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Abstract 
 

Over 90% of plastics are derived from virgin fossil feedstocks, which is equivalent to ~6% 
of global oil consumption. In addition, epoxy resins, a type of thermosetting plastic, are 
typically created using bisphenol A (BPA), an endocrine disrupting chemical. An EPA 
SBIR Phase I grant funded the formulation of an innovative bio-epoxy resin based on the 
fatty acids of hempseed oil. This white paper highlights the intention and potential impact 
of the technology while current research and development proceeds towards positioning 
the technology for rapid market adoption in the outdoor industry. In addition, this 
technology is being evaluated for potential application in other industries, such as the built 
environment, to increase market penetrations. Unlike the conventional approach that builds 
the monomers on the structure of triglyceride of oil, this approach is to dismantle (by 
hydrolysis) the triglyceride structure and rebuild new monomers with structures more 
appropriate for thermosets without losing performance. Employing a Life Cycle 
Assessment approach and toxicity analysis, this project incorporates an inventory and data 
collection stage to develop a baseline of human health and ecological impacts that can be 
evaluated throughout the lifecycle (i.e. raw material extraction to the end of life) of this 
product. 
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Problem 
 

Over 90% of plastics are derived from virgin fossil feedstocks, which is equivalent to ~6% 
of global oil consumption. (World Economic Forum, 2016). There are serious concerns 
about the environmental impact and long-term sustainability of plastic materials. 
According to the World Economic Forum, “[i]f the current strong growth of plastics usage 
continues as expected, the plastics sector will account for 20% of total oil consumption and 
15% of the global annual carbon budget by 2050 (this is the budget that must be adhered 
to in order to achieve the internationally accepted goal to remain below a 2 degrees Celsius 
increase in global warming).” (World Economic Forum, 2016).  
 
In addition, plastic products are often formulated with a cocktail of chemicals, some of 
which are known carcinogens that can cause long-term health effects in humans, as well as 
negative impacts to the environment. One such chemical used in epoxy production is 
bisphenol A (BPA), an endocrine disrupting chemical that the Food & Drug Administration 
(FDA) banned from baby bottles in 2012. (U.S. Food & Drug Administration, 2014). At 
elevated exposure levels, BPA has adverse effects on long-term health, not only for 
consumers, but also for manufacturing workers around the world. These BPA-based epoxy 
resins are typically used as the matrix for composites in products ranging from outdoor 
recreational equipment to aircraft parts. 
 
Background 
 

Plastic products are ubiquitous and critical to our everyday life. Many technologies in 
automobiles, electronics, healthcare, aerospace, etc., are only made possible because of the 
use of plastics. One of the most common thermosetting plastics—epoxy resins—has a wide 
range of applications, including metal coatings, use in electronics/electrical 
components/LEDs, high-tension electrical insulators, fiber-reinforced plastic materials, 
and structural adhesives. Epoxies are used extensively in the makeup of paints and 
coatings, owing to properties such as: excellent adhesion; resistance to chemicals, heat, and 
UV light; durability; strength and flexibility. Epoxy coatings are used extensively in 
industrial manufacturing plants owing to the aforementioned factors. Among various 
applications, epoxy resins are quickly being adopted by the industrial floor coatings 
industry due to competitive prices, architectural design, and ease of maintenance. The 
epoxy cementitious market will record an annual growth rate of more than 6.5% by 2024, 
due to the sought-after capability of the product to bear high impact and thermal shocks. 
(Global Market Insights, 2017). In addition, its excellent adhesion to a variety of substrate 
surfaces used in flooring including metal, glass, and fiber will likely fuel demand. 
 
Excellent adhesion to a variety of substrates has made epoxy resins fundamental to the 
development of fiber-reinforced plastics (e.g. fiberglass and carbon composites). “The 
resin system provides the ‘binder,’ to a large extent dictating the cost, dimensional stability, 
heat and chemical resistance, and basic flammability.” (Reinforced Plastics, 2012). Among 
various applications, fiber-reinforced plastics are the most advanced and adaptive 
engineering materials that find rapidly increasing use in transportation (e.g. Boeing’s 
composite airplane wings), sporting goods, and reinforced structural applications in the 
built environment. This development is attributed to the many advantages of polymer 
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composites, including high strength-to-weight ratio, production flexibility over metal, low 
thermal conductivity, and corrosion resistance. 
 
Broader Societal Need and Impacts 
The U.S. Global Change Research Program’s Fourth National Climate Assessment states 
“Climate change is projected to significantly damage human health, the economy, and the 
environment in the United States, particularly under a future with high greenhouse gas 
emissions.” The Assessment recommends mitigation (and adaptation) strategies to reduce 
the risks and impacts of climate change to society. The intergovernmental Panel on Climate 
Change (IPCC) Fifth Assessment Report estimates that staying well below 2℃ will require 
10-20 Gt CO² removal globally per year by 2100, cumulatively reaching 400-800 Gt CO2. 
(Smith et al., 2014). Recent updates indicate responsible land use and management 
strategies globally could contribute 23.8 Gt CO2 of sequestration and avoided emissions 
annually, accounting for 37 percent of global mitigation required through 2030. (Bronson 
et al., 2017). Today, global land use and land management are the source of one-quarter of 
total anthropogenic CO2 emissions. (Smith et al., 2015). Shifting global landscapes from 
a net emissions source to a (massive) net sink will require a suite of investments in new 
technologies and policies.  One strategy in the arsenal is to shift from petroleum-based 
products to sources of short rotation woody crops that can be used in long-lived products. 
 
United States agriculture supports two-thirds of the world’s commodity crop calories, 
covering 42 percent of the country. Currently, U.S. cropland contributes less than 5 percent 
of the U.S. land carbon sink. Agricultural lands must be managed reliably to sequester more 
carbon while preserving and increasing their ability to support global fuel, feed, and fiber. 
(United States Environmental Protection Agency, 2017). The increasing supply, both 
nationally and globally, of industrial hemp, also known as Cannabis Sativa L., will provide 
one solution to high volume biomass that can be converted into carbon sequestered 
products for human consumption and betterment. 
 
“[Excluding Canada,] global acreage in hemp cultivation in 2016—both hemp seed and 
hemp tow waste—[was] reported at about 192,000 acres, with a reported total production 
of 355 million pounds.” (Congressional Research Service, 2018). Canada legalized 
industrial hemp in 1998 and is currently cultivating approximately 138,000 acres annually. 
(Stephenson, 2018). 
 

In the United States there is a 
national trend to re-legalize 
industrial hemp. In fact, 41 states 
have already proposed or passed 
legislation for its legalization. 
(U.S. Hemp Crop Report, 2018). 
Senate Majority Leader Mitch 
McConnell introduced a bipartisan 
bill to legalize industrial hemp 
across the nation with the Hemp 
Farming Bill of 2018. The 
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proposed bill was included in the 2018 Farm Bill and signed into law in December 2018. 
With the new federal legalization, the approximately 25,000 acres of industrial hemp that 
was cultivated in 2018 in the U.S. (following only three years of state-only legalization) is 
expected to exponentially expand the national supply of this new agricultural commodity.  
 
Hemp offers a plethora of benefits as an agricultural rotation crop. According to a study in 
the journal Elsevier, “net carbon sequestration by industrial hemp crop is estimated as 0.67 
ton/h/year, which is compatible to all USA urban trees and very close to naturally, 
regenerated forests.” (Sain & Pervaiz, 2002).  
 
At the cultivation level, industrial 
hemp is known to have specific 
benefits to farmers when used as a 
rotational crop. Multiple studies 
have shown that hemp requires 
fewer pesticides and fertilizers 
than other crops including corn 
and soy. (Fortenbery, 2014). 
While some studies note a high 
water need for hemp, it requires 
significantly less water than 
cotton. (Martino, 2013). This variability is due to seed variety, soil type, and weather 
conditions. Hemp has an extensive root system, which has been shown to help aerate soil. 
Because hemp is typically harvested 6-12 inches above ground level, the nutrients in the 
root system stay in the soil, and the stub helps protect against wind erosion after harvest. 
Hemp is an annual, so it can be used as a rotational crop without jeopardizing quality of 
subsequent crops. In fact, studies show that some crops actually grow better when 
following a rotation of hemp. (Piotrowski & Carus, 2011). In addition, hemp produces a 
large quantity of biomass (2.5-8.7 tons of dry stem per acre) (Ehrensing, 1998) in only four 
months and is a renewable resource. 
 
As a high-value rotational crop, hemp has the potential to create new economic 
opportunities in rural communities. Hemp can be used for thousands of different consumer 
end products. The hemp plant has three useful parts including the exterior fibers, the 
interior shiv or hurd, and the seeds. Thus, the products that can be produced from hemp 
include food, oils, biofuels, fiber, textiles, building material, bioplastics, paper, cordage, 
animal bedding, as well as water and soil purification. (Lawrence, 2014). The primary 
feedstock for ZILA’s bio-epoxy resin is derived from the seeds of the industrial hemp crop 
and can be extracted from the same acreage of crop providing food and fiber, rather than 
in competition with these needs. 
 
Decoupling plastics production from an extractive resource feedstock, particularly through 
development of carbon sequestering renewable feedstocks, is an essential step to advance 
the circular economy as defined in The New Plastics Economy. (World Economic Forum, 
2016). That circular economy is “an industrial system that is restorative and regenerative 
by design. It rests on three main principles: preserving and enhancing natural capital, 
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optimizing resource yields, and fostering system effectiveness.” A shift away from fossil 
fuels is fundamental and necessary in order to convert carbon into durable, non-toxic goods 
via an agriculturally beneficial crop that supports rural economies and communities. That 
shift will also aid in “the development of renewably sourced materials to provide the virgin 
feedstock that would still be required to compensate for remaining cycle losses, despite the 
increased recycling and reuse.” (World Economic Forum, 2016). 
 
Market 
The bioplastics market is expected to reach $68.6 Billion in global demand by 2024, up 
from $21 Billion in 2017. (Allied Market Research, 2018). The ZILA Works technology 
capitalizes on this upward growth and allows for further expansion of bio-based plastics 
for industrial use. 
 
Market research for the ZILA Works flagship product—the bio-based resin—is based on 
the existing data for the plastics industry and the demand for epoxy resins. The plastics 
industry is the third largest manufacturing industry in the United States, employing more 
than 965,000 people, and over 1.76 million people when suppliers to the plastics industry 
are considered. (The Plastics Manufacturing Trade Association, 2017). There are more than 
16,200 plastics facilities in the U.S., with a presence in all 50 states. (Ibid). The U.S. is also 
a major exporter of plastics resin. In 2016, the value for plastic and resin exports was $83 
Billion. (Ibid). 
 
Epoxy resins are one subset of the plastics 
industry, with global demand at $8 Billion 
in 2016. Demand is expected to reach $11.5 
Billion by 2022. (Zion Market Research, 
2018). The demand for epoxy resin in North 
America alone is approximately 20% of 
global demand, or $1.7 Billion. (Ibid). 
 
ZILA Works is initially targeting boutique U.S.-based ski and snowboard manufacturers 
as its entry point to the resin market. Although these companies produce at lower volumes, 
they have high margins, are quicker to adapt new technologies, and charge a premium price 
for their gear, often selling directly to the consumer. These companies (for example, 
Libtech, ON3P, and Wagner) are dedicated to “achieving sustainability in every aspect of 
their production.” (ON3P, 2016). During ZILA Works’ outreach to potential customers, 
companies were quick to list the ways that they have already made progress to reduce the 
impact of their products, such as by using Forest Stewardship Council Certified wood 
cores, natural waxes, and top sheets made of 70% caster bean oil. Eighty percent of these 
manufacturers confirmed that a bio-based alternative to toxic traditional epoxy resin would 
be of interest. In fact, Ken Perkins of Arbor, a California based maker of eco-friendly 
snowboards and skateboards said, “Until somebody really comes up with an alternative to 
the glues and resins, most everything else [in snowboard manufacturing] is pretty toxic. 
There are some phenomenal eco glues out there but nothing that will hold a snowboard 
together for more than an hour. But it’s coming.” (Kerlin, 2008). A quality, bisphenol A 
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(BPA) free, bio-based material that ZILA Works is developing, caters directly to the values 
of these manufacturers and their customers. 
 
These boutique manufacturers are part of a large and growing industry. Spending in 
outdoor recreation is estimated at $646 Billion annually, an “overlooked economic giant” 
according to The Outdoor Recreation Industry. Over $800 Million of that is spent on 
Alpine, Nordic, AT, Telemark, and Snowboard Equipment: snowboards and skis. This is 
close to 750,000 sets of skis and 540,000 snowboards each year, each one requiring one 
liter of epoxy resin, or a total of 1.7 Million Liters of epoxy per year. The total epoxy sales 
for the ski and snowboard industry alone is $24 Million per year. 
 
ZILA Works’ planned second market sector is epoxy resin floor coating systems. The 
global floor coatings market accounted for $1.6 billion revenue in 2015 and is expected to 
reach $2.6 billion by 2022. (Allied Market Research, 2018). This is fueled mainly by rapid 
urbanization and industrialization in China and India, increasing the need for housing and 
commercial infrastructure materials. Epoxy resins used in floor coatings is a large segment 
of this market, accounting for 37.7% of sales, or $1.2 Billion in 2015. (Grand View 
Research, 2018); (Coatings World, 2017). 
 
In the United States, the industrial floor coatings market generated a revenue of $800 
Million in 2016. Within the US, “rising demand for energy efficient green buildings 
coupled with growing emphasis on improving the indoor air quality and occupant health in 
these buildings are expected to augment demand for low VOC waterborne epoxy 
coating....” (Grandview Research, 2018). In fact, “The global green building market grew 
in 2013 to $260 billion, including an estimated 20 percent of all new U.S. commercial real 
estate construction.” (United States Green Building Council, 2015). 
 
Competition 
In 2018, 7.8% of all epoxy resins worldwide were manufactured by three large chemical 
manufacturers: DowDuPont Chemical Company (5.5%), Wacker Chemie AG (1.4%), and 
Hexion (.9%) (IBIS World, 2018). None of these companies currently produce a bio-epoxy 
resin; the methodology for plant-based epoxies previously did not produce a resin meeting 
the rigorous standards of the industry. ZILA Works’ novel approach to maximizing bio-
content and lowering toxicity while maintaining performance characteristics is expected to 
disrupt the epoxy resin industry. The nascent U.S. hemp industry is high risk with variable 
commodity prices, however with an increase in supply, prices will lower and 
stabilize.  Canada’s industrial hemp supply chain is more robust and consistent at the 
current time. 
 
There are only a few smaller companies that have been able to create a bio-based epoxy 
resin, but these companies have not been able to achieve the superior benefits that are 
possible with a hemp-based resin. 
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EcoPoxy announced in December 2016 that its coatings now contain over 50% bio content. 
However, there is limited public information about this claim. The company’s main focus 
is on floor coatings for a variety of industries. (EcoPoxy Coatings, 2018). Moreover, 
EcoPoxy is soy-based, which creates agricultural competition with food production, and 
still contains BPA. Another company, Entropy Resins’ Super Sap System, has gained 
traction in the outdoor industry but was not designed for floor coatings thus far. Entropy 
uses waste products from the biodiesel and pulping industries to create a resin. While the 
product solves a waste stream issue, the feedstocks prevent scalability and do not have the 
same degree of benefits that accompany hemp agriculture. Furthermore, Entropy has ~35% 
bio content and contains BPA. French-based Connora Composites has created an 
innovative, recyclable curing agent (Recyclamine), however their epoxy resins are not bio-
based. Alpas Bio Resins, based in the UK, claims to specialize in bio-composites and bio-
resins, but the products’ bio content is unclear. (Alpas, 2018). Valspar has created a BPA-
free epoxy resin for metal can linings, however it is still petroleum-based. (Valspar, 2018). 
 
Solution 
 

Utilization of renewable feedstocks for polymer products is critical for sustainable 
development of the polymer industry and protection of the environment. Decoupling 
plastics production from fossil feedstocks, particularly through development of carbon 
sequestering renewable feedstocks, would be a ground-breaking step toward the fast 
approaching low-carbon economy. 
 
Not all bioplastics are the same. They vary in production route, characteristics, end uses, 
and applications. (The Society of the Plastics Industry Bioplastics Council, 2012). To date, 
innovations have focused on closing the loop on plastics by extending the life cycle of the 
material, reducing the leakage of plastics into the natural environment, and finding 
alternatives to fossil feedstocks. The advancement in bio-based polymers is mainly seen in 
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thermoplastics such as polylactic acid and thermoplastic starch blends, which are intended 
for biodegradable products and single-use items.  
 
Thermoset plastics offer a superior alternative that forms more complex three-dimensional 
bonding structures during the curing process, improving the material’s mechanical 
properties such as enhanced chemical resistance, heat resistance, and structural integrity. 
Until now, there has been little progress in bio-based thermosetting polymers, especially 
epoxy resins that are widely used for industrial applications such as floor coatings and fiber 
composites. The abundant and inexpensive vegetable oils (Vos) have long served as 
feedstocks for some chemical intermediates and products such as inks, surfactants, 
lubricants, and plasticizers. In recent years, the interest in utilizing Vos as feedstocks for 
polymers, particularly for thermosets such as epoxy resins, unsaturated polyesters (Ups), 
and polyurethanes (Pus), has been growing, in part due to the relative simplicity of 
chemical conversion and the liquid form of the products. However, most VO-based 
thermosets generally exhibit low reactivity, inadequate mechanical properties, and poor 
heat resistance. Therefore, there is a great need to develop new VO-based thermosetting 
polymers. 
 
Currently, other bio-epoxy resins on the market are actually only 30-50% bio-based and 
still utilize a BPA derived epoxy in their formulations. The ZILA Works’ technology 
expands upon this bio-based sourcing to create a resin approximately 85% bio-based and 
completely eliminates BPA. Additionally, the hemp-based epoxy resin has the potential to 
be carbon sequestering. Current estimates are approximately one pound of CO2(e) 
sequestered for every gallon of ZILA bio-epoxy resin produced. This is directly correlated 
to the high biomass per acre yields from the primary feedstock for the resin—industrial 
hemp. Third party verification through Life Cycle Assessment is planned prior to 
commercialization. 
 

ZILA Works received an EPA 
SBIR Phase I award in September 
2017 to formulate the hempseed 
oil-based epoxy resin for use in 
composites for the outdoor 
industry, specifically skis and 
snowboards. The project, 
completed on March 28, 2018, 
developed a synthetic pathway to 
use commercially available 
hempseed oil and functionalize 
with epoxy groups (termed HO-
Bio EP). The synthetic process 

uses a novel approach to use the double bonds in hempseed oil as reaction sites to 
functionalize with epoxy groups. The patent pending process was validated at the lab scale. 
During the formulation work, extensive knowledge was acquired in understanding the role 
of the bio-epoxy molecular architecture, epoxy hardeners, and accelerators and the 
importance of maximizing the cohesive strength of the epoxy matrix. The resulting resin 
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sample was used to manufacture two proof-of-concept prototypes with a world-class 
snowboard manufacturing partner. Subsequent destructive testing on one prototype 
resulting in passing marks and similar performance to the control sample created with their 
current resin system. 
 
Further preliminary results show that this unique approach can closely match the physical 
properties and work life of a commercially available epoxy resin for the second target 
industry—floor coatings. A second grant was awarded in February 2019 by CleanTech 
Alliance to formulate the resin technology for the floor coating industry. The main 
objectives of this research project are custom formulation of the resin, application of the 
resin as a drop-in replacement in manufacturing, and advanced testing for final product 
characteristics. Expected completion of this research project is by the end of Q3 2019. 
 
ZILA Works has two patents pending on its technology and expects to complete the life 
cycle assessment and toxicity analysis by end of 2019. 
 
Conclusion 
 

ZILA Works’ patent pending bio-epoxy resin has the ability to change the way we think 
about plastics. The technology could eliminate the toxins that have plagued the industry 
and caused unintended consequences for our environment.  
 
The next steps to commercialization are: 

• PCT filing and nationalization process 
• Prove scalability of production of the technology 
• Supply chain and raw material evaluation 

 
Once commercialized, ZILA Works expects to break even (B/E) in Q3 of Year 3 based on 
conservative assumption of the initial target market—the ski and snowboard industry. 
Expansion into other outdoor industry and floor coatings markets would expedite B/E. 
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