibers. 
The process typically involves a low-temperature stabilization step in air (e.g., heating to 250°C) 
to prevent the fibers from melting in subsequent stages, followed by a high-temperature 
carbonization step (e.g., up to 1000°C) under an inert nitrogen atmosphere. This process 
converts the cellulosic precursors into fibers with high carbon content (around 88%) and a 
significantly increased surface area. 
While HDCFs do not achieve the same tensile strength as industry-standard carbon fibers 
derived from polyacrylonitrile (PAN) , their mechanical properties are comparable to those of 
E-glass fibers, with a tensile strength ranging from 550–1110 MPa and a Young's modulus of 
30–70 GPa. Their key advantage is their low density (approx. 1.4 g/cm^3) and bio-based origin, 
making them a suitable sustainable reinforcement for many structural applications. A significant 
challenge, however, is the low yield of the carbonization process, which is typically around 18%, 
presenting an economic and process efficiency hurdle to overcome. 
The distinct synthesis pathways for each reinforcement component—hydrothermal for 



nanosheets, pyrolysis for biochar, and multi-stage carbonization for fibers—present a significant 
process engineering challenge. While each can be produced in isolation, the "green chemistry" 
and sustainability mandate of the Hempoxies platform points toward the need for a more 
holistic, integrated biorefinery approach. A truly innovative and efficient system would utilize 
different fractions of the hemp plant for different components (e.g., bast for fibers/nanosheets, 
hurd for biochar/lignin, seeds for oil) and would capture and reuse process byproducts. For 
instance, the syngas and bio-oil generated during pyrolysis could be used to provide process 
heat for other stages, minimizing external energy inputs and maximizing the value extracted 
from the biomass feedstock. Designing such an integrated system moves beyond simple 
component manufacturing and into the realm of complex process engineering, offering a 
substantial opportunity for developing valuable, proprietary technology. 

1.3 Interfacial Engineering: A Critical, Unaddressed Factor 

The ultimate performance of any fiber-reinforced composite material is governed not just by the 
properties of the matrix and the reinforcement, but critically by the quality of the interfacial bond 
between them. An effective interface is required to transfer stress from the weaker matrix to the 
stronger fibers. The Hempoxies concept document only briefly mentions hemp hurd-derived 
hemicellulose as a "natural adhesion promoter," a scientifically insufficient proposition for a 
high-performance material. 
The fundamental challenge arises from a chemical incompatibility. Hemp fibers and their 
carbonized derivatives are rich in hydroxyl and other polar functional groups, making their 
surfaces hydrophilic (water-attracting). In contrast, the proposed epoxidized hemp oil matrix is 
nonpolar and hydrophobic (water-repelling). This mismatch leads to poor wetting of the fibers by 
the resin, resulting in weak interfacial adhesion, voids at the interface, and an easy pathway for 
moisture ingress. High moisture absorption can cause the fibers to swell, leading to dimensional 
instability and debonding of the matrix-fiber interface, which severely degrades the composite's 
mechanical properties and long-term durability. 
The materials science literature extensively documents the need for surface treatments to 
overcome this challenge. Chemical treatments are most common, designed to modify the fiber 
surface by removing impurities, increasing surface roughness for better mechanical interlocking, 
and introducing chemical groups that can form covalent bonds with the matrix. The most widely 
used method is alkali treatment (mercerization), typically with a sodium hydroxide (NaOH) 
solution, which effectively removes hemicellulose and lignin from the fiber surface, increasing its 
roughness and improving interfacial shear strength and overall composite properties. 
However, the use of such treatments creates a direct conflict with the foundational principles of 
the Hempoxies platform, which mandate the exclusive use of "certified organic" hemp and 
alignment with "stringent green chemistry principles". The use of caustic solutions like NaOH 
may not align with these principles, creating a core tension between the performance 
requirements of a high-strength composite and the material's marketing claims and ESG value. 
This necessitates a dedicated research effort to develop and validate novel, green surface 
treatment methods that can achieve the required level of interfacial adhesion without 
compromising the platform's environmental credentials. Potential avenues for investigation 
include: 

●​ Physical Treatments: Methods like cold plasma or corona discharge can modify surface 
chemistry and increase roughness with low energy consumption and no hazardous 
chemicals. 

●​ Enzymatic Treatments: Using specific enzymes to selectively modify the fiber surface in 



an aqueous, benign environment. 
●​ Bio-based Coupling Agents: Investigating whether the modified lignin developed for the 

vitrimer matrix could itself be used as a sizing agent, pre-coating the fibers to act as a 
chemical bridge between the reinforcement and the bulk matrix. 

Solving this interfacial engineering challenge with a certifiably "green" solution is not a minor 
detail; it is a critical prerequisite for developing a Hempoxies material that is both 
high-performance and credibly sustainable. 

Section 2: Composite Formulation, Manufacturing, 
and Risk Assessment 
This section outlines the transition from the validated individual components to the development 
of an integrated composite material. It details a systematic approach for formulation 
optimization, proposes viable manufacturing pathways, and conducts a critical risk-benefit 
analysis of the platform's most innovative feature: the sequestration of captured pollutants. 

2.1 A Design of Experiments (DoE) Approach to Formulation Variants 

The Hempoxies concept envisions a family of standardized variants, each tailored for specific 
performance profiles, such as the general-purpose HX-G100, the high-strength HX-S200, the 
conductive HX-C300, and the remediation-focused HX-R500. The theoretical compositions 
provided in the conceptual document serve as an excellent starting point, but achieving optimal 
performance requires a more rigorous, empirical approach. 
A Design of Experiments (DoE) methodology will be employed to systematically explore the 
formulation space and map the relationships between composition and material properties. This 
statistical approach is far more efficient than a one-factor-at-a-time method, as it can reveal 
complex interactions between components. The key input variables for the DoE will include: 

●​ Matrix Ratio: The weight ratio of epoxidized hemp seed oil (EHSO) to modified lignin, 
which will govern the crosslink density and the kinetics of the vitrimer bond exchange. 

●​ Total Reinforcement Loading: The total weight percentage of the carbon reinforcement 
system, which will be a primary driver of mechanical properties and density. 

●​ Reinforcement Hierarchy Ratio: The relative proportions of nano-scale (HDCNS), 
micro-scale (biochar), and macro-scale (HDCF) reinforcements within the total loading. 
This will allow for the fine-tuning of properties like tensile strength (dominated by HDCF), 
compressive strength (influenced by biochar), and conductivity (driven by HDCNS). 

●​ Processing Aid Concentration: The percentage of hemp-derived furfuryl ether, a 
bio-based reactive diluent, will be optimized to control the viscosity of the uncured resin 
for improved processability and mold-filling without negatively impacting the final 
properties of the cured composite. 

The output responses measured for the DoE will correspond to the key performance indicators 
for each variant, including tensile strength, flexural modulus, electrical conductivity, and thermal 
stability, as defined by the testing plan in Section 3. 

2.2 Proposed Manufacturing and Processing Pathways 

A scalable, repeatable, and economically viable manufacturing process is essential for 
commercial success. The vitrimer nature of the Hempoxies matrix offers flexibility, allowing for 



the use of processes common to both thermosets and thermoplastics. 
Initial Part Fabrication: 

●​ Compression Molding: This is a robust and widely used method for producing 
high-fiber-content composites. The process involves placing the mixed resin and 
reinforcement into a heated mold cavity and applying high pressure until the part is cured. 
It is well-suited for producing flat panels, blocks, and parts with relatively simple 
geometries. 

●​ Resin Transfer Molding (RTM): For more complex shapes, RTM is a viable option. In 
this process, a dry fiber preform is placed into a closed mold, and the liquid resin is 
injected under pressure. This method allows for excellent control over fiber placement and 
can produce parts with high-quality surface finishes. 

●​ Curing Methods: While thermal curing is standard, the potential for UV-curing should be 
investigated as a low-energy, rapid alternative. However, research on similar bio-based 
epoxy-lignin systems has shown that lignin can act as a UV blocker, potentially leading to 
incomplete curing, especially in thick parts or at high lignin concentrations. This limitation 
must be thoroughly characterized. 

Recycling and Remolding: The defining feature of the vitrimer chemistry is the ability to 
reprocess the material. The proposed "intelligent recycling" system is a cornerstone of the 
platform's circular economy model. The process would involve: 

1.​ Collection and Identification: End-of-life products are collected. 
2.​ Scanning: The Material Identification Code (MIC) on each part is scanned to retrieve its 

exact formulation from the digital passport. 
3.​ Sorting: Automated systems sort the parts into batches of compatible formulations (e.g., 

all HX-S200 parts together). 
4.​ Granulation: The sorted parts are mechanically ground into granules. 
5.​ Remolding: The granules are placed into a new mold and reprocessed using heat and 

pressure, which reactivates the dynamic covalent bonds and allows the material to flow 
and consolidate into a new shape. 

This process, repeated over multiple cycles, must be validated to ensure minimal degradation of 
mechanical properties, as discussed in the experimental plan (Section 3.4). 

2.3 Functional Fillers: A Risk-Benefit Analysis 

A unique and compelling feature of the Hempoxies platform is its designed capability to act as a 
sink for captured environmental pollutants, specifically greenhouse gases and microplastics, 
primarily within the HX-R500 "Remediation" variant. This dual strategy of preventing new plastic 
pollution while actively remediating existing waste streams presents an powerful value 
proposition, but also introduces significant technical and environmental risks that must be 
rigorously managed. 

2.3.1 Embedded Greenhouse Gases 

The proposal to infuse captured carbon dioxide (CO_2) or methane (CH_4) into the resin during 
processing to create lightweight, closed-cell foam structures is technically sound. This process 
would turn a climate liability into a material asset, creating products with excellent thermal and 
acoustic insulation properties. Such materials would be highly suitable for applications in 
sustainable construction, such as insulation panels or lightweight building blocks. The primary 
technical challenges will be developing a process that achieves a uniform cell structure and 



ensuring the long-term stability and permanence of the gas entrapment within the cured matrix 
to prevent leakage over the product's lifespan. 

2.3.2 Upcycled Microplastics and the Leaching Risk 

The proposal to use harvested microplastic particles as a bulk filler in the HX-R500 variant is 
exceptionally innovative but carries a profound and potentially project-defining risk. 
Microplastics are not inert fillers. They are complex materials containing a wide array of 
chemical additives—such as plasticizers (e.g., phthalates), flame retardants (e.g., brominated 
compounds), antioxidants, and heavy metals from pigments—that are not chemically bonded to 
the polymer backbone. Decades of environmental research have shown that these additives 
can and do leach from plastics into the surrounding environment, where they can act as 
endocrine disruptors and pose significant ecotoxicological risks. 
The incorporation of this waste stream into the Hempoxies matrix could inadvertently create a 
"Trojan Horse" for pollution. The manufacturing process involves heating the composite to cure 
the resin. More critically, the vitrimer chemistry is designed for repeated reprocessing, which 
involves grinding the material and reheating it to high temperatures to enable remolding. These 
thermal cycles could significantly accelerate the migration of additives from the encapsulated 
microplastic particles to the surface of the Hempoxies product. If a product intended for 
environmental remediation—such as a park bench, a retaining wall, or a marine infrastructure 
component—were to slowly leach toxic additives throughout its service life, it would not only 
cause direct ecological harm but would also completely undermine the material's credibility, 
destroy its ESG value, and expose the manufacturer to immense legal and reputational liability. 
This risk is so fundamental that it must be the primary focus of the HX-R500 development 
program. Before any commercial application of a microplastic-filled variant can be considered, 
an extensive, multi-year leaching study is non-negotiable. This study must simulate realistic and 
worst-case environmental conditions, including prolonged UV exposure, immersion in fresh and 
salt water, and repeated thermal cycling, to quantify the release rate of key toxic additives. The 
results of this study will be the ultimate determinant of the viability of this aspect of the 
Hempoxies platform. 

Section 3: Comprehensive Experimental Validation 
Plan 
To transition Hempoxies from a theoretical construct to a validated material platform, a rigorous 
and systematic experimental testing program is required. This plan is designed to characterize 
the full spectrum of material properties, validate the core performance claims for each proposed 
variant, and provide the quantitative data necessary for engineering design and market 
acceptance. The testing regime will adhere to internationally recognized standards from ASTM 
International and the International Organization for Standardization (ISO) to ensure data is 
comparable, repeatable, and credible. 

3.1 Mechanical and Thermomechanical Characterization 

The mechanical integrity of Hempoxies is fundamental to its utility as an industrial feedstock and 
its value as an economic asset. The following tests will form the core of the mechanical 
validation program. 



●​ Tensile Properties (ASTM D638): This standard test method will be used to determine 
the ultimate tensile strength, tensile modulus (stiffness), and elongation at break of all 
Hempoxies variants. These properties are critical for any structural application, 
particularly for the high-strength HX-S200 variant intended for aerospace and automotive 
components, and will provide the baseline data for the "Intrinsic Utility" pillar of the 
valuation framework. 

●​ Flexural Properties (ASTM D790): The 3-point bend test will be performed to measure 
flexural strength and flexural modulus. This is particularly relevant for applications where 
materials are subjected to bending loads, such as in construction panels (a potential 
application for the HX-L400 variant) or automotive body panels. 

●​ Compressive Properties (ASTM D695): This test will assess the material's ability to 
resist crushing forces, providing key data on compressive strength and modulus. These 
results will be crucial for validating the role of the micro-scale biochar reinforcement, 
which is specifically included to enhance lightweight compressive strength. 

●​ Fracture Toughness (ASTM D5045): To quantify the material's resistance to the 
propagation of a pre-existing crack, the critical-stress-intensity factor (K_{Ic}) and critical 
strain energy release rate (G_{Ic}) will be measured. This is a critical safety and durability 
metric for damage-tolerant design, especially in high-performance applications like 
aerospace, where preventing catastrophic failure is paramount. 

●​ Dynamic Mechanical Analysis (DMA): DMA will be used to characterize the viscoelastic 
properties of the material as a function of temperature. This analysis will determine the 
glass transition temperature (T_g), which defines the upper service temperature of the 
material, and the storage and loss moduli, which provide deep insight into the crosslink 
density and dynamic nature of the vitrimer network. 

3.2 Thermal and Electrical Performance Evaluation 

For applications in construction and electronics, the thermal and electrical properties are as 
important as the mechanical ones. 

●​ Thermal Conductivity (ASTM D5930): Using a transient line-source technique, this test 
will measure the rate at which heat is conducted through the material. This data is 
essential for designing both insulating materials (requiring low thermal conductivity) for 
construction and thermally conductive materials (requiring high thermal conductivity) for 
electronics enclosures that need to dissipate heat. 

●​ Thermal Stability (ASTM E1131 / ISO 11358): Thermogravimetric Analysis (TGA) will be 
performed to monitor the mass of a sample as it is heated at a controlled rate. This 
determines the onset temperature of thermal decomposition, defining the material's 
maximum processing and service temperatures. TGA also provides a quantitative 
analysis of the material's composition (e.g., polymer, reinforcement, and filler content). 

●​ Electrical Resistivity (ASTM D257): This standard method will be used to measure the 
volume and surface resistivity of the Hempoxies variants. High resistivity is required for 
applications needing electrical insulation, while low resistivity (high conductivity) is the 
goal for the HX-C300 variant. 

●​ Electromagnetic Interference (EMI) Shielding Effectiveness (ASTM D4935): This test 
is crucial for validating the performance of the conductive HX-C300 variant. It measures a 
planar material's ability to attenuate electromagnetic waves over a frequency range 
(typically 30 MHz to 1.5 GHz), a key requirement for enclosures designed to protect 
sensitive electronic components from interference. 



3.3 Environmental Performance Verification 

The claims of being carbon-negative and a solution to microplastic pollution are central to the 
Hempoxies value proposition and must be substantiated with rigorous, transparent data. 

●​ Life Cycle Assessment (LCA) for Carbon-Negative Validation: A comprehensive 
cradle-to-gate LCA, conducted in accordance with ISO 14040-44 standards, is essential. 
The system boundary must encompass all significant inputs and outputs, including: 

○​ Agricultural Phase: Quantifying the biogenic carbon sequestered by the hemp 
crop during photosynthesis, alongside emissions from soil management, fertilizer 
application (even if organic), and farm machinery operation. The claim of enhanced 
soil carbon sequestration under regenerative organic farming practices must be 
verified through soil sampling and analysis. 

○​ Processing Phase: Accounting for all energy and material inputs for the synthesis 
of all seven components. This includes the energy-intensive pyrolysis and 
carbonization processes required for the reinforcements. 

○​ Manufacturing Phase: Including the energy consumed during compounding, 
molding, and finishing of the final composite parts. The final output will be a net CO₂ 
equivalent balance (kg\ CO_2eq/kg\ material), which will scientifically validate or 
refute the carbon-negative claim. 

●​ Long-Term Durability and Carbon Stability Analysis: The assertion of "permanent" 
carbon sequestration must be tested. This will involve subjecting Hempoxies samples to 
accelerated aging protocols that simulate long-term environmental exposure (e.g., cycles 
of UV radiation, humidity, and temperature). Post-aging analysis will be conducted to 
determine if the carbon structure within the biochar and carbon fiber components has 
degraded, which could lead to the release of sequestered carbon back into the 
atmosphere as CO_2. 

●​ Additive Leaching Protocol (for HX-R500): As highlighted in Section 2.3.2, a dedicated 
and rigorous protocol must be established to test for the leaching of additives from the 
embedded microplastics. This protocol will involve immersing samples of the HX-R500 
variant in simulated environmental media (e.g., fresh water, salt water, acidic water) under 
various conditions (e.g., static, agitated, with UV exposure) for extended periods. The 
leachate will be periodically sampled and analyzed using advanced analytical techniques 
like liquid chromatography-mass spectrometry (LC-MS) to detect and quantify the 
presence of target additives such as phthalates and brominated flame retardants. 

3.4 Validation of Recyclability and Remoldability 

The vitrimer chemistry enabling recyclability is a core claim that must be experimentally proven. 
A multi-cycle recycling study will be conducted. Samples of a baseline Hempoxies variant will be 
produced and subjected to the full suite of mechanical tests (tensile, flexural, compressive). 
These tested samples will then be ground into granules and re-molded via compression 
molding. This process will be repeated for a minimum of 10 cycles. After each cycle, new test 
coupons will be fabricated and mechanically tested to quantify any degradation in properties. 
The goal is to demonstrate a high percentage of property retention (e.g., >90% after 5 cycles), 
which would validate the material's suitability for a true circular economy. Additionally, stress 
relaxation tests will be performed at various temperatures to characterize the kinetics of the 



dynamic bond exchange, providing fundamental data on the vitrimer behavior. 

Table 1: Proposed Experimental Validation Matrix for Hempoxies 
Variants 

Variant ID Key Performance 
Attribute 

Primary 
ASTM/ISO 
Standard 

Target 
Performance 
Metric (Illustrative) 

Rationale / Target 
Application 

HX-G100 Balanced 
Properties 

ASTM D638, D790 Tensile Strength: 
>80 MPa; Flexural 
Modulus: >8 GPa 

General purpose 
applications; 
baseline for 
economic asset 
valuation. 

HX-S200 High Specific 
Strength 

ASTM D638 Specific Strength 
(Strength/Density): 
>150 
MPa/(g/cm^3) 

Aerospace 
secondary 
structures, 
automotive 
components, 
drones. 

 Fracture 
Toughness 

ASTM D5045 K_{Ic}: > 6 
MPa\sqrt{m} 

Damage tolerance 
for safety-critical 
applications. 

HX-C300 EMI Shielding ASTM D4935 Shielding 
Effectiveness: >40 
dB @ 1 GHz 

Electronics 
enclosures, EMI 
gaskets, 
conductive 
components. 

 Thermal 
Conductivity 

ASTM D5930 Thermal 
Conductivity: >0.5 
W/m·K 

Heat dissipation 
for electronic 
components. 

 Electrical 
Resistivity 

ASTM D257 Volume Resistivity: 
<100 \Omega 
\cdot cm 

Antistatic and 
conductive 
applications. 

HX-R500 Compressive 
Strength 

ASTM D695 Compressive 
Strength: >100 
MPa 

Durable 
infrastructure, 
load-bearing 
remediation 
products. 

 Additive 
Leaching 

Custom Protocol 
(LC-MS) 

Phthalate 
Leaching: < 
Detection Limit 

Environmental 
safety and 
validation of 
remediation claim. 

All Variants Thermal Stability ASTM E1131 
(TGA) 

Decomposition 
Temp (T_d): 
>250°C 

Defines maximum 
processing and 
service 
temperatures. 

All Variants Recyclability Custom Protocol >90% Mechanical Validation of 



Variant ID Key Performance 
Attribute 

Primary 
ASTM/ISO 
Standard 

Target 
Performance 
Metric (Illustrative) 

Rationale / Target 
Application 

property retention 
after 5 cycles 

vitrimer chemistry 
and circular 
economy potential. 

All Variants Carbon Footprint ISO 14040/44 
(LCA) 

Net negative 
CO_2eq balance 

Validation of 
carbon-negative 
claim for ESG 
valuation. 

Section 4: Market Analysis and Dual-Use Application 
Strategy 
This section evaluates the commercial viability of the Hempoxies platform by benchmarking its 
projected performance against the requirements of key target industries and analyzing the 
innovative dual-use economic model that underpins its unique value proposition. The success of 
Hempoxies will depend not only on its technical merits but also on its ability to offer a compelling 
performance-to-cost and sustainability advantage over established materials. 

4.1 Performance Benchmarking for Target Industries 

For Hempoxies to penetrate the market, its specific variants must meet or exceed the 
performance criteria of the incumbent materials they seek to replace. This requires a clear-eyed 
assessment of the target application requirements. 

4.1.1 Aerospace and Automotive (Target: HX-S200) 

The aerospace and automotive industries demand materials with exceptional performance, 
particularly high strength-to-weight and stiffness-to-weight ratios, to improve fuel efficiency and 
payload capacity. Key incumbent materials are high-strength aluminum alloys (e.g., 6061, 7075) 
and conventional carbon-fiber-reinforced polymers (CFRPs) made with PAN-based fibers in an 
epoxy matrix. Critical performance requirements defined by standards like the Aerospace 
Material Specifications (AMS) include high tensile and fatigue strength, thermal stability across 
a wide range of operating temperatures, corrosion resistance, and damage tolerance. 
While it is unlikely that a hemp-derived carbon fiber composite like HX-S200 could replace 
primary structural components currently made from aerospace-grade CFRPs, it could be a 
highly competitive alternative for secondary and tertiary applications. The specific stiffness 
(Young's Modulus / density) of hemp fiber is comparable to that of glass fiber, which is already 
used in aviation. This positions HX-S200 as a potential sustainable, lightweight replacement for 
fiberglass and aluminum in applications such as interior cabin panels, fairings, winglets, seating 
structures, and the chassis and body components of unmanned aerial vehicles (drones). 

4.1.2 Sustainable Construction (Target: HX-L400, HX-R500) 

The construction sector is under increasing pressure to reduce its massive carbon footprint, 
creating a significant market opportunity for sustainable alternatives to concrete and steel. 



Hempoxies would compete with both traditional materials and a growing field of green building 
materials, including hempcrete (a non-structural insulator), rammed earth, cross-laminated 
timber, and recycled plastic composites. 
Key performance criteria in this market are durability, longevity, thermal and acoustic insulation 
performance, fire resistance, moisture and mold resistance, and low maintenance requirements. 
A lightweight, foamed Hempoxies variant (HX-L400), created by embedding captured 
greenhouse gases, would be an excellent candidate for high-performance insulation panels, 
offering structural integrity that materials like hempcrete lack. The durable, dense HX-R500 
variant, filled with inert materials, could be used for outdoor applications like decking, noise 
barriers, marine pilings, and landscape elements, where its resistance to rot and moisture would 
be a key advantage. The success in this market will depend on achieving relevant building code 
certifications and demonstrating a competitive lifecycle cost. 

4.1.3 Advanced Electronics Enclosures (Target: HX-C300) 

Enclosures for electronic devices must provide physical protection while also managing thermal 
and electromagnetic challenges. The incumbent materials are primarily injection-molded plastics 
like ABS and polycarbonate, and metals like aluminum and steel. Key performance 
requirements include mechanical impact resistance, dimensional stability at elevated 
temperatures, sufficient thermal conductivity to dissipate heat from components, and, critically, 
effective electromagnetic interference (EMI) shielding to prevent interference between devices. 
For many applications, materials must also meet stringent flame retardancy standards, such as 
a UL 94 V-0 rating. 
The projected properties of the HX-C300 variant, with its conductive network of hemp-derived 
carbon nanosheets, position it as a compelling sustainable alternative. It could potentially offer 
the EMI shielding performance of a metallized plastic or a thin-walled aluminum enclosure but 
with a lower carbon footprint and a lighter weight. Its success will depend on achieving a 
shielding effectiveness of at least 40-60 dB in the relevant frequency ranges and demonstrating 
sufficient thermal conductivity and flame retardancy to meet industry standards. 

4.2 Viability of the Dual-Use Economic Model 

The proposal for Hempoxies to function simultaneously as an industrial feedstock and a 
financial asset is perhaps its most novel and disruptive feature. This dual-use model seeks to 
create a new asset class whose value is intrinsically linked to its real-world utility and its 
verifiable environmental performance. 

4.2.1 Positioning as an Industrial Feedstock 

In its role as an industrial material, the value of Hempoxies will be determined by conventional 
market forces: its performance-to-cost ratio relative to the incumbent materials identified above. 
The vitrimer chemistry adds a unique value proposition by enabling a circular economy. 
Manufacturers could potentially lease Hempoxies material rather than purchasing it, using it to 
produce goods and then returning the end-of-life products to be remolded. This would reduce 
waste disposal costs and raw material expenditures, creating a powerful economic incentive for 
adoption. 



4.2.2 Establishing Value as a Traceable ESG Asset 

The innovative aspect of the model is the creation of fungible Hempoxies coins and bullion as a 
new economic asset class. The proposed valuation framework rests on three pillars: Practicality 
(its intrinsic industrial value), Rarity (controlled production of special variants), and Imbedded 
Knowledge (the verifiable data of its sustainable and ethical production). This model is explicitly 
designed to appeal to the rapidly growing field of Environmental, Social, and Governance (ESG) 
investing, where investors seek not only financial returns but also positive environmental and 
social impact. 
The "Imbedded Knowledge" pillar is the absolute linchpin of this entire financial concept. ESG 
investors, whether institutional or individual, demand transparent, auditable, and verifiable data 
to support sustainability claims. The proposed Material Identification Code (MIC) is the 
mechanism designed to deliver this data. However, for this system to be credible, it must be 
more than a simple serial number linked to a corporate database. The integrity of the data 
associated with the MIC is paramount. Any suspicion of data tampering or "greenwashing" 
would instantly destroy the material's value as an ESG asset. 
Consequently, the development of a secure, immutable, and transparent digital infrastructure for 
the MIC is not an optional add-on but a core technology that must be co-developed with the 
material itself. A decentralized system, such as one built on blockchain technology, would be the 
most credible approach. Each step in the material's lifecycle—from the certified organic farm, 
through the integrated biorefinery, to the final composite manufacturing and recycling 
loops—would be recorded as a transaction on an immutable ledger. This would create a "digital 
passport" for every unit of Hempoxies, providing any stakeholder with undeniable proof of its 
provenance, its precise composition (including any sequestered pollutants), and its verified 
carbon footprint from the LCA. Without this robust and trustworthy digital backbone, the concept 
of Hempoxies as a financial asset remains a mere marketing claim and will fail to attract serious 
ESG investment. The digital infrastructure is as critical to the business model as the polymer 
chemistry. 

Table 2: Hempoxies Performance Targets vs. Incumbent Materials 

Application 
Area 

Key 
Performance 
Metric 

Incumbent 
Material 

Incumbent 
Performance 

Target 
Hempoxies 
Variant 

Target 
Hempoxies 
Performance 

Aerospace 
(Secondary 
Structure) 

Specific 
Strength 
(MPa/(g/cm^3)) 

Aluminum 
6061-T6 

~115 HX-S200 >150 

 Specific 
Modulus 
(GPa/(g/cm^3)) 

Aluminum 
6061-T6 

~25.5 HX-S200 >35 

Construction 
(Insulation 
Panel) 

Thermal 
Conductivity 
(W/m·K) 

Extruded 
Polystyrene 
(XPS) 

0.029 - 0.039 HX-L400 
(Foamed) 

<0.040 

 Compressive 
Strength (MPa) 

XPS Foam 0.1 - 0.7 HX-L400 
(Foamed) 

>2.0 

Electronics 
(Enclosure) 

EMI Shielding 
Effectiveness 

Nickel-Coated 
ABS Plastic 

40 - 60 HX-C300 >40 



Application 
Area 

Key 
Performance 
Metric 

Incumbent 
Material 

Incumbent 
Performance 

Target 
Hempoxies 
Variant 

Target 
Hempoxies 
Performance 

(dB) 
 Tensile 

Strength (MPa) 
Polycarbonate 
(PC) 

55 - 75 HX-C300 >70 

 UL 94 
Flammability 
Rating 

PC / ABS V-0 HX-C300 V-0 

Section 5: A Strategic Development Roadmap for New 
Brunswick 
This section translates the preceding scientific and market analysis into an actionable, 
geographically-focused strategic plan for advancing the Hempoxies platform from concept to 
commercial reality. The plan is specifically tailored to leverage the unique combination of 
agricultural resources, research expertise, and public funding mechanisms available in New 
Brunswick and the broader Atlantic Canada region. 

5.1 Leveraging the Regional Ecosystem: Supply Chain, R&D 
Partnerships, and Infrastructure 

A successful development program cannot exist in a vacuum. It must be embedded within a 
supportive ecosystem that can provide the necessary inputs, expertise, and infrastructure. 
Atlantic Canada, and New Brunswick in particular, offers a uniquely synergistic environment for 
a project of this nature. 

●​ Feedstock and Processing: New Brunswick has an emerging industrial hemp sector, 
with licensed producers cultivating the crop under Health Canada regulations. In 2017, 
fourteen producers planted over 200 hectares in the province. The regulatory framework 
for obtaining an Industrial Hemp Licence is well-defined, covering cultivation, processing, 
and sales of non-flowering parts of the plant. While cultivation exists, a critical gap is the 
lack of large-scale, centralized processing facilities dedicated to fractionating hemp stalks 
into the high-quality fiber, hurd, and other precursors required for advanced materials. A 
key strategic activity for the project will be to either partner with an existing processor to 
develop these capabilities or to spearhead the establishment of a new, dedicated 
biorefinery facility in the region. 

●​ R&D Partnerships: The region is home to world-class research institutions with highly 
relevant expertise. The University of New Brunswick (UNB) is a powerhouse in materials 
science, with specific research groups and facilities dedicated to wood science, pulp and 
paper, polymers, concrete, and advanced materials characterization, including the Dr. 
Jack McKenzie Limerick Pulp and Paper Research Centre and the Wood Science and 
Technology Centre (WSTC). Dalhousie University in Nova Scotia has a strong focus on 
advanced composites and materials engineering, including research on hybrid 
composites for the automotive industry. The Université de Moncton possesses expertise 
in biosciences and chemistry relevant to the project's green chemistry mandate. A formal 
research consortium should be established with these institutions to access their 
expertise, leverage their advanced analytical facilities, and collaborate on grant 



applications. 
●​ Industry Collaboration: The Canadian Hemp Trade Alliance (CHTA) is a national 

organization that can provide crucial industry-wide support, facilitate connections with 
growers and processors, aid in the development of material standards, and assist with 
market access and promotion. Engaging with the CHTA early will be vital for integrating 
the Hempoxies platform into the broader Canadian hemp industry. 

5.2 Phased R&D Plan: A Pathway from TRL-2 to TRL-5 

A structured, phased approach is necessary to manage technical risk and align development 
milestones with funding cycles. The following three-phase plan is proposed to advance 
Hempoxies from its current conceptual level to a validated prototype. 

Phase 1 (18-24 months): Fundamental Science & Component Validation (Target: 
TRL-3) 

●​ Objective: To validate the foundational science of the Hempoxies platform and 
demonstrate the repeatable synthesis of its core components at the laboratory scale. 

●​ Key Activities: 
1.​ Lignin Chemistry: Develop, optimize, and characterize a green chemical 

modification process for hemp hurd-derived lignin to enable its function as a 
dynamic crosslinker. This is the highest-priority activity. 

2.​ Component Synthesis: Establish lab-scale protocols for the consistent production 
of all seven core components: epoxidized hemp oil, modified lignin, hemicellulose, 
carbon nanosheets, biochar, carbon fibers, and furfuryl ether. 

3.​ Matrix Formulation: Conduct initial Design of Experiments (DoE) on the 
EHSO-lignin matrix system to characterize its vitrimer properties (e.g., stress 
relaxation, T_g). 

4.​ Interfacial Science: Begin screening and testing of green surface modification 
techniques for the carbon reinforcements. 

Phase 2 (24 months): Composite Formulation & Lab-Scale Validation (Target: 
TRL-4) 

●​ Objective: To produce and comprehensively test laboratory-scale coupons of the primary 
Hempoxies variants (G100, S200, C300, R500), validating their performance against the 
targets outlined in Section 3. 

●​ Key Activities: 
1.​ Composite DoE: Execute the full Design of Experiments to optimize the 

formulations for each of the primary variants. 
2.​ Performance Testing: Fabricate test coupons and perform the complete suite of 

ASTM/ISO tests for mechanical, thermal, and electrical properties as detailed in the 
Validation Matrix (Table 1). 

3.​ Environmental Validation: Initiate the long-term durability, carbon stability, and (for 
HX-R500) additive leaching studies. Conduct the cradle-to-gate Life Cycle 
Assessment (LCA). 

4.​ Recycling Validation: Perform the multi-cycle recycling study to quantify property 
retention after remolding. 



Phase 3 (12-18 months): Prototype Development & Pilot Scale-Up (Target: TRL-5) 

●​ Objective: To demonstrate the manufacturability of Hempoxies by producing functional 
prototypes and validating the process at a pilot scale. 

●​ Key Activities: 
1.​ Manufacturing Partnership: Partner with an established composite manufacturer 

in the region to transfer the technology from the lab to a pilot production 
environment. 

2.​ Process Scale-Up: Develop and optimize pilot-scale processing protocols for 
compression molding or RTM. 

3.​ Prototyping: Fabricate initial functional prototypes of target products, such as an 
electronics enclosure (HX-C300) or a small construction panel (HX-L400). 

4.​ Prototype Testing: Test the functional prototypes against real-world, 
application-specific standards (e.g., ingress protection for enclosures, load-bearing 
tests for panels). 

5.3 Funding and Investment Strategy: Aligning Milestones with Public 
and Private Capital 

The capital-intensive nature of materials R&D requires a phased funding strategy that 
strategically leverages the unique public and private funding landscape in Atlantic Canada to 
de-risk the technology at each stage. 

●​ Phase 1 Funding (Non-Dilutive Grant Funding): The initial phase, focused on 
fundamental science, is best suited for non-dilutive research grants. The project's focus 
on innovation, advanced materials, and cleantech makes it a strong candidate for several 
programs: 

○​ New Brunswick Innovation Foundation (NBIF): NBIF supports applied research 
and has specific interests in advanced manufacturing and value-added natural 
resources. The Corporate CleanTech Innovation Fund, offering up to $160,000, is 
directly aligned with the project's goals. 

○​ Federal R&D Grants: In partnership with the university consortium (UNB, 
Dalhousie), the project should pursue NSERC Alliance grants, which support 
collaborative research projects. 

●​ Phase 2 Funding (Seed/Series A - Public/Private Hybrid): With the fundamental 
science de-risked in Phase 1, the project can attract a combination of larger government 
contributions and early-stage venture capital. 

○​ Atlantic Canada Opportunities Agency (ACOA): ACOA's programs, such as the 
Jobs and Growth Fund, are designed to support projects that transition the region to 
a green economy and promote the adoption of clean technology, offering 
interest-free repayable contributions of up to 50% of project costs. 

○​ Sustainable Development Technology Canada (SDTC): SDTC is a key federal 
agency that provides significant non-repayable funding (averaging $2-4 million) for 
pre-commercial cleantech demonstration projects. The Hempoxies platform is an 
ideal candidate for the SDTC Start-up stream. 

○​ Venture Capital: The substantial government funding from sources like ACOA and 
SDTC will serve as a powerful catalyst to attract matching private investment from 



climate-focused VCs like BDC's Climate Tech Fund or Clean Energy Ventures. 
●​ Phase 3 Funding (Series A/B - Primarily Private): Upon successful validation in Phase 

2, the project will be positioned to raise a larger Series A or B round to fund the pilot 
scale-up and initial commercialization efforts. This round would be led by private VCs, 
potentially with follow-on investment from NBIF's Venture Capital Fund, which invests 
$200,000-$500,000 in promising New Brunswick-based start-ups with demonstrated 
market traction. 

5.4 Intellectual Property and Regulatory Compliance 

●​ Intellectual Property Strategy: A proactive IP strategy is essential. The primary areas 
for patent protection are: (1) the novel chemical modification process for hemp lignin; (2) 
the specific formulations of the optimized Hempoxies variants; (3) the design of an 
integrated biorefinery process for producing the components; and (4) the architecture of 
the MIC digital passport system. 

●​ Regulatory Compliance: All activities, from cultivation to processing, must strictly adhere 
to Health Canada's Industrial Hemp Regulations. This includes sourcing feedstock 
exclusively from licensed cultivators growing varieties from the List of Approved Cultivars 
and complying with all THC testing requirements. 

Table 3: Phased R&D Roadmap with Milestones, Budgets, and 
Funding Targets 

Phase Timeline Key 
Objectives & 
Milestones 

TRL Target Estimated 
Budget 

Primary 
Funding 
Targets 

Key Partners 

Phase 1: 
Fundamenta
l Science 

18-24 
Months 

- Develop & 
patent lignin 
modification 
process.<br>
- Establish 
lab synthesis 
of all 7 
components.
<br>- 
Characterize 
baseline 
vitrimer 
matrix 
properties. 

TRL 3 $750,000 NBIF 
(CleanTech 
Fund), 
NSERC 
Alliance 
Grant 

UNB 
(Chemistry, 
Chem Eng), 
Dalhousie 
(Materials 
Eng) 

Phase 2: 
Lab-Scale 
Validation 

24 Months - Complete 
DoE for all 
variants.<br>
- Validate 
performance 
via full ASTM 
test 

TRL 4 $4,500,000 SDTC 
(Start-up 
Stream), 
ACOA (Jobs 
& Growth 
Fund), 
Seed/Series 

UNB, 
Dalhousie, 
Composite 
Test Lab, 
LCA 
Consultant 



Phase Timeline Key 
Objectives & 
Milestones 

TRL Target Estimated 
Budget 

Primary 
Funding 
Targets 

Key Partners 

suite.<br>- 
Complete 
cradle-to-gat
e LCA.<br>- 
Achieve 
>90% 
property 
retention 
after 5 
recycling 
cycles. 

A VC (BDC 
Climate 
Tech) 

Phase 3: 
Pilot 
Scale-Up 

12-18 
Months 

- Scale 
component 
synthesis to 
pilot 
level.<br>- 
Produce 
functional 
prototypes 
(e.g., 
enclosure, 
panel).<br>- 
Validate 
pilot-scale 
manufacturin
g 
process.<br>
- Secure 
initial 
customer 
validation. 

TRL 5 $6,000,000+ Series A/B 
VC, NBIF 
(Venture 
Capital 
Fund), ACOA 

Composite 
Manufacturer
, CHTA, 
Potential 
End-Users 

Section 6: Conclusion and Strategic 
Recommendations 
The Hempoxies material platform represents a paradigm-shifting concept with the potential to 
redefine the role of materials in a circular and sustainable economy. The proposal to create a 
fully bio-derived, carbon-negative, and infinitely recyclable composite that also functions as a 
traceable economic asset is both visionary and compelling. This analysis confirms that the 
concept, while ambitious, is rooted in plausible scientific principles and is well-aligned with 
powerful global trends in sustainability, ESG investing, and the transition to a bio-economy. 
However, the transition from this powerful vision to a tangible, commercially viable product is 
fraught with significant scientific, technical, and environmental risks that must be addressed with 



strategic foresight and rigorous execution. 

Summary of Findings 

The core strength of the Hempoxies concept lies in its holistic, systems-level design. By 
integrating a multi-scale reinforcement system within a reprocessable vitrimer matrix, it aims for 
high performance. By mandating a certified organic, hemp-based supply chain and 
incorporating pollutant sequestration, it aims for profound environmental restoration. And by 
embedding traceability through a Material Identification Code, it aims to create a novel financial 
instrument. 
The analysis has identified two paramount challenges that must be overcome. First is the 
fundamental chemistry of the vitrimer matrix. The success of the entire platform is contingent 
upon developing a novel process to chemically modify hemp lignin to enable it to act as an 
effective dynamic crosslinker. This represents the primary scientific risk and the most significant 
barrier to entry. Second is the environmental risk associated with sequestering microplastics. 
The potential for the long-term leaching of toxic additives from the HX-R500 variant poses an 
existential threat to the platform's environmental credibility and its entire ESG-based value 
proposition. These two challenges must be the absolute top priorities of the initial R&D program. 

Strategic Recommendations 

Based on the comprehensive analysis presented in this report, the following five strategic 
recommendations are proposed to guide the development of the Hempoxies platform: 

1.​ Prioritize Core Chemistry: The immediate focus of all R&D efforts must be on solving 
the central scientific challenge: the chemical modification of hemp lignin to function as a 
dynamic crosslinker in an epoxidized hemp oil matrix. This is the project's critical path. A 
dedicated team, in close collaboration with polymer chemistry experts at the University of 
New Brunswick and other partner institutions, should be tasked with developing and 
patenting a novel, green-chemistry-aligned functionalization process. 

2.​ Confront the Leaching Risk Head-On: A comprehensive, multi-year study of additive 
leaching from the microplastic-filled HX-R500 variant must be initiated in parallel with the 
core chemistry work. This study should be designed to be transparent, rigorous, and 
conducted under worst-case environmental simulations. The results must be 
non-negotiable; if significant leaching of harmful substances is detected, this application 
must be abandoned to protect the integrity of the entire platform. 

3.​ Formalize the R&D Consortium: Immediately move to formalize a research and 
development consortium that brings together the key regional players. This should include 
materials science and chemical engineering groups at the University of New Brunswick, 
the advanced composites lab at Dalhousie University, and industry-level coordination 
through the Canadian Hemp Trade Alliance. This consortium will be essential for 
leveraging regional expertise, accessing specialized facilities, and successfully securing 
collaborative research grants. 

4.​ Execute a Phased, De-Risking Funding Strategy: Adhere to the phased funding 
strategy outlined in Section 5.3. Aggressively pursue non-dilutive R&D grants from 
provincial (NBIF) and federal (NSERC) sources to fund the high-risk fundamental science 
in Phase 1. Use the successful validation from this phase to secure larger contributions 
from agencies like ACOA and SDTC, which will, in turn, de-risk the project for private 
seed and venture capital investment for Phases 2 and 3. 



5.​ Develop the Digital Backbone in Parallel: Treat the development of the secure, 
blockchain-enabled digital passport system for the Material Identification Code (MIC) as a 
core technology project, not an IT afterthought. This digital infrastructure is indispensable 
for the ESG asset valuation model. Its development must proceed in parallel with the 
materials science R&D to ensure that a robust, credible, and auditable traceability system 
is ready when the material is validated. 

Future Outlook 

The path to realizing the full vision of Hempoxies is long and challenging. It requires 
breakthroughs in polymer chemistry, innovations in process engineering, and unwavering 
commitment to environmental integrity. However, the potential rewards are commensurate with 
the risks. If successful, Hempoxies will not just be a new material; it will be a demonstration of a 
new economic and environmental logic, where the value of an object is derived not only from its 
utility but from the verifiable knowledge of its sustainable creation and its capacity for 
regeneration. It offers a compelling roadmap for a future where the materials we use to build our 
world also help to heal it. 
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