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Executive Summary

The objective of this research is to examine the feasibility of scaling the bio-based
plastics industry in a sustainable manner, and to evaluate the commercial viability of its supply
chain. Bio-based plastics present a viable alternative to the use of fossil fuels in conventional
plastics by creating innovative plastics from renewable resources that have the potential to be
compostable and emit less carbon dioxide than petroleum-based plastics. Nevertheless, the use
of bio-based plastics presents certain obstacles, such as competition with food production,
limited consumer awareness, and obstacles to achieving cost competitiveness with
conventional plastics.

The report analyzes the current state of the bio-based plastics sector, identifies key
challenges and opportunities, and presents recommendations for sustainably scaling the
industry. As of 2021, the bio-based plastic market is valued at $11.2B USD and is expected to
grow at a rate of 17.02% per year, reaching $46.1B USD by 2030 (Precedence Research). To
identify opportunities for meeting this level of growth sustainably, the Master’s Project team
conducted semi-structured interviews with stakeholders in the bio-based plastics industry and
conducted desk research. The original scope of research was to determine how waste-based
feedstocks for bio-based plastics are defined, however, based on feedback from interviewees,
the Master’s Project team pivoted due to limited demand for waste-based solutions. The team
adopted a more holistic approach to understand the market by analyzing different feedstock
sources and end-of-life (EOL) options for bio-based plastics, as well as the role of the
government and certification services to develop a sustainable, competitive alternative to the
plastics industry.

Based on the report’s findings, a commercially viable and sustainable supply chain for
bio-based plastic can be feasible. The report drew on desk-based research and interviews with
ten stakeholders in the bio-based plastics sector including producers, buyers, certification
services, and non-governmental organizations. As a result, five key areas were identified that
stakeholders in the bio-based plastic value chain should consider to enhance the industry’s
sustainability. These areas include: 1) Design with EOL in mind, 2) Create partnerships with

stakeholders across the bio-based materials value chain, 3) Urge for a global standardized



labeling process, 4) Consider bio-based plastic terminology and use of EOL terms carefully for

better consumer education, and 5) Confirm how feedstock is sourced with suppliers.
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Project Background

Plastics are an extremely lightweight and versatile material fit for a multitude of
applications which has led to the proliferation of plastic production in recent decades. The
increase in the creation of products manufactured from plastic, including everyday essentials
such as wrappers, containers, films, bottles, and straws has also led to the increase in demand
for fossil fuels required to produce such goods. Raw materials used in producing conventional,
petroleum-based plastics are a direct product of crude oil processed at petrochemical facilities
using ethane crackers. This process emits large amounts of carbon dioxide and other pollutants
into the atmosphere, contributing to human-induced global warming. The impact that plastic
has on the environment is worsened by the rates at which plastic leaks into the environment
and pollutes oceans and waterways. Plastics that enter the environment typically get there
through litter, runoff from streams and rivers, and illegal dumping (Ritchie and Roser).
According to the EPA, in 2018, roughly 35 million tons of plastic was produced in the United
States, yet only 3 million tons was recycled, equivalent to an 8% recycling rate (US EPA).

In response to the issues surrounding plastics and the environment, as well as mounting
pressure from the government to fight the urgent threat of climate change, non-profits,

consumers, plastic producers, and other industries have explored alternatives to conventional,



petroleum-based plastic. Such alternatives include bio-based plastics which are manufactured
using “renewable agriculture and forestry resources” including corn and sugarcane (Arikan and
Havva). One of the primary advantages of using renewable resources for plastic production is
the savings in carbon dioxide emissions. Compared to conventional plastic, the bio-based
plastic production process emits 30-70% less carbon dioxide into the atmosphere and requires
65% less energy (Precedence Research). See Appendix 8 for more information on carbon and
bio-based plastics.

The environmental benefits of bio-based plastics have led to its adoption across a
variety of industries. In 2021, the market for bio-based plastics was valued at $11.2 billion and
is expected to grow to $46.1 billion by 2030. The market had a compound annual growth rate
(CAGR) of 17.02% during the same period (Precedence Research). Today, bio-based plastic
serves a variety of applications and can be found in the food service, consumer packaged
goods, automotive, and fashion apparel industries (European Bio-based plastics).

Although there has been adoption across markets and sectors, questions have been
raised around the environmental and social impacts of bio-based plastic production. A principal
challenge within the supply chain for bio-based plastics is that large amounts of land are
required to produce raw inputs derived from plants such as corn and sugarcane. This problem
with bio-based plastics is akin to what happened with biofuels which were originally touted for
their environmental credentials, yet later received criticism for contributing to global hunger by
taking away land that could have been used to grow crops for human consumption (Monbiot).
Issues also arise further down the bio-based plastics value chain where bio-based materials that
end up in landfills remain there for centuries and releases methane into the atmosphere much
like conventional plastics (Robbins). This Master’s Project (MP) reviewed existing literature and
interviewed producers, buyers, and NGOs to better understand the environmental benefits and
challenges associated with bio-based plastics. Additional information on the initial structure of

this MP is available in Appendix 1.

Note on Definitions: Bio-based, biodegradable, and compostable plastics

The term ‘bio-based plastics’ has often been misunderstood to refer to plastics that are

bio-based, biodegradable, or both. Firstly, the term ‘bio-based’ refers to a material’s origin — if



it was wholly or partially derived from biomass resources (Ellen Macarthur Foundation). The
EOL pathway of the material is either termed ‘biodegradable’ or ‘compostable.” These terms
are not equivalent, nor interchangeable. Simply put, ‘biodegradable’ means that a material can
be broken down by microbes over time. Alternatively, ‘compostable’ means a material can be
broken down in a reasonable amount of time. Generally, if a “compostable product is placed in
a commercial compost facility, it will take less than 180 days to completely decompose”
(Biomass Packaging). The type of feedstock that the plastic is made of will also affect how

quickly the product will decompose.

However, bio-based plastics are not necessarily compostable. Bio-based plastic
feedstocks are either designed for bio-polyethylene terephthalate (bio-PET) recyclability or the
biological cycle, such as polylactic acid (PLA)-based plastic for industrial composting, or
polyhydroxyalkanoate (PHA)-based plastic for home composting purposes. The term ‘bio-based
plastic’ can be seen as misleading — indicating that a plastic is either made from bio-based

material or biodegradable without specifying which.

For consistency, this paper will use the term ‘bio-based plastic.” When appropriate,
‘biodegradable’ or ‘compostable’ will be added to specify the EOL for a bio-based plastic. The
nuance between terms in the bio-based plastics space is an indication that this industry is still

evolving.

Research Methods and Interviews

The research portion of the Master’s Project involved a two-phased approach. The first
phase was a literature review, encompassing scholarly resources that were available from
credible internet sources (e.g., Google Scholar). The second phase of the Master’s Project was
set aside for interviews with producers, buyers, certifiers, and NGOs that are in the bio-based
plastics space. The informational interviews were an important part of the project that
provided information that may not be publicly available. The information given in our
interviews included the current challenges affecting the bio-based plastic industry, legislation
and regulatory policies for bio-based plastics, and potential input sources for bio-based plastic

(e.g., food scraps, sugarcane, etc.). The interviews were useful to understand what constitutes



as a ‘waste,’ the trade-offs between the feedstock (beginning-of-life) that go into a product and
its effect on a product’s ability to break down (end-of-life), as well as the current development
and response from industries that are looking to use bio-based plastics. Details on the format of

the interviews and questions are detailed later in the report.

Feedstock Types: First, Second, and Third Generation

Before continuing with the research, it is important to establish the feedstock types for
bio-based plastics, as that is a key component of the supply chain. There are three generation
types: first, second, and third that will be defined below. These renewable raw materials create

bio-based plastics such as PLAs and PHAs.

Polylactic Acid (PLA) vs. Polyhydroxyalkanoates (PHAs)

Bio-based plastics can be made from polylactic acid (PLA) or polyhydroxyalkanoates
(PHA). PLA is a bio-based polymer, most often made from corn starch or sugarcane. PLAs can be
chemically recycled back into their raw material or composted. However, this requires the use
of specialized recycling and composting facilities and cannot be done in most common
municipal recycling facilities (“What is PLA’). Most bio-based plastics are made from PLAs. On
the other hand, PHAs are a group of natural biodegradable polyesters that are synthesized by
microorganisms. PHA is created through the bacterial fermentation of sugars and lipids. They
are biodegradable and compostable, but they have poor mechanical qualities and high
production costs (Li et al.). According to a recent report by Markets and Markets, the PHA
market is estimated to reach $167 million by 2027 with a growth rate of 15.3%. This growth is
attributed to the increasing demand for biodegradable solutions. Additionally, the possibility of
more stringent environmental standards across the globe may help increase this market’s size

(Markets and Markets).

First Generation Feedstocks

First generation feedstocks are crops and plants that are high in carbohydrate content
and can be used for food and animal feed. First generation feedstocks are typically viewed as
more efficient than other feedstock generations since first generation sources require less land

and tend to have a higher yield (Barrett; Wellenreuther and Wolf). The most common types of



first-generation feedstocks are traditional agricultural products, such as corn and sugar
cane/beet. In the US, the corn used for bio-based plastic feedstock is referred to as “industrial
corn” and under that argument, does not compete with human food production. Other, less
common, first-generation feedstocks include wheat, rice, and potato (Wellenreuther and

Wolf).

Second Generation Feedstocks

Second generation includes feedstocks that are “not suitable” for food or animal feed.
These can either be the nonedible byproduct crops such as perennial grasses, fast-growing
trees, or by-products (e.g., corn stover, wheat straw, used cooking oil). All forms of these
feedstocks require treatment to produce a bio-based plastic polymer such as PLA and PHA. The
type of by-product used will depend on whether the plastic is suited to be a PLA or
PHA. Second generation feedstocks have typically been used for the biofuel industry. Within
the bio-based plastics industry, the process to make them more readily available has been a

complex and less developed process in comparison to first generation feedstocks.

Third Generation Feedstocks

Third generation feedstock is a general term that refers to inputs not covered by first or
second generation feedstocks, and includes non-food resources such as waste, CO2, algae and
more. Third generation feedstocks are derived from the cellulose contained in biomass. Sources
of waste used for third generation feedstocks include municipal and industrial waste streams.
Scientists at Texas A&M University are currently testing CO2 as a third-generation feedstock by
capturing CO2 in the atmosphere and re-using it to cultivate bacteria that can be used to

produce bio-based plastics (White, Helen).

Key Distinctions Between Feedstock Generations:

In general, first generation feedstocks are less expensive than second and third
generation feedstocks and have greater supply availability. Third generation feedstocks are the

most novel and are therefore the most expensive and the most limited in supply availability.

The EOL of a bio-based plastic depends not on the feedstock, but on what polymer is

created from that feedstock. For example, corn can be used to create both recyclable bio-based



plastics and non-recyclable bio-based plastics. First and second feedstocks are often used for
PHA and PLA bio-based plastics, which can be landfilled or recycled when the proper
infrastructure is available. Third generation feedstocks are often used by start-ups or in lab-
scale innovations. These more novel feedstocks are typically used in bio-based plastics designed
to be compostable to address concerns with landfilled plastic. However, it is difficult to prove
that a recyclable bio-based plastic is in fact recycled, or that a compostable bio-based plastic is
in fact composted. The table below uses “potentially” recyclable and compostable to address

this uncertainty.

Finally, whether a feedstock competes with food production depends on the feedstock
source. As argued by companies such as Covation Biomaterials (see interview notes in the
Appendix), using industrial corn, i.e., corn that is grown for industrial purposes, does not
compete with human or animal feed. However, some may argue that the land used for
industrial corn should be used for food production, thereby making a first generation corn bio-
based plastic less sustainable. Second and third generation feedstocks do not have the same
concerns because the sources are often inedible crops or non-food resources, such as algae. A

table summarizing the differences between these feedstocks is available in Appendix 2.

Overarching Research Question: Could a bio-based plastics supply chain

become a commercial reality?

The following questions were used to guide the MP team’s research and understanding
of how a bio-based plastics supply chain could become a commercial reality:
e  Will consumers value bio-based materials?
e s there adequate commercial incentive to resolve remaining technical barriers to scaling
bio-based plastics?
e (Can bio-based plastics coexist with the need to meet biofuel demand?

e What considerations exist for bio-based plastics end of life?

The question of whether bio-based plastics can be a “commercial reality” was expected

to be qualitative, not quantitative. As for how the MP team defined “sustainable,” the client

10



gave the guidance that “sustainable” is what meets the stakeholder’s expectations. For
instance, consumers likely don’t want to purchase bio-based plastics that compete with food
production, or perhaps they don’t want to purchase bio-based plastics that are not recyclable
or compostable. Finally, EOL considerations were originally not a focus of the MP research.
However, after several interviewees brought up EOL concerns with bio-based plastics, the team
decided to include EOL in the new scope of research. The MP team wanted to understand what
needed to happen at the beginning of the value chain to ensure that the bio-based plastics can
be recycled or composted appropriately (i.e., considering the whole value chain of bio-based
plastics). For this report, a “sustainable” bio-based plastics supply chain is one that 1) does not
compete with food production, 2) helps to reduce plastic waste in landfills, and 3) is cost-

competitive with fossil fuel-based plastics.

Interview Insights: Sustainable Bio-Based Plastics Space is Evolving

Ten total interviews were conducted during December 2022 and January 2023.
Stakeholders were identified by searching on LinkedIn for relevant companies and Duke alumni,
as well as connections through the MP advisor and interviewees. The MP team interviewed four
buyers of bio-based plastics (Aptar, Cove, Eco Products, and Seventh Generation), four
producers (BASF, Covation Biomaterials, PHA Inc., and a compostable food packaging
producer), and two non-governmental organizations (NGOs) (the Biodegradable Products
Institute and the Plant Based Products Council), for a total of ten interviews. In this case,
“buyers” refers to companies that purchase a bio-based plastic input to be used in their
packaging or product, and “producers” refers to companies that make the bio-based plastic

input.

It is important to note that the interviews with producers and NGOs were biased in
favor of bio-based plastics as these stakeholders have vested interests in promoting and selling
bio-based plastics. The interviews with buyers were less biased toward bio-based plastics and
provided us with more nuance around the issues of EOL and consumer perception. However,
one of the buyers interviewed (Aptar) does not currently purchase bio-based plastics. These

companies are considered buyers because they would theoretically purchase bio-based plastics

11



from producers, however, the MP team was not able to secure additional buyer interviews to
gain insights from other companies currently purchasing bio-based plastics. Finally, the
interviews were conducted with one representative of each company which can skew
responses depending on the title of the representative. Interviewees roles included
sustainability, research & development, and regulatory managers, which each have a different

view on bio-based plastics.

Several producers indicated that a main driver for developing bio-based plastics is
lowering the carbon footprint of plastics, and that is what most of their customers seek when
purchasing bio-based plastics. There also appears to be significant promise and demand for bio-
based products for food packaging. However, producers of bio-based plastics are not able to
compete with fossil fuel plastics on price quite yet. This was true even of the large producers,
such as BASF, which indicated that their bio-based products have a price premium that not all
customers are willing to pay. The decision of what feedstock to utilize often comes down to
availability and price of that input. For example, Covation Biomaterials sources first generation
corn because of the price and availability within the US. Additionally, BASF stated that their
biggest challenge is the logistics of sourcing the bio-based feedstocks, such as ensuring that
sufficient supply is available close enough to the manufacturing site to make the sourcing cost-

effective.

The importance of regulatory support for bio-based plastics came up in several
interviews. The Biodegradable Products Institute (BPI) suggested that the industry would
benefit from federal funding to support sustainable EOL infrastructure for bio-based plastics.
Covation Biomaterials also believes that governmental support for bio-based plastics and
consistency between national governments would help the bio-based plastics industry scale,
thereby helping it become more cost competitive with traditional plastics. Finally, a recurring
issue throughout the interviews was the topic of sustainable EOL options for bio-based plastics.
Bio-based plastics can be made compostable, but that compostability depends on a locality
having the proper infrastructure to compost the product. The need for increased city, state, and
federal regulation on EOL of bio-based plastics and the standardization of the terms

“compostable” and “biodegradable” was a theme in the interviews.
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Do Bio-Based Plastics Compete with Food and Bio-Fuel Production?

The tension between bio-based plastics and biofuels using the same feedstocks was
brought up by the client and came up in an interview with BASF, a multinational chemical
company, as a key question of whether bio-based plastics can ever be sustainable. This led to
online research about biofuel demand and input sources to identify whether there is indeed
competition for feedstock sources between biofuels and bio-based plastics.

Before understanding competition between biofuels and bio-based plastics, it is
important to understand the importance of biofuels. Biofuel demand in the US has increased
significantly since the 1980s in large part to government policies and incentives aimed at
reducing fossil fuel usage. In 2021, the US produced 17.5 billion gallons of biofuels and
consumed about 16.8 billion gallons. The growth in biofuel demand is expected to continue in
the US, and globally. The International Energy Association (IEA) predicts that demand for
biofuels will grow by 28% from 2021 to 2026 (“Renewables 2021").

As of now, the main feedstock for ethanol production in the US is corn. This poses
concern for biofuels and bio-based plastics buyers who do not want to purchase bioeconomic
products that could potentially compete with food production. Regarding biofuel production in
the US, the US Department of Energy (DOE) limits the volume of biofuels produced to 15 billion
gallons a year, which they claim, “ensures there are enough feedstocks to meet demand in
livestock feed, human food, and export markets.” (US Department of Energy). Ethanol can also
be made from cellulosic feedstocks (i.e., non-food based, such as wood residues or energy-
dedicated crops). According to the US DOE, cellulosic feedstocks are abundant and can be
grown on land not ideal for other crops (US Department of Energy). While this might be good
news for biofuel producers, it might mean that waste-based inputs are being directed toward
biofuel needs rather than bio-based plastics production. One can expect that unless bio-based
plastics are allocated a certain amount of annual ethanol production, corn-based bio-based
plastics will be in competition with corn-based biofuels to some degree.

There are also concerns that biofuels are facing a feedstock shortage, which would
almost certainly hurt the feedstock availability of bio-based plastics. According to the IEA,

demand for “vegetable oil, waste, and residue fats” is expected to increase 56% to 79 million
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metric tons from 2022 to 2027 (“Feedstock Crunch”). “Fuels made from wastes and residues
are in particularly high demand because they satisfy greenhouse gas emissions and feedstock
policy objectives in the United States and Europe...demand is approaching the supply limits of
the most-used wastes and residues.” (“Feedstock Crunch”). However, increasing prices for
waste-based inputs would likely incentivize new suppliers to arise which could help decrease
the feedstock shortage. Furthermore, the IEA predicts that compared to waste-based inputs,
sugars, and starches used to produce ethanol are facing less demand and supply pressure. This
is because while sugar and starch demand are rising to keep up with biofuel demand, the
production of sugarcane and corn is growing in tandem. This keeps the share of corn and
sugarcane allocated to biofuel production relatively flat in IEA’s biofuel feedstocks supply and
demand forecasts (“Feedstock Crunch”). Although the MP team was not able to find direct
comparisons between biofuels and bio-based plastics feedstock demands, the expected
increase in biofuel demand and therefore biofuel feedstock demand will likely put pressure on
the bio-based plastics supply chain and potentially limit its growth.

Given that biofuels are produced using similar feedstocks as bio-based plastics, it is
reasonable to think that bio-based plastics will face similar public scrutiny for competing with
food resources as the bio-based plastic industry grows. Producers of bio-based plastics have a
different perspective, although it must be noted that these producers have a bias and a need to
protect their business. For example, NatureWorks, a bio-based polymer manufacturer, claims
that “it’s not food or bioplastics. It's food AND bioplastics” (NatureWorks).

Companies such as NatureWorks claim that their feedstock, industrial corn grown in the
US, is grown for both feed and industrial use. In the US, there is “field corn” and “sweet corn.”
Field corn is grown with the intention of being used for livestock feed, ethanol production (i.e.,
biofuels and bio-based plastics), corn starch, flour, or syrup, while sweet corn is grown for
direct human consumption (Nebraska Corn Board). From the perspective of interviewee
Covation Biomaterials, corn used for bio-based plastics is not in competition for human food
production. Covation Biomaterials also indicated that they often must educate concerned

customers about bio-based plastics competing with food production.
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Producers in the bio-based plastics space argue that their products can be produced in
harmony with food sources and argue that the total land area used for bio-based plastics is a
small fraction of the world’s agricultural land use. According to recent research from European
Bioplastics and the Nova Institute, the land used to grow bio-based plastic feedstock is 0.015%
of the world’s agricultural area (“Bioplastics Market Data”). With the expected bio-based plastic
market growth, the land-use share of bio-based plastic feedstock is expected to grow by 0.02%
to expected to reach 0.035% of total arable land use (European Bioplastics 2020). In 2022,
European Bioplastics estimated that global bio-based plastic production took 0.02% of global
arable land and is expected to increase to 0.06% of land by 2027 ("Bioplastics Market Data”).
Managing Director of European Bioplastics, Hasso von Pogrell, believes “there is no competition
between renewable feedstock for food and feed and the use for bioplastics” (“Market Update
20207).

However, this begs the question of how bio-based plastics compete with agricultural
land as bio-based plastics scale in production. One study estimated that switching the world's
fossil-based plastic use with bio-based plastics would require 54% of the world's total 2019 corn
production, which is impractical (Brizga et al.). To counter, European Bioplastics states that
“even if we would base all present world-wide fossil plastics production on biomass as
feedstock instead, the demand for feedstock would be around 5 percent of the total amount of
biomass produced and harvested each year” (“How much agricultural area”). Bio-based plastics
representatives claim that a significant increase in arable land requirements is unlikely to occur
as the industry is exploring second and third generation feedstock sources to reduce the arable
land burden (“How much agricultural area”). Bio-based plastics market projections beyond
2027 are not readily available, but it is reasonable to assume that using first generation biomass
for an increasing quantity of bio-based plastic supply will result in more arable land going to
plastic production. Unless significant technological developments occur for second and third
generation feedstocks, the desire to claim harmony with food and bio-based plastic production

is likely to limit the growth of the bi-based plastics market.

The Bioplastics Feedstock Alliance (BFA) is working to address industry concerns with

feedstock sourcing and concerns over land use. BFA's Methodology for the Assessment of
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Bioplastic Feedstocks helps guide companies looking to measure and assess land use change
related to their bio-based plastics supply chain. BFA recommends growing feedstocks on
degraded or underutilized land that cannot be used for other agricultural processes.
Additionally, BFA suggests companies consider waste feedstocks, stating, "In using waste and
residues there must be strong assurance that these materials are truly waste and not being
displaced from other uses, for example, to be left on the field to prevent erosion and reduce
nutrient loss" (Bioplastic Feedstock Alliance). This is what Covation Biomaterials does, although
they did not specify the BFA methodology as their guiding resource during the MP interview.
None of the interviewees mentioned the BFA methodology on the call, so it is unclear how

widely adopted the methodology is within the industry.

Despite calls from the industry to source more waste feedstocks, uptake for waste
inputs has been slow and mostly at pilot stages. For example, this year, researchers at Virginia
Tech received a US Department of Agriculture grant to test the feasibility of creating bio-based
plastics from food waste from landfills. This is a three-year grant aiming to keep the costs of the
created bio-based plastics low (Esterhuizen). One can expect that if this research is successful in
producing a low-cost bio-based plastic from landfilled food waste, that there will still be a lag
from this research to application at scale. Additionally, using second and third generation
feedstocks requires additional steps and processing to make the input usable for creating bio-
based plastics (Rosenboom et al.). Finally, waste feedstocks are only available in relation to the
main product that creates the feedstock as waste. For example, corn stover (a by-product of
corn production) can only ever be produced as long as corn is produced. Additionally, the
production of sugar bagasse (waste residue resulting from extracting sugarcane juice) is
connected to how much sugarcane is produced globally. This caps bio-based plastics' growth

from waste inputs.

Bio-based plastic producers must be mindful of potential feedstock limits and the
possibility of competition with biofuels. To address this, producers should build more diverse
supplier relations as well as identify and source alternative feedstocks to build a more resilient

supply chain that is less in direct competition with biofuels or food. However, there remain
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technical barriers to scaling the use of second and third generation feedstocks, which will be

discussed next.

Is There Adequate Commercial Incentive to Reduce Technical Barriers to

Scaling Bio-Based Plastics?

Interviews revealed that there are fewer barriers to developing first generation bio-
based plastics since those have been in existence for longer than second and third generation
types. For this section, the focus is on second and third generation waste-based bio-based
plastics, which are created from byproducts of first-generation feedstocks, such as corn stover,
or more novel feedstocks such as algae. There are many technical limitations that prevent their

wide scale use.

The most popular bio-based plastic in the second-generation category is PHAs. They are
typically made from food waste materials like cooking oil and straw. Depending on the process
used to make a specific strain of PHA, these materials can be fully biodegradable, fully
compostable (both industrially and at home), and recyclable. PHAs are considered a large
category of biologically synthesized polyesters that have similar technical specifications and EOL
capabilities. There are many different bacteria strains that produce PHA (Sehgal and Gupta), but
over 100 monomers exist to create derivatives like Poly (3-hydroxyalkanoates) (P3HB), one of
the most common types of PHA (Greene, Joseph). For the scope of this project, the focus is on

the larger PHA category.

This section will examine the technical barriers preventing wide scale production of
PHAs. Figure E depicts the general process used to create PHAs. Within this process, studies
indicate that the limiting factors for scaling production are substrates, bacterial strains,
downstream recovery, and a lack of process optimization (Tsang, Alves). These limiting factors
increase the production costs of PHA and limit its scalability. Further information on each

limiting factor is discussed below.

Substrates
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Substrates are the medium (i.e., food) bacterial cells use during fermentation to create
PHAs. As seen in Appendix 4, Figure F, substrates account for 40-50% of the total production
costs of PHA (Braunegg, Nath). They can be expensive to obtain depending on the feedstock
used. Some studies have found that mediums made with mixed food waste provide a potential
option to reduce the cost associated with substrate procurement (Tsang). The drawback with
this option is that depending on the waste feedstock used as a base, this could compete with
food production in a different way than first generation feedstocks. For instance, both cheese
whey and straw are considered waste products and could be feedstocks that produce PHAs. But
both these items can also be used in the secondary market for cheese and cattle respectively
that could compete with food production. Thus, using either in a large quantity for PHA
production could affect the cheese and cattle production industries. Some promising renewable
substrate suggestions question Crude glycerol (Salakkam), Molasses (Rathika), Wastewater
(Reddy), Cheese whey (Paris), and Waste Cooking oil (kumar). These were taken from a
literature review from Gahlawat, Figure G in Appendix 4, detailing the most viable PHA-

producing substrates (Gahlawat).
Bacterial Strains

Depending on the microorganism used in the fermentation process, varying PHA yields
are possible. One study identified over 15 different strains of bacteria that produce PHA (Sehgal
and Gupta) at about a one to half ratio. This means that of the most popular bacteria strains, 1
kg of feedstock does not produce 1 kg of PHA. Unfortunately, the cost of feedstock can
sometimes be prohibitive due to availability. Mix this with its corresponding bacterial strain and
extraction process, production costs skyrocket. This is why PHA production optimization is still
in its infancy as all these variables are optimized before it can be produced at scale. The same
crude glycerol substrate can be used by multiple strains of bacteria and have low or high yields.
PHA production per cell can range anywhere from about 55-85% of the cell’s dried weight
(Gahlawat). Choosing the most ideal microorganism for a particular substrate and downstream
recovery process is critical for reducing overall production costs for PHAs. Currently there are
bacterial strains that are widely used, but this choice cannot be made in isolation if the goal is

to optimize PHA production (Greene, Joseph).
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Downstream recovery

As mentioned briefly above, the type of bacterial strain and substrate used dictate the
overall yield of PHAs. This is measured by taking the bacterial cell’s dry weight before and after
PHA recovery occurs. This stage also requires specific extraction methods to ensure the
successful recovery of the bio-based plastic. These methods can include toxic solvents that
make the process difficult to do and expensive to obtain (Gahlawat). At this step in the process,
finding ways to recycle non-toxic solvents for reuse in the recovery process would help to
decrease the cost of production. Some of the most cost effective, high yield production
conditions are not considered environmentally friendly (Pagliano et al.). Halogenated solvents
have shown high recovery yields for PHA, but they are toxic to the environment and people. A
good example here is chloroform, a potential solvent, but it is detrimental to a person’s internal
organs. Additionally, these halogenated solvents are derived from fossil-based fuels during their
creation process (Pagliano et al.). Thus, putting into question the sustainability of PHA

production if halogenated solvents are used.

A potential solution is to use halogen-free solvents that are non-toxic and/or derived
from bio-based sources. Esters could be a potential alternative but, they are still in the lab
testing process to optimize their PHA extraction yield. (Pagliano et al.), (Sehgal and Gupta).
However, many factors can influence extraction yield including separating the solvent from PHA
once extracted, the temperature of the process, the strength of the bacterial cell walls, and

even the quantity of solvent needed during extraction.

There are studies that have shown enzymatic extraction processes can also produce
high yields of PHA but, these methods are expensive (Pagliano et al., Sehgal and Gupta). This

extraction process is more complex and there is a high cost associated with procuring enzymes.
Process Optimization

As shown in Appendix 4, Figure E, the process to create PHAs is long and complex. Each
step has its own challenges and variability to keep this bio-based plastic from being
commercially viable. There are possible individual solutions to improve steps of this process,
but more experimenting is required to create the optimal process to reduce production costs.
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During the interviews, PHA Inc. (a PHA producer who wished to remain anonymous) confirmed
they made PHAs from a second generation or third generation feedstock. This company is a
startup that is still in the prototyping phase. Larger manufacturers that the MP team had
conversations with who made bio-based plastics stuck to PLAs as they do not have some of the
roadblocks that PHAs show. Now, we will discuss a major piece of the bio-based plastics value

chain: consumers.

Do Consumers Value Bio-Based Plastics?

Consumers are a critical business stakeholder. To make a new sustainability system last,
consumers must accept it. Adopting “green” products has typically been seen as difficult
because people have various levels of awareness of a product’s environmental impact. The MP
team’s literature analysis aligns with concerns brought up in interviews and indicates that the
major factors influencing consumer attitudes towards bio-based plastics have been based on
environmental concerns, personal beliefs, and emotions as well as trust in the safety of the

product.

Current literature has identified there is a lack of knowledge on bio-based plastics by the
average consumer (Notaro et. al; Filho et. al; Kainz et. al) (see Appendix 3 for further data). The
study concludes that the biggest factors in the use of bio-based plastics were limited
availability, lack of information surrounding the products, and inflated costs associated with the
products (Filho et. al). These conclusions suggest that bio-based plastics are wanted in the
market at an affordable price, and that consumers want to understand what they are buying.
The study came to a similar conclusion noting that their participants were interested in buying
bio-based plastics and were willing to pay slightly more if they understood what they were
paying for. In summary, the factors that hinder a consumer’s purchase of bio-based plastics
include limited availability, high cost, lack of information on the product’s properties, and little

awareness about their benefits.

This study gives a good indication of how bio-based plastics are projected to grow, as
consumers are interested in being more environmentally conscious. Nevertheless, consumers

don’t fully understand what they are purchasing. Educating consumers on bio-based plastics is
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essential to make bio-based plastics a viable alternative. Finally, even if consumers are well
educated on the benefits of bio-based plastics, they must be educated on EOL options for the

products to have a sustainable bio-based plastics supply chain.

What Are the End-of-Life Options for Bio-Based Plastics?

Bio-based plastics can be designed for a range of EOL treatment options including reuse,
recycling, composting, and energy recovery. Bio-based plastics can also be disposed of in
landfills or enter the environment as litter, where these materials can degrade in both aerobic
and anaerobic environments. However, they will emit methane into the atmosphere under
anaerobic conditions (Cho). Therefore, it is important to understand the various treatment
options for bio-based plastics, and to design new products and materials with the end of life in
mind. Ultimately, the best EOL treatment for any bio-based plastic product is a function of “the
material, its volume on the market, and available collection and processing infrastructure”
available in the end market (Fredi and Dorigto). According to the Ellen Macarthur Foundation,
32% of plastic packaging enters the environment, 8 million tons of which ultimately ends up
polluting the world’s oceans (Ellen Macarthur Foundation). Moreover, any effort to reduce
plastic pollution through material innovation should be accompanied by regulation and
infrastructure development to improve the management and disposal of plastic waste including

bio-based plastics.

End-of-Life Treatment Options for Bio-based plastics

Reuse

A variety of bio-based plastic products including packaging, food ware, and other
durable goods can be designed to be reused multiple times throughout a product’s life cycle.
Plastic products designed for reusability decrease the need for virgin materials, energy
consumption, and greenhouse emissions by limiting the production of new products. Reusable
bio-based plastics are good substitutes for single-use plastic products including food service
ware and packaging that enter the waste stream following a single use (Plant Based Products
Council). However, durable bio-based plastics have limited testing in consumer-packaged goods

or foodservice ware applications.
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Recycling

Recycling bio-based plastics keeps valuable resources out of the landfill or the
environment by recirculating materials in the economy. The recyclability of bio-based products
depends primarily on the biological materials themselves. ‘Drop-in’ bio-based plastics including
BioPolyethylene (BioPE) and BioPET can be recycled alongside conventional plastics in current
recycling streams due to their chemical similarities (Lamberti). New types of plastic, however,
such as PHA or PLA must be separated and recycled in different waste streams using specific
technology (Lamberti). Another significant barrier to bio-based plastic recycling, particularly for
PHA and PLA, is that these items have relatively low volumes in the marketplace, which limits

the incentives to develop proper sorting and recycling infrastructure (Total Energies).

Organic Recovery and Composting

Biodegradable or compostable plastics can divert organic waste from landfills and
reduce environmental impacts in the event of leakage into the environment. Bio-based plastics,
particularly PLA, PHA, can degrade under biological processes depending on the chemical
structure, temperature, humidity, and microbiological environment (Total Energies). The
biodegradability of bio-based plastics can vary greatly based on a variety of factors, and,
therefore, it is important to certify products according to internationally recognized standards.
Biodegradation can occur in either industrial compost facilities, referred to as organic recycling,
or compost in the natural environment. The EU has adopted a range of standards including EN
13432 and EN 17427 that define the requirements for bio-based plastics materials to degrade in
either industrial or home-composting environments, respectively (European Bioplastics). In the
United States, standards for industrial composting include ASTM D6400 and D6868 (ASTM). The
Biodegradable Products Institute provides third-party verification of ASTM standards and has
partnered with packaging manufactures, retailers, and food and beverage companies to certify

compostable products.

Designing for End-Of-Life
The EOL treatment of bio-based products depends on the bio-based plastic material

used, volume of that material on the market, waste treatment infrastructure, and demand for
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that material in secondary markets. Therefore, bio-based materials should be selected to meet
a specific EOL treatment option based on the location in which the product is sold and available
waste treatment options. The intended function and end-use of a bio-based plastic product
should also inform the designer and product manufacturer of which bio-based plastic material
to select. As an example, take a manufacturer of food-service ware items including cups and
cutlery designing a new bio-based product for a customer that operates sporting venues.
Venues operate as closed systems in which plastic items are introduced and discarded in the
same location, and plastic items are often contaminated with food waste. Designing
compostable foodservice ware allows the end user to organically recycle or compost food
waste and contaminated plastics in a single waste stream. Bio-based plastics including
compostable and biodegradable plastics will play a vital role in decoupling new product

innovation with the consumption of fossil fuels and the transition towards a circular economy.

Current Legislation and Standardization for End-of-Life for Bio-Based Products

The issue of a lack of standardized terminology for bio-based products came up in
several interviews (BPI, Eco Products, and anonymous food packaging company) and is an
important component of designing for EOL of bio-based plastics. Using inconsistent terminology
confuses consumers, which can lead to misplacing bio-based products in the incorrect waste
management streams. Although there is no mainstream standardization movement in the US or

Europe, there are US and EU certifications and standards that have gained traction.

What Standards are Currently Available to Verify a Bio-Based Plastic?

Standards in the United States
‘Beginning-of-life' Certification for Bio-Based Plastics

The 2002 Farm Bill created the BioPreferred Program, managed by the U.S. Department
of Agriculture (USDA). The goal of the BioPreferred Program is to increase the purchase and use
of biobased products. The two major parts of the programs are: 1) mandatory purchasing
requirements for federal agencies and their contractors and 2) a voluntary labeling initiative for
biobased products. Consumers can trust the USDA Certified Biobased Product label because the

biobased content claims are third-party certified and monitored by the USDA. Currently, the
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program is voluntary at the companies’ end. Companies must submit their product information
to receive approval of use for the USDA BioPreferred label. While the program does not offer its
participants financial support, the USDA does provide a list of loans and grant opportunities, so
biobased businesses benefit from these economic resources. More information can be found
on the Bio Preferred Program page for USDA Loans and Grants (found in the appendix).

The U.S. Farm Bill has also established specific requirements for both buyers and sellers
of biobased products. For buyers of biobased products, the Federal Acquisition Regulation
(FAR) Part 13 of the Farm Bill provides specific requirements for the purchasing of biobased
products. Every five years the requirements are updated in accordance with the Farm Bill
schedule. All companies and/or products that have been laboratory tested and third-party
certified are included in an electronic inventory list that the Federal Government, commercial
buyers, and consumers can access before signing contracts or making product purchases.
Sellers of bio-based products are filtered depending on the product category and given a
description with the intended percentage amount of biobased content it possesses. Bio-based
products that fit within one of the 139 product categories identified by the USDA must meet or
exceed the minimum biobased content requirement for that product category (the minimum

biobased content is currently set at 25%).

‘End-Of-Life' Certifications for Bio-Based Plastics

The Biodegradable Products Institute (BPI) is the current standard in the U.S. for
composting. BPI uses the American Society for Testing and Materials (ASTM D6400 and ASTM
D6868) standard to certify products as compostable. Standard ASTM D6400 applies to products
made from plastics that are designed to be composted in a commercial composting facility.
Standard ASTM D6868 covers laminated paper and sugarcane items that are designed to be
composted in commercial composting facilities. Both are options for bio-based plastic

producers to consider if they are creating products covered under the BPI ASTM standards.

Standards in the European Union

The European Committee for Standardization created a technical committee for

biobased products in 2011. The technical committee’s main task is to develop standards for
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biobased products that cover consistent terminology, sampling, certification tools, biobased
content as well as the life cycle analysis of a biobased product. The standards act as an outline
that eco-labels can then follow in their certification characteristics that a company must then
meet to use an eco-label. The standards developed by the committee can be found in Appendix

10.
Ecolabelling in Europe

Ecolabelling is a “voluntary system that officially identified and certifies that certain
products or services, regarding their entire life cycle, have less impact on the environment (EU
Ecolabel).” All ecolabels in Europe follow the regulations outlined by the International
Organization for Standardization (ISO) (ecolabelling types created by ISO can be found in
Appendix 10). The most common certification for compostability is ‘The Seedling.” All products
that are certified under this label are according to EN 13432/ 14995 standards (Guidelines for

using the logo are found in Appendix 10).

The research on producers, consumers, regulations, and EOL options outlined above

informed the MP Team’s final recommendations, discussed below.

Recommendations for How a Bio-Based Plastics Supply Chain can be

Sustainable and a Commercial Reality

Bio-based plastics have pros and cons as outlined throughout this paper. As a reminder,
a “sustainable” bio-based plastics supply chain was defined as one that does not compete with
food production, helps to reduce plastic waste in landfills, and is cost-competitive with fossil
fuel-based plastics. Based on the findings through primary and secondary research, there are
several recommendations for making bio-based plastics more sustainable.

The bio-based plastics supply chain should consider these four key themes:

1. Design with EOL in mind.
2. Invest and/or partner with key stakeholders in the bio-based materials value chain
3. Coalesce standardized labeling to have better consumer education.

4. Consider bio-based plastic terminology and use EOL terms carefully.
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5. Confirm how feedstock is sourced with suppliers.

These recommendations will be discussed below.

1. Design with end-of-life in mind.

Bio-based plastics, when viewed through the lens of their entire value chain, have both
beginning- and EOL impacts on society and the environment that must be addressed. To reduce
the life cycle impacts of bio-based plastics, and to prevent the buildup of materials in the
environment, bio-based plastics should be designed for a specific EOL treatment. Product
design decisions including chemical structure, composition, size, and density all determine the
EOL treatment options for bio-based materials. Decisions associated with the design and
materials used in bio-based products should be based on knowledge of the waste management
infrastructure available in the end markets in which products are sold. This sort of systems-level
approach will allow producers of bio-based materials and product manufacturers to design

products that will be properly reused, recycled, or composted at their end of life.
2. Invest and/or partner with key stakeholders in the bio-based materials value

chain can make it more sustainable.

Opportunities for partnerships both on the supplier and buyer side and would help bio-
based plastics scale. As mentioned before, there are technological challenges that
manufacturers face when trying to scale all bio-based plastics. Currently first-generation bio-
based plastics are the most wildly used bio-based material, but they struggle to be a one-to-one
comparison of traditional PET plastics. For the EOL for these plastics to be sustainable, they
need to be industrially composted. Nationally, there is a lack of commercially available
industrial composting facilities that could take PLA and compost it. This means, these plastics
are still heading to landfills and do not get properly recycled. Buyers of PLA could invest in these

industrial composting sites to increase these facility’s ability to process materials.

For second and third generation feedstocks, the overall cost of production needs to
decrease significantly. This includes the reduction of substrate costs, bacteria fermentation, and
increasing overall PHA yield. Suppliers could invest in research and development aimed at

reducing costs by experimenting with mixed substrates and different bacteria fermentation
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processes. ldeally, substrates that are easy to produce and have high biomass yields could be
mixed with a specific bacterium and produce high amounts of PHA content (% CDW). One
startup manufacturer (PHA Inc.) interviewed believed they had the ability to significantly

reduce the cost of PHA production based on their proprietary bacterium.

Additionally, suppliers and buyers also can create a pre-competitive bio-based materials
coalition focused on overcoming these technical hurdles. This could take a form similar to that
of the Sustainable Apparel Coalition, where participating companies pool research to help

expedite the scaling of bio-based plastics.

3.Urge for a standardized global bio-based plastic labeling process.

There is currently no universal standardized label for bio-based plastics. Different
countries around the world have different labeling terms and rules that the bio-based plastic
industry must follow. Developing a universal standardized label would make it easier for
consumers to recognize and understand what constitutes a bio-based plastic. As mentioned in
the paper, labeling can be created by third-party industry associations, governmental
regulatory agencies, or other relevant organizations. It is also important for companies that are
looking to pursue bio-based plastics to be mindful and educate themselves to ensure labeling

and certification schemes are implemented practically and effectively.

4. Consider bio-based plastic terminology and use of EOL terms carefully for better

consumer education.

As discussed at the beginning of the paper, terminology for bio-based plastics varies
depending on the resource. This contributes to confusion of what bio-based plastics are and
can perpetuate the idea that these materials are inherently unsustainable, as they are often
associated with traditional plastics. Some companies, such as the interviewee Seventh
Generation, may be hesitant to use the phrase “bio-based plastics” or “bio-based plastics”
because their consumers are resistant to all types of plastics. Educating consumers on the
difference between a PET plastic and a bio-based plastic is difficult to do on a small soap bottle,
for example. This means it is important for companies using bio-based plastics to think critically

about their goals when incorporating bio-based plastics into their supply chain. For example, if
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a company incorporates bio-based plastics into its packaging to reduce its PET plastic use, then
it might not be necessary to inform consumers that the material is bio-based, unless the bio-
based plastic requires a separate waste stream than consumers are accustomed to.
Alternatively, a company that is seeking to make a marketing claim surrounding its use of
bio-based plastics should consider the discourse surrounding “bioplastics” versus “bio-based
plastics,” as well as the differences in EOL options for the type of material used. Companies
might be accused of greenwashing if they claim that their bio-based plastic is compostable
when it is not certified compostable. Consumer education of bio-based plastics is important for
bio-based plastics to increase in demand. Companies considering whether to use bio-based
plastics need to understand how terms are interpreted by their end consumer and respond

appropriately.

5. Confirm how feedstock is sourced with suppliers.

Concerns over corn used for bio-based plastics taking away from corn used for food
production something to be considered due to reputational risk and bio-based plastics growing
scale. However, a company procuring bio-based plastics can minimize this reputational risk by
speaking with their supplier(s) to confirm how the feedstock is grown, such as Covation
Biomaterials has done. If the supplier provides satisfactory evidence that the feedstock used for
the bio-based plastic is not competing with food use cases, then the procuring company can
feel more confident in utilizing that feedstock. Until there is a universally recognized
certification to ensure a feedstock is not competing with food production, buyers of bio-based

plastics will need to rely on trust and internal verification with their suppliers.

Conclusion

Although waste inputs for bio-based plastics is too new of an industry, it is evident that
the broader bio-based plastics industry is more developed. Learnings from the biofuels industry
may be applied to the bio-based plastics industry that the team foresees could be a further
research project in the future. The exact magnitude of government support for the budding bio-
based plastics industry is unclear, but regulatory action is needed to ensure that bio-based

plastics are not landfilled like traditional plastics. Additionally, government support for

28



developing new technologies that can scale second and third generation feedstocks can help

reduce concerns that bio-based plastics are conflicting with food production. A sustainable bio-

based plastics supply chain is possible, but requires support from governments, larger

companies, and an understanding of bio-based plastics from consumers.
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Appendix 1: Initial Project Approach and Interview Questions

Initial MP Goal

The original objectives of this project were to address the following topics:

Understand how producer companies determine what constitutes a product to be bio-
based and what protocols processor companies have in place to ensure that these
products are derived from organic sources (including waste feedstock)

Assess the current landscape of voluntary standards and legislation for bio-based
plastics

Provide recommendations on best practice waste determination protocols for
companies

Determine the optimal material that should be used in bio-based plastics
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To answer those objectives, the MP team reviewed bio-based plastics research available
online and interviewed industry practitioners working at bio-based plastics manufacturers,
buyers, or industry bodies. The MP team prepped the below questions to ask each interviewee,
although some questions were substituted for more organization-specific questions when

appropriate. These questions were approved by the client ahead of the first interview.

Interview Questions for Producers of Bio-Based Plastics:
1. How do your operations source your waste inputs?
What type of materials do you use in your bio-based plastics?

How do you decide whether the input is classified as waste?

2

3

4. What are some of the challenges to waste-based plastics?

5. Are there any certifications popular, required, or requested by buyers, that you have?

6. How do you choose the type of material that goes into bio-based plastic?

7. From a business perspective, what industry trends make bio-based plastics a
valuable/profitable market for you?

8. What regulations are you seeing developed around waste-based plastics?

9. Isthe bio-based plastic that you are producing also biodegradable?

10. Where do you source the materials needed for your plastics? (From a geographical

location, from an industrial byproduct, etc.)

Interview Questions for Buyers of Bio-Based Plastics:

1. How does your company think about sourcing plastics or packaging?

2. What are the biggest challenges your company faces in sourcing bio-based plastic
materials?

3. How did your company choose its producer?

4. What frameworks (if any) does your company follow for procuring waste-based plastics?

5. How expensive is it to purchase bio-based plastics from virgin materials versus waste
materials?

6. Do you specify if you want bio-based plastics from virgin or waste materials?

7. What qualities do you look for in bio-based plastic?
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8. What motivated your company to consider switching to bio-based plastics? (e.g., market
pressure, government regulation, consumer demand, other)

9. Does your company have plans to incorporate bio-based or waste-based plastics into
your sustainability (or sustainable packaging) goals?

10. What regulations are you seeing developed around waste-based plastics?

Stakeholders were found by reaching out on LinkedIn and connecting with the MP advisor
and interviewees. The MP team interviewed four buyers of bio-based plastics (Aptar, Cove,
EcoProducts, and Seventh Generation), four producers (BASF, Covation Biomaterials, PHA Inc.
and a compostable food packaging company), and two non-governmental organizations (the
Biodegradable Products Institute and the Plant Based Products Council), for a total of ten

interviews.

As the desk and interview-based research continued, the MP team discovered that waste-
based feedstocks are too nascent within the bio-based plastics industry to draw robust
conclusions. The MP Team believe that the research from the first half of the MP is still valuable
and has included relevant information on waste-based feedstocks throughout this report. After
mentioning that waste-based feedstocks were not common enough to sufficiently meet the
initial project objectives with the client, the team collectively decided to re-direct the research

of the paper to the broader bio-based plastics supply chain.

Appendix 2: First, Second, and Third Generation Feedstock Definitions
An overview of the differences between first, second, and third generation feedstocks is
provided in this section. More details on each feedstock are given in the individual sections

after the table below.

The EOL of a bio-based plastic depends not on the feedstock, but on what polymer is
created from that feedstock. For example, corn can be used to create both recyclable bio-based
plastics and non-recyclable bio-based plastics. First and second feedstocks are often used for
PHA and PLA bio-based plastics, which can be landfilled or recycled when the proper
infrastructure is available. Third Generation feedstocks are often used by startups or in lab-

scale innovations. These more novel feedstocks are typically used in bio-based plastics designed
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to be compostable to address concerns with landfilled plastic. However, it is difficult to prove
that a recyclable bio-based plastic is in fact recycled, or that a compostable bio-based plastic is
in fact composted. The table below uses “potentially” recyclable and compostable to address

this uncertainty.

Finally, whether a feedstock competes with food production depends on the feedstock
source. As argued by companies such as Covation Biomaterials, using industrial corn, i.e., corn
that is grown for industrial purposes, does not compete with human or animal feed. However,
some may argue that the land used for industrial corn should be used for food production,
thereby making a first generation corn bio-based plastic less sustainable. Second and third
generation feedstocks do not have the same concerns because the sources are often inedible

crops or non-food resources, such as algae.
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Summary Table of First, Second, and Third Generation Feedstocks

First Generation Second Generation Third Generation
Crop feedstocks that would be Feedstocks not suitable for food or Catch-all term for inputs not
suitable for food or animal animal feed, such as non-edible covered by first- or second-
Definition
feed. Used in their near- crops or byproducts of first gen generation. Derived from the
original form. feedstocks. cellulose contained in biomass.
Examples Corn, Sugarcane Corn Stover, Used Cooking Qil Industrial Waste, CO2, Algae
Main Challenge Sustainable End-Of-Life Feedstock Availability & Cost Feedstock Availability & Cost
Proposed Develop EOL Infrastructure, Government Regulation, Purchasing Partnerships and Investments to
Solutions Invest in Consumer Education Agreements Increase Scale
Cost $ $S $$$
Availability vVvv v v

&}

End of Life @ﬁ@ @ﬁ@
Competition with @ @

Food

®)

Legend
S = Low Cost SS$ = Medium Cost SS$S = High Cost
V= Low Availability V'V = Medium Availability VvV = High Availability
@ = Likely Landfilled ﬁ= Potentially Recyclable @ = Potentially Compostable
@: Dependent on source. @: Little to no concern
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First Generation Feedstocks Definition
Definition

First generation feedstocks are crops and plants that are high in carbohydrate content
and can be used for food and animal feed. First generation feedstocks are typically viewed as
more efficient than other feedstock generations since first generation sources require less land
and tend to have a higher yield (Barrett, 2018; Wellenreuther and Wolf, 2020).

The most common types of first-generation feedstocks are traditional agricultural
products, such as corn and sugar cane/beet. In the US, the corn used for bio-based plastic
feedstock is referred to as “industrial corn” and does not compete with human food
production. Other, less common, first-generation feedstocks include wheat, rice, and potato
(Wellenreuther and Wolf, 2020).

Cost

The cost of first-generation feedstocks is generally lower than other feedstocks. This is
due to the industrial scale of corn and sugarcane agriculture. There is limited research
comparing feedstock costs. However, one review of feedstock cost studies shows that corn
grain (i.e., first gen corn, as opposed to corn stover, which would be second gen corn) is a
relatively inexpensive first gen feedstock (Wellenreuther and Wolf, 2020; Wellenreuther et al.
2022).

Availability

Corn and sugarcane are widely available for bio-based plastics. One interviewee,
Covation Biomaterials, is only sourcing US-grown first-generation corn for its bio-based
materials due to corn’s availability and cost.

End of Life

First gen bio-based plastics need to be engineered to be compostable. A bio-based PLA
can be made to be compostable or biodegradable. According to the Bioplastics Feedstock
Alliance, “It is the chemical structure of the plastic, and not the origin of the material that it is
made from, that determines whether a material is biodegradable, compostable, or not.”

(Bioplastics Feedstock Alliance, n.d.) When sent to landfill, bio-based plastics using first gen
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feedstocks act similar to any fossil-based plastic that is sent to landfill. The first gen bio-based
plastic needs to be engineered to be recyclable.
Food Production Competition

Whether a first-generation feedstock competes with human food production depends
on how and where the feedstock is grown. Industrial corn in the US is not grown with the
intention of human consumption. Thus, bio-based plastics using industrial corn as the first gen
feedstock do not compete with human food production. Additionally, the land use intensity of
the feedstock changes whether the feedstock is competing with human food use. For example,
from the Bioplastics Feedstock Alliance, “it would take 37 Ha of corn to produce 100 tons of
bioplastic (Polylactic acid), but 588 Ha of castor oil plant to produce the same amount of a
different bioplastic (Bio-polyamide). In this case, using the castor oil could actually result in
more land being unavailable for other uses, including food production or natural habitat. This is
important to note, because in general, commodity food crops have higher yields than less
conventional alternatives.” (Bioplastics Feedstock Alliance, n.d.)
Consumer Demand for First Gen Feedstock

There is insufficient research on how consumers feel about first-generation feedstocks

within the bio-based plastics space.

Second Generation Feedstocks Definition

Second generation includes feedstocks that are not able to be used for food or animal
feed. These can either be the nonedible byproduct crops such as perennial grasses, fast-
growing trees, or by-products (e.g., corn stover, wheat straw, used cooking oil). All forms of
these feedstocks require treatment to produce a bio-based plastic polymer such as polylactic
acid (PLA) and polyhydroxyalkanoates (PHA). The type of by-product used will depend on
whether the plastic is suited to be a PLA or PHA.

Second generation feedstock has typically been used for the biofuel industry and even
within this industry, the process to make them more readily available has been a complex and

less well-developed process in comparison to first generation feedstocks.
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Food waste has been shown to be a potential feedstock for bio-based plastics if the food
waste contains biopolymers such as starch or cellulose. Some viable options include cassava
peel, banana peel, pineapple peel, jackfruit seed, avocado seed, and durian seed.

Availability

In general, second generation feedstock is an interesting solution, but their availability
and production methods limit their implementation. Most work is still happening at the start-
up and research level.

Cost

Further research and pilot tests need to be done to determine the cost-effectiveness of
putting this method into practice.

Drivers for Second Generation Development

Plastic and food waste are adjacent problems that are putting pressure on the
environment. Right now, only 8 percent of the world’s plastic is being properly recycled.

Turning food waste into plastic is a solution that can help reduce both food and plastic waste.

Third Generation Feedstocks Definition
Definition

Third-generation feedstocks for bio-based plastics is a catch-all term that refers to
inputs not covered by first- or second-generation feedstocks, and includes non-food resources
such as waste, CO2, algae and more (Dottim). Third-generation feedstocks are derived from the
cellulose contained in biomass. Sources of waste used for third-generation feedstocks include
municipal and industrial waste streams. Scientists at Texas A&M are currently testing CO2 as a
third-generation feedstock by capturing CO2 in the atmosphere and re-using it to cultivate
bacteria that can be used to produce bio-based plastics (White, Helen).
Cost

Considering that third-generation feedstocks are limited in availability and application,
there is little information on the cost of the various feedstocks considered to be third
generation. Moreover, the cost of various third-generation feedstocks fluctuates based on their
availability and technological requirements. Studies have demonstrated that due to their higher

level of maturity, first- and second-generation feedstocks are more cost competitive than third-
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generation feedstocks, such as algae (Wellenreuther et al., 2022). Further research is required
to determine the price of third-generation feedstocks and the technological innovation needed
to scale the production of bio-based plastics using them.
Availability

There is currently limited availability of third-generation feedstocks for bio-based
plastics as compared with both first- and second-generation feedstocks. A main limiting factor
for third-generation feedstocks is the technological availability for developing and processing
third-generation feedstock materials such as algae or CO2 (Vandenberghe). Further investment
into carbon capture and algae cultivation is needed to increase the availability for third-
generation feedstocks. Research and interviews with companies in this space also suggest that
there is limited interest in waste-based bioplastics, some of which would be categorized as third
generation. To increase the availability and economic feasibility producing bio-based plastics
using third-generation feedstocks requires further R&D, investment, and innovation.
End of Life

Third-generation feedstocks including waste, algae and CO2 that are used to
manufacture bio-based plastics can all biodegrade at their end of life. Algae and biomass waste
share similar chemical properties to biological materials and can be disposed alongside other
biological waste streams. Additional research is required to assess the EOL treatment options
for bio-based plastics derived from CO2. However, CO2 that is used to cultivate bacteria that is
biodegradable should be able to produce bio-based plastics should be able to biodegrade at
their end of life (White).
Food Production Competition

Third-generation feedstocks are not a concern for competition with food production
since they are generated from non-food resources including algae, CO2, and other biomass
waste streams.
Consumer Demand

Third-generation feedstock plastics are not currently produced at scale, and due to
significant heterogeneity in terms of feedstock materials, demand will vary across third-

generation feedstocks. To become a viable market alternative, third-generation feedstock

37



would benefit from R&D, investment, and innovation. A significant barrier to the long-term
viability of third-generation feedstocks is the price premium when compared to first- and

second-generation feedstocks.

A Note on End-Of-Life Considerations: Polylactic Acid (PLA) and Polyhydroxyalkanoates (PHAs)

Definition

A linear aliphatic thermoplastic polyester manufactured with high stiffness and UV
stability from renewable resources. (llyas et al.) PLA is most often made from the lactic acid of

corn starch and sugarcane.

Cost

Typically, PLAs have a cost range of about $1.2/kg to $3.56/kg depending on the plastic

grade and type of feedstock used during production (Wellenreuther et al.)

Availability

According to bioplastics news, “PLA was the second most important bioplastic of the world in
regard to consumption volume” (“Polylactic Acid or Polylactide (PLA)”). It is widely used for 3D

printing, as part of a composite, in food packaging, and medical industries (What Is PLA?).

End of Life

PLA can be chemically recycled back into lactic acid or composted back into a raw
material. However, to do this, PLA must use a special composting facility that can heat the
plastic to 140°C for ten days. Otherwise - if PLA gets sent to a landfill, it can take anywhere from

100 to 1,000 years to break down. (What Is PLA?)

Consumer Demand
According to a market report by Markets and Markets, the global PLA market is estimated to
grow from 1.0 billion in 2021 to 1.9 billion by 2026 with a growth rate of 12.2%. The demand for
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PLAs is expected to grow in correlation with an expanding packaging sector (Markets and
Markets).

Polyhydroxyalkanoates (PHAs)

Definition

Polyhydroxyalkanoates (PHAs) are a “group of natural biodegradable polyesters that are
synthesized by microorganisms” (Li et al.). PHA is created through the bacterial fermentation of
sugars and lipids. They are biodegradable and compostable, but they have poor mechanical

qualities, high production costs, and are susceptible to thermal degradation (Li et al.).

Cost

Typically, PHAs have a higher production cost of about 20-80% when compared to conventional
plastics. (Markets and Markets) They can have a market price between $2.4/kg and $5.5/kg,
whereas conventional plastics are traditionally $1.2/kg. (Crutchik et al.) Since PHAs are not as

widespread as petroleum-based plastics, this smaller-scale production increases overall cost.

Availability

As shown in Appendix 4, Figure E, the PHA creation process is long and complex.
Currently PHAs are not available on a large scale and are still in the research and development
phase. Studies have found that their limited availability is due to substrate availability, bacterial

strains, downstream recovery, and a lack of process optimization (Tsang et al.).

End of Life

PHAs are considered compostable in a wide range of temperatures. Studies have shown
that 85% of PHAs decomposed within 7 weeks, at around 60 °C with moisture levels at 55%.
PHAs have also been reported to degrade in aquatic environments within 254 days at

temperatures below 6 °C (Fedorak).
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Food Production Competition

Depending on the substrate used to create PHAs, there can be food production
competition. Specifically with cheese whey and straw. These two substrates are considered
waste byproducts and can be used to create PHAs, but they can also be used in secondary food
production markets. However, there are other substrates that would not compete with typical

food production like wastewater and waste cooking oils (Tsang et al.).

Consumer Demand

According to a report by Markets and Markets, the PHA market is estimated to reach
167 million by 2027 with a growth rate of 15.3%. This growth is attributed to the increasing
demand for biodegradable solutions. Additionally, more stringent environmental standards

across the globe will increase this market’s size (Markets and Markets).

Appendix 3: Consumer Survey on Bio-Based Plastics

Figure A: Participating countries and number of respondents in bio-based plastics survey.
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Figure B: Participants basic knowledge of bio-based plastics (n=384)

What are bioplastics in your opinion?
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Figure C: Conscious purchase and consumption of bio-based plastic products (n=365)

Do you consciously buy or use bioplastic products?

Yes, regularly - | use bioplastic products or packing
every day

Yes, sometimes - | use some bioplastic products or
packing

Rarely - 1 do not use much bioplastic products or
packing

Never - 1 do not use bioplastic products or packing
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Source: Filho WL et. Al, 2022



Figure D: Main obstacles keeping participants from purchasing/using bio-based plastics

If you have not bought or used bioplastic products (regularily) yet, what
keeps you from buying or using them?

N/A  aEs
Health/safety concerms [IZISSN
Lack of information about the products | 37.2%

Limited awareness [l

Limited availability Il . 648%
Design 8%
Low quality |INSISNN
High cost IEN2SSEN
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Source: Filho WL et. Al, 2022

Note on Survey Demographic Characteristics

The study looked at 42 countries located mostly in Europe and Asia (Figure A) and sent
guestionnaires on bio-based plastics. They received 384 questionnaires back and determined
that most participants did not have one common definition for bio-based plastics but still

actively bought them (See Figure B and C respectively for more details). The main reason that

was found to keep participants from buying or using them was limited availability. At least 65%

lack information about the products (See Figure D). Additionally, 59% of participants believed
that bio-based plastics could partly replace conventional plastics, 36% believed bio-based

plastics could completely replace traditional plastics, and only 5% believed bio-based plastics

could do none of the above.
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Appendix 4: Technical Barriers to Bio-Based Feedstocks

Figure E: PHA biosynthesis process scheme (Tsang)
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Figure F: Important factors contributing in PHA production cost (Wang, Tsang)
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Figure G: Literature review on PHAs production by highest producing bacteria using inexpensive

renewable substrates (Gahlawat).

428

oil

PHA Type Microorganism Substrate Microorganism | PHAs (g/L)® PHA content References
used Biomass (g/L)? (% CDW)©

P(3HB) C. necator Crude glycerol | 28.9 24.75 85.6 Salakkam
DSM4058
Recombinant E. Rice bran 2.98 2.68 90.1 Oh
coli XL1-Blue hydrolysate
Alcaligenes latus Whey 151 1.28 84 Berwig
DSM 1123
C. necator DSM Used cooking 10.4 3.8 37 Martino

aBiomass of microorganism used per liter of substrate

b Grams of PHA per liter of substrate

¢Cell dry weight: Grams of PHA per liter divided by grams of microorganism

Appendix 5: Biofuels Demand and Definitions

Figure H: US Biofuel production and consumption by type of fuel.
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Figure I: Definitions for each type of biofuel listed in the previous figure can be found below:

Fuel ethanol

An alcohol fuel that is blended with petroleum
gasoline for use in vehicles and accounted for the

largest shares of U.S. biofuel production

Renewable diesel

A fuel chemically similar to petroleum diesel fuel for
use as a drop-in fuel or a petroleum diesel blend with

small but growing U.S. production and consumption

Note: Most biofuels require mixing the bio-input with
a petroleum product, such as gasoline, diesel, or
heating oil. However, some biofuels do not require

”

that mixing and are therefore called “drop-in biofuels

Biodiesel

Biofuel that is usually blended with petroleum diesel

for consumption

Other biofuels

Include renewable heating oil, renewable jet fuel
(sustainable aviation fuel, alternative jet fuel, biojet),
renewable naphtha, renewable gasoline, and
other emerging biofuels that are in various stages of

development and commercialization

Source: US Energy Information Administration

Appendix 6: Waste Hierarchy, Collection, and Sorting

Waste Hierarchy

The European Commission has developed the Waste Framework Directive that “sets the

basic concepts and definitions related to waste management, including definitions of waste,

recycling and recovery.” The waste framework identifies a list of waste management and

disposal options in cascading order based on each treatment option’s ability to conserve

resources and mitigate risks to human health and the environment. The priority order for waste

management and disposal techniques, according to the European Directive, is prevention,

reuse, recycling, recovery, and disposal. Each EOL treatment option for bio-based plastics will
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now be analyzed using the waste directive framework to better understand the management

and disposal of bio-based plastic products.

Collection and Sorting

The first step in the EOL treatment for all plastics — both petroleum and bio-based
plastics — is the collection and sorting of plastic materials. This initial step in the process
determines all subsequential processing and disposal steps by identifying the material
composition of the wasted product. Ultimately, the goal in this step of the process is to identify
the quality and purity of the plastic used in a product to determine the most valuable secondary
use of that material (Fredi and Dorigto). Technology deployed at this stage of the waste
management process includes label readers and near-infrared (NIR) sensors that separate
plastic based on shape, color, appearance, and materials used (Fredi and Dorigto). Once the
guality and type of material has been identified, plastic items can be sorted into separate waste

streams for further treatment and disposal.

Appendix 7: Recycling Considerations

Mechanical Recycling

The ability for bio-based plastic products to be mechanically recycled depends on the
chemical composition of the product, where ‘drop-in’ bio-based plastics such as BioPE and
BioPET can be integrated into the current recycling stream. Novel bio-based plastic products
including PLAs and PHAs must be separated and processed in separate waste streams.
Compared to other EOL treatment options, mechanical recycling is comparatively less
expensive and utilizes relatively basic technology (Fredi and Dorigto). Mechanical recycling can
be broken down into primary and secondary recycling. Primary recycling is typically performed
using pre-consumer waste, and the “recycled material is used for applications with
characteristics and performance equivalent to” that of the pre-recycled material (Fredi and
Dorigto). Secondary mechanical recycling reprocesses post-consumer waste and results in

recycled material that “generally shows poorer mechanical properties” than the original
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product, “due to a reduced material purity and degradation process occurring during the

product life.” (Fredi and Dorigto)

Chemical Recycling

Chemical recycling, also referred to as feedstock or tertiary recycling, converts bio-based
plastic waste into basic chemicals including monomers and polymers that can be used to
manufacture “secondary raw materials that have same quality as virgin materials.” (Fredi and
Dorigto) As such, chemical recycling is more suitable for hard “to recycle plastics like multi-layer
solutions or heavily contaminated plastics” because materials can lack the qualities required for
mechanical recycling (Fredi and Dorigto). Chemical recycling has been successfully performed
on drop-in bio-based PE and PET, as well as PLA plastics. Chemical recycling does not exist at
large scale, and “mechanical recycling represents more than 99.9%” of recycling infrastructure
(Barrett). Additionally, chemical recycling faces significant roadblocks including economic
viability and ecological damage that the industry must overcome to be industrially scaled

(Simon).

Appendix 8: Role of Bio-Based Plastics in the Carbon Cycle

Project Drawdown that conducts research on science-based carbon solutions, estimates
that by 2050 annual plastic production will exceed 792 million metrics tons of carbon dioxide,
twice that of current production rates (Hotel, et al.). Which is significant since plastics are
currently responsible for more than 4.5% of global greenhouse emissions (Stegmann, et al.).
However, according to studies, if bio-based plastic production were scaled to meet 89-100% of
demand for plastics in 2050, between 1.33 and 2.48 gigatons of CO2 emissions could be
avoided by 2050 (Hotel, et al.). Bio-based plastics can reduce emissions compared to
conventional plastics because they use “carbon from the atmosphere rather than fossil fuels”

which reduces their associated CO2 emissions (Hotel, et al.).

This is due to the role of biomass in the carbon cycle. Plants used to manufacture bio-
based plastics such as corn, sugarcane and wood pulp consume carbon through photosynthesis

(Waldrop). During this process, plants use the energy provided from sunlight to convert carbon
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dioxide into organic compounds like sugars and starches. In turn, these plants are harvested
and processed to extract their sugars and starches which can be fermented to produce
monomers (Waldrop). Newly created polymers are purified and then processed to become the

building blocks for creating final bio-based plastic products.

The main difference between bio-based and petroleum plastics is that traditional
plastics are derived from fossil fuels extracted from the earth that are then transported,
refined, and manufactured into plastics (CIEL). Through each step in the process, fossil fuels are
combusted or leak into the environment which contributes to human-caused global warming.
Alternatively, bio-based plastics are produced from plants that have sequestered carbon from
the atmosphere (reducing atmospheric CO2 concentrations) and store that carbon in bio-based
materials. Bio-based plastics for the most part do “not produce a net increase in carbon dioxide
gas when they break down” (Woodford). This is because “the plants that were used to make
them absorbed the same amount of carbon dioxide” during photosynthesis (Woodford).
Maintaining these materials in the economy by reusing or recycling bio-based plastics prevents
carbon dioxide from re-entering the atmosphere once items decompose in aerobic
environments. Bio-based plastics that break down in landfills which are deprived of oxygen can

even emit methane, a potent greenhouse gas (Cho).

A report comparing the life cycle assessments (LCA) of four bio-based plastics, seven
petroleum plastics, and one derived from both shows the reduced dependency on fossil fuels
for producing bio-based plastics. The LCA results show that bio-based plastics “represent

IH

decreases in fossil fuel use and global warming potential” as compared to petroleum plastics
(Tabone, et al.). Bio-based plastics scored poorly in categories such as eutrophication, human
health impacts, and eco-toxicity. This is due to fertilizer and pesticides usage and land use
changes associated with agricultural production of biological materials. Future improvements in
the cultivation and feedstock sourcing, production, and conversion of biological materials are

necessary to reduce the environmental impacts of bio-based plastics.

In addition to the benefits of substituting for bio-based feedstock, studies highlight the

role of renewable energy in reducing the emissions from producing bio-based plastic products.
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A recent study found that the “largest carbon footprint of plastics is associated with
production” phase (Rosenboom, et al.). The main sources of plastic-related emissions occur
during the “raw materials extraction (61%) and polymer production (31%)” phases of the
production process (Rosenboom, et al.). Moreover, a shift towards green, renewable energy
generation can reduce the carbon emissions incurred during the production process of plastics.
The study finds that “switching existing processes to a renewable energy supply would cut
plastic-related emissions by 62%” (Rosenboom, et al.). Results can vary based on the feedstock
used but NatureWorks which manufactures PLA plastics found that “making PLA saves two-

thirds the energy” needed to make petroleum plastics (Woodford).

Appendix 9: United States Bioeconomy Programs
USDA Loans and Grants: Funding for biobased businesses to take advantage of the
BioPreferred program

https://www.biopreferred.gov/BioPreferred/faces/pages/USDALoansAndGrants.xhtml.

Map of Companies: The USDA BioPreferred Program Companies Map tool assists in locating
companies with biobased products within a particular state, zip code, or congressional district.

Link: https://www.biopreferred.gov/BioPreferred/faces/pages/MapOfCompanies.xhtml

The BioPreferred Program Catalog: USDA’s BioPreferred Program Catalog is designed to
provide businesses an understanding of products that qualify for preferred Federal purchasing,
have obtained the USDA Certified Biobased Product label, or both. Products are not eligible for
direct purchasing through the program, but the catalog provides sourcing information (product
details and company websites):

https://www.biopreferred.gov/BioPreferred/faces/catalog/Catalog.xhtml

Memberships / Associations:

Creation of associations in response to 1) EU regulations encouraging movement to sustainable
products 2) replacement of plastics by innovative new materials 3) increasing demand of

consumer awareness of the damage plastic has on the environment.
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Bio-based plastic Feedstock Alliance. More information can be found at: https://bio-based

plasticfeedstockalliance.org (US)

Plant Based Products Council. More information can be found at: https://pbpc.com (US)

The Plastic Industry Association’s (PLASTIC) Bio-based plastics Division. (US) More information

can be found at: https://www.plasticsindustry.org/supply-chain/recycling-sustainability/bio-

based plastics

Appendix 10: Certifications in the EU

The following standards were developed by the European committee and typically used to

ensure a seal of approval from a third body:

Bio-based content determination:

ASTM D6866 measures the exact percentage in bioplastics that came from renewable
sources

CEN/TR 16721:2014 Bio-based products — Overview of methods to determine the bio-
based content

CEN/TR 15932: 2010 Plastics — Recommendation for terminology and characterization of
biopolymers and bioplastics

CEN/TS 16137:2011 Plastics — Determination of bio-based carbon content (superseded

by EN 17228)
EN 16575:2014 Bio-based products — Vocabulary

Sustainability:

EN 16760: Bio-based products Life Cycle Assessment

EN 16751 Bio based products sustainability criteria

CEN/TR 16957: Bio-based products Guidelines for Life Cycle Inventory (LCl) for the EOL
phase

CEN/TR 17341: Bio-based products Examples of reporting on sustainability criteria

50


https://bioplasticfeedstockalliance.org/
https://bioplasticfeedstockalliance.org/
https://pbpc.com/
https://www.plasticsindustry.org/supply-chain/recycling-sustainability/bio-%20based%20plastics
https://www.plasticsindustry.org/supply-chain/recycling-sustainability/bio-%20based%20plastics

Ecolabelling in Europe

The International Organization for Standardization (ISO) has created standards for labeling

practices within the ISO 14000 schema. ISO 14020 to 14025 series deals with environmental
labels and declarations. ISO proposed three categories of environmental labels according to the
aspects covered and the rigor required to award the seal: type | in ISO 14024; type Il in ISO
14021; and type lll in 1ISO 14025

Type | are seen to be the strongest since they are voluntary, multiple criteria based, and third
party authorized. Type Il labels are self-declarations and Type Il labels do not set any

measurement.

As mentioned, ecolabels (type |) are awarded by an independent third party and must meet the
specific requirements of standard ISO 14024 (e.g., EU Ecolabel (Europe); Nordic swan (Nordic

countries); Blue angel (Germany); Dutch ecolabel (Netherlands); Hungarian Ecolabel (Hungary))
Advantages of type | ecolabels:

e Credibility by third party that uses scientific methods and LCA methodologies

e |f meets the ecolabelling criteria, logo on the product is used for visibility purposes

Since not all products with an ecolabel will have bio-based content, certifications in Europe
must be based on the European EN 16785-1. It contains provisions for the determination,

verification, and monitoring of bio-based content.
Ecolabelling in Europe

Guidelines for the ‘The Seedling’ logo can be found on the European Bioplastics webpage.
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Appendix 11: Interview Notes

The following section includes interview notes from MP team-conducted stakeholder interviews. The

MP Team interviewed 10 stakeholders, as listed below:

Compostable Food Packaging Company
Covation Biomaterials

Biomaterial Startup

1

2

3

4

5. Cove
6. Eco Products

7. Seventh Generation

8. Aptar

9. Plant Based Products Council

10. Biodegradable Products Institute

Summaries and notes from the MP Team’s interviews are included below.

1. BASF

Interviewee: Jordan Keller, Biomass Solutions Manager North America
Company: BASF

Company Description: BASF is a European multinational chemical company and the largest
chemical manufacturer in the world. One of BASF’s offerings is a “biomass balance approach”,
which combines renewable raw materials with fossil fuel-based materials to reduce the carbon
footprint of a product. According to this interview with BASF, their biomass solution is the
steppingstone to them becoming more fully biobased. Once there is enough demand for fully
bio-based products, then BASF can be fully biobased in certain processes and plants. BASF
argues that contrary to bio-based products, biomass solutions perform identically and help
displace fossil fuels. The Biomass Solutions team sources renewable feedstocks, such as

renewable natural gas (from landfill and bio-waste) or bio-naphtha (a byproduct from
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producing hydrogenated vegetable oil). BASF was interviewed due to their scale and

importance in the chemicals and plastics industry, and to learn more about their approach to

bio-based materials.

BASF Key Takeaways:

The main driver for BASF’s customers of biomass solutions is that the products have a
lower carbon footprint. However, these products have a price premium that not many
customers are willing to pay yet. Getting bio-based products to be cost competitive is a
challenge.

Logistics and feedstock supply are the main challenges when sourcing bio-based

feedstocks.

BASF Interview Notes:

When producing plastics in your supply chain, do you consider waste-based bioplastics? If so,

how do you evaluate waste-based bioplastic inputs? Please describe volume, geographical,

environmental, or economic factors that are used in your supplier decision making.

Waste-based considerations include geopolitics within EU versus North America vary. In
the European market, there is more emphasis on food waste because they are
concerned with crop inputs for plastics competing with food production. In North
America, there is more focus on agricultural commodities, often due to pressure from
farmers.

The price of bio-based plastic inputs also varies between markets (i.e., in the US the
price is 2-15x the fossil price. Note that this is a rough estimate for input prices).

There are also Kosher, halal, and vegan considerations BASF must incorporate since

some of the feedstocks might not be from kosher, etc. sources (i.e., animals).

What are the main drivers of your company developing waste-based bioplastics? Please

describe any economic, regulatory, or branding drivers associated with your waste-based

bioplastics.
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e Most demand is driven by consumers. There is not much government regulation,
particularly not in the US market, which is Jordan’s area of wok.

e BASF benefits from increasing the number of bio-based plastics they produce and sell
because it reduces their own carbon emissions. The benefit of selling a biomass product

is to benefit their customer’s carbon emissions as well.
How does BASF promote bio-based plastics to their customers:

e Some customers want a bio-based solution (i.e., carbon14 traceable plastics).
Additionally, BASF explains that the biomass solution plastic has a lower LCA.

e From their customer’s perspective: the solution a customer selects depends on the
business line which can be industry specific.

e Inthe U.S. most business have made commitments to reduce carbon footprint i.e.,
Scope 3, which is where BASF comes in, to help their customers reduce their Scope 3
emissions using lower-carbon footprint products.

e Customers' willingness to pay also varies, and the type of feedstock used depends on
the price paid. According to Jordan, consumers drive the price. If consumers are willing
to pay more for more bio-based plastics, then producers will source more sustainable
and (currently) more expensive feedstocks.

e Customers in North America are slightly more willing to pay for biomass solutions, but

not a ton more.
What are the input sources BASF uses for waste-based bioplastics?

e They use corn, soy, used cooking oil, waste greases, animal waste products.

e Everything is on the table in terms of technical ability for feedstocks, but it comes down
logistics, price, and availability of supply.

e Bio-based requires testing to ensure it is the same quality, however, bio-mass balanced

options are identical to fossil fuel plastics in terms of use-cases and quality.

Based on your understanding of the current waste-based bioplastics industry, do you think there

is sufficient waste-input sources to meet demand for waste-based bioplastics? If not, please
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explain. Please also explain how your company is ensuring sufficient supply or waste-based

bioplastics.

e Jordan said most waste-based inputs are going to biofuels, so it is difficult to answer
that right now. If there is regulation impacting whether a certain amount of input
sources are to be set aside for bioplastics, that could help support the industry.

e Competition is currently with biofuels and trying to compete against fossil fuel plastics
while offering bio-based plastics at high prices, which is going to be the challenge.

e Government regulation and support could help the bio-based plastics industry. For
example, in Germany, electricity consumption was subject to a tax to subsidize
renewable energy. This requires companies to switch from natural gas to electricity
(esp. green electricity) and companies must pay additional tax. Perhaps a similar process

could be implemented to encourage bio-based plastics development.

What are some of the technological, economic, environmental, logistical, or requlatory benefits

and challenges with those input sources?

e Logistics is a big issue. For example, BASF must consider what is available in what
regions and how it can be brought to the needed plant (e.g., if the input can only be
brought in on rail and the processing plant can’t take rail inputs, then BASF can’t use

that input at that plant).

When using an input material due to its claims of being from “waste”, how do you determine
that the material is a waste product? Is there industry consensus on a certification or standard

regarding the classification of an input source as “waste”?

e BASF thinks of it as first gen vs second gen. First gen would be inputs such as corn or
wheat. Second gen would be inputs such as animal fats, greases, fatty acid distillate, i.e.,
second gen inputs need more processing; they are not the initial product.

e Forthem, “waste” tends to be a byproduct, such as cooking oil, post-consumer plastic,

manure from dairy farms.
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Are you familiar with incoming or present legislation regulating waste-based bioplastics? How
will (or does) that legislation affect your business? How is your company preparing (or prepared)

for that legislation?

e Jordan is aware of advanced recycling and chemical recycling in the US. Some more
progressive states oppose it because the view is that it will increase emissions.

o Advanced/chemical recycling is turning post-consumer plastic waste to pyrolysis
oil. It is energy intensive and releases GHG emissions. Some NGOs are opposed
since it generates emissions. There is only legislation to support advanced
recycling in 20 states.

e Jordan also noted that some NGOs view mass balance as greenwashing. She noted that
there is education needed on how using alternative plastics can help us make progress

towards net zero goals.

To what extent does the growing demand for circularity (e.g., consistently recyclable plastics)

affect your company’s development of waste-based bioplastics?

e Chemical recycling is viewed as a complement to bio-based products.

e Jordan indicated that even if you can make bio-based plastics, at the end of the day if
these materials are going into the landfill, this is a problem. There needs to be pressure
to design with EOL in mind (i.e., recycling).

e Jordan also indicated that there are not enough LCAs on the end of life of plastic
materials. In the U.S., these materials end up in the landfill where there are other
externalities associated with these materials. Bio-based plastics are biogenic carbon that
will emit in the landfill or when burned. Jordan said, “waste isn’t waste until you waste

it” and that we need solutions that keep bioplastics in the “loop”.

What customers do you think are innovative with biomass/bioplastics/sustainable plastics

products?

e Jordan mentioned Henkle, P&G, and America’s Plastics Makers (their podcasts,

Instagram).
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Note about avoiding a “pigeon-hole” view of bio-based plastics:

e Asan aside, Jordan mentioned that chemicals can seem toxic when looking just at the
chemical itself but are safe and can be sustainable at the application-level, and

suggested the plastics industry and its critics needs to avoid a pigeon-hole view.

2. Compostable Food Packaging Company

This interviewee requested to have their responses remain anonymous.
Interviewee: VP of Sustainability
Company: Compostable Food Packaging Company

Company Description: This is a relatively small, private company that produces compostable
food packaging using plant-based resources. The company also tracks and promotes packaging
legislation in the US that would enhance non-fossil fuel plastics. This company was interviewed

to understand the perspective of a smaller producer of bio-based plastics and products.
Key Takeaways:

e This company representative spoke to the challenges in language surrounding bioplastic,
compostable, and biodegradable and how challenging that is from an EOL perspective.
e While input supply is large in theory, manufacturing and technology capabilities for bio-

based plastics need to be scaled in order to meet growing demand for these products.
Interview Notes:

When producing plastics in your supply chain, do you consider waste-based bioplastics? If so,
how do you evaluate waste-based bioplastic inputs? Please describe volume, geographical,

environmental, or economic factors that are used in your supplier decision making.

e The fiber packaging they use is a sugar cane (bagasse) substrate.
e For bioplastics, their PLA does not use waste inputs currently. The company is

considering using waste inputs for PHA.
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e The company’s goal is to have ‘home-compostable’ packaging, which can be a challenge

to achieve.
How are you confirming that the byproduct is a byproduct?

e Their bagasse is produced by supplier in China and they are unsure about the
traceability of bagasse fibers.

e This is important to note since this company is trusting that their supplier has the audits
to support their claims, but this company does not ask to hold a copy of the audits or

certifications from their supplier.

What are the main drivers of your company developing waste-based bioplastics? Please
describe any economic, regulatory, or branding drivers associated with your waste-based

bioplastics.

e This company’s customers are food-service distributors that sell to venue operators.

e Their customers’ main drivers are move away from single-use plastics. In some cases,
customers have a lack of choice for using this company’s compostable products (l.e.,
single-use plastic bans in some regions).

e Additionally, their products are also perceived as a higher quality material that

Styrofoam and traditional plastic.
Do you think consumers value bioplastics or understand what bioplastics are?

e Their customers are looking to get away from single use plastic.

e The term “Biodegradable” has no regulations. “Compostable” is a regulated term that
must break down by a commercial composter and third party certified (such as by
ASTM).

e This allows green washers to enter the market, e.g. by applying bio resin to compostable
products.

e This company rep said that compostable bioplastics can be misleading and that we need

third party certified backing to certify traceability claims.
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Based on your understanding of the current waste-based bioplastics industry, do you think there

is sufficient waste-input sources to meet demand for waste-based bioplastics? If not, please

explain. Please also explain how your company is ensuring sufficient supply or waste-based

bioplastics.

This company rep indicated that there is a lot of supply available, especially for waste
products from vegetable oils. However, this requires collaboration between feedstock
producers and suppliers.

There is a lot that can be coming in from virgin materials such as algae and seaweed

based, mycelium, as these are highly renewable materials.

What are some of the technological, economic, environmental, logistical, or regulatory benefits

and challenges with those input sources?

While feedstock supply is large in theory, this company is concerned about a shortage of
supply as demand for bio-based materials increased. There are technological barriers
primarily due to manufacturing capabilities, as this supply chain takes a while to
develop.

Legislation needs to incentivize manufacturing infrastructure to develop to help increase

supply of bio-based and compostable plastics.

Are you familiar with incoming or present legislation regulating waste-based bioplastics? How

will (or does) that legislation affect your business? How is your company preparing (or prepared)

for that legislation?

There is upcoming legislation in California to transition away from bioplastics as a
solution (also Canada as well). PLA requires a resin code (e.g., #7) but this causes
confusion (people assume this means recyclable), so we need more standardized
labeling regulation.

Note on recycling: PLA can be recycled at the proper facility, but not at a typical

municipal recycling center right now. In theory, PLA is an infinitely recyclable material,

whereas plastics will lose value over time.
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e The interviewee recommended researching the Biodegradable Products Institute (BPI),

which is a third-party certifier for compostable products. This standardizes labeling.
If CPG companies were to set bioplastics goals, would it help drive?

e Certainly. Demand in the market and just a time thing. Beginning to have more
bioplastics and more goals around recyclability than there are bioplastics. But more

goals around bioplastics would continue to grow demand!

3. Covation Biomaterials

Interviewee: Lauren Johnson, Global Sustainability, Product Stewardship, & Regulatory Leader
Company: Covation Biomaterials

Company Description: Covation Biomaterials was formerly part of DuPont, a major chemical
producer. A few years prior to this interview, DuPont decided that their businesses related to
biology was non-strategic and decided to sell their bio-product lines. Covation Biomaterials is
now independent, but now owned by a private company based in China. Covation Bio’s mission
is to decouple fossil fuels from high performance materials. Their main product is their Sorona
polymer, which is mainly used in apparel and carpet applications. They do not have Sorona
being sold into packaging for right now. Propanediol (Susterra is the brand name) is a glycol, so
used to replace fossil-based glycol; goes into food additives, TPUs (used often in shoe soles),
and pharmaceuticals. Covation Bio’s products are almost always used in combination with
other inputs to help their customers get the desired end result, so Covation has a more
nuanced view on PETs since many of their products are ultimately mixed with PET for their
customers’ desired outputs. Covation Bio was interviewed based on their product line for bio-

based materials and previous connection to the traditional chemical and plastics industry.
Key Takeaways:

e Covation Bio uses industrial corn as their only feedstock due to its availability and price.
Additionally, they do not use any corn waste products, since their feedstock supplier

uses the corn waste as natural fertilizer for the next harvest.
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Industrial corn, from Covation Bio’s perspective, does not conflict with food production
since that corn was never intended for human consumption.
Covation Bio views differences in sustainability expectations, price, and regulatory

uncertainty as the main challenges to scaling bio-based plastics.

Interview Notes:

What are the main input sources for your feedstock?

All their bio feedstocks are entirely derived from corn, specifically “Industrial corn”, aka
industrial dent corn, which is grown in the US. They are not using any of the corn waste
(not stalk or stover).

Protein from the corn is used in animal feed, the oil is used in corn oils, and the starch
(sugars) are used in products like Covation's.

They have partnered with the lowa Corn Board to learn about labor practices, fertilizer

use, etc., since they are more removed from the actual corn grown process.

Why aren't you using the "waste" from corn?

This is based on what the lowa Corn Board told them about how industrial corn is grown
in lowa (where they source their feedstock). It doesn't make sense for Covation to use
waste inputs because the machines used to harvest the industrial corn leave stalks and
leftovers on the field as fertilizer for the next crop yield. If they didn't leave the corn
waste, then they would have to apply more chemical fertilizer, which Covation views as
a worse environmental trade-off.
Covation’s view on the food production tradeoff with bio-based products:
o Customers ask Covation about why they should buy a bioplastic from corn when
the corn could be used to make food.
o Covation must educate customers on industrial corn and food corn, and explain
that the land used for food and industrials is separate. Plus, the land used to

make bioplastics is a tiny fraction of the overall industrial corn land.

Have you considered sugarcane as a feedstock?
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They've investigated sugar beets, but corn right now for them is the feedstock that
makes the most sense because of how much is available in the US.
However, they don't have any public statements on only sourcing corn, so they are open

to other feedstocks in the future.

Are you involved in the farm bill process? Lobbying for anything in particular?

They are not involved in that, since they are a couple of steps removed from the corn
itself, which is why they got involved with the lowa Corn Board.
Lauren said that their corn supplier might be involved in farm bill talks, but she’s not

sure.

Do you think bioplastics can compete with biofuels? l.e., do you think there is enough input

available for both a growing biofuel and bioplastics market?

Lauren indicated that there could be tension between the two (via competition for the
same input resources), but so far they haven't had trouble getting enough corn
feedstock.

The direction that US policy takes will answer that question, but it’s too early to tell.

What do you think the biggest challenge to the bioplastics industry is?

Bio content is generally viewed as very positive, in Lauren’s experience. Only a few of
their customers are nitpicky on first generation vs second generation, because to them
and their customers, using something renewable (first generation) is far better
environmentally than using fossil fuels.

Challenge: Sustainability expectations -- However, customers have different
expectations on sustainability and benchmarking sustainability metrics. Covation Bio has
to be clear with customers on what they can and cannot claim about their products.
Challenge: Lack of willingness to pay more -- Although customers say that they want to
buy bio-based products, customers don't want to pay more for them. Even though
Covation is producing at a global scale, they are tiny compared to traditional PET, so

they can’t compete on price quite yet. Lauren's opinion is that once biomaterials in
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general are more widely available, then they won't be more expensive; but right now,
Covation and other biomaterials are struggling to get their volumes up while balancing
the price needs of their customers.

e Challenge: Regulation could cause more harm than good if not done right — Lauren
thinks regulations could help with this discrepancy in price needs from producers and
customers, but also thinks regulation is tricky so could cause more harm down the line.
For instance, Covation operates globally so they are navigating many regulatory
environments (standards for claims of "bio" and sustainability, importing, testing,
chemical compliance laws). Right now, there is uncertainty of what kinds of materials
might be banned in certain applications, and a lack of understanding on recyclability and

biodegradability across regulatory regions.

4. PHA Inc.

Interviewee Panel: President and Founder, Head of Research & Development
Company: PHA manufacturing company (PHA Inc.)

**Please note that this interview has been anonymized so as not to disclose the company’s
identity, but details in this interview relating to the industry have been preserved. For simplicity,

this company will be referred to as “PHA Inc.”
Company Description:

PHA Inc. is a for-profit American start-up that manufactures PHA plastics mainly from Biogas.
They are targeting food service packaging, agriculture, and personal care industries. PHA Inc.

claims their product is completely biodegradable, compostable, and recyclable.
Key Takeaways:

1. PHA Inc. is in the prototyping phase but has seen lab success with their bacteria

fermentation process to significantly reduce the cost of production.

2. Asan entry point for large scale PHA production, the barrier paper coating market and

the fertilizer coating market look the most promising.
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3. PHAInc. has noticed that legislation in the EU and parts of the US (e.g., California and
Washington) are pushing for plastic waste reduction policies, which indicates a growing

global market shift away from traditional plastics.
Interview Notes:

What are the main challenges associated with manufacturing waste-based bioplastics? Please
describe any technological, economic, environmental, logistical, or regulatory challenges with

creating waste-based bioplastics?

e The biggest challenge is the current feedstock supply. As it stands, to have large scale
commercialization will be difficult because there isn’t enough available carbon. There is
about a 2:1 conversion rate when taking raw materials and turning it into PHAs, so the
process is not only expensive but typically produces lower yields. For example, if we
produced PHAs from canola oil at a large scale, we could consume 85% of the stock to
make enough. That just isn’t feasible.

e Also, we must consider how much companies are willing to pay for PHAs. At their
current price of $8 - $15 per kilogram of PHA, they are not cost competitive with
traditional plastic that are only about a dollar per kilogram. But that is where PHA Inc.
comes in, as we use Biogas to make PHAs and at a fraction of the price.

e Logistically, our challenge is procuring enough feedstock to put it through our bacteria
fermentation process to create a PHA that is market ready. That is why we are targeting
the barrier coating industry. In this space, the look of the plastic does not matter as it is
only the thing that lines the inside of as Starbucks cup. If it holds up, when a consumer
throws that cup away, it now becomes fully biodegradable. Whereas the traditional
lining in a Starbucks cup makes it impossible for it to be environmentally sustainable.
Our PHA would make a great substitute here since it mimics cellulose.

e Waste reduction in this space would make a huge impact. This market is also worth
billions so it would be financially beneficial as well.

e Fertilizer coatings is another space bioplastics could be useful. Again, the look doesn’t

matter, but if PHA could prevent fertilizer runoff, that would change the industry. No
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more eutrophication in downstream lakes/rivers and farmers could save money with

their fertilizer usage.

To what extent do you consider EOL impacts (e.g., environmental consequences) when

manufacturing waste-based bioplastics?

e This is a big consideration since regulations in the EU and US are shifting to restrict
traditional plastic usage. With our product being completely biodegradable,
compostable, and recyclable it gives us a competitive advantage over traditional plastics
in these locations. That [end of life consideration] is the problem with PLAs. They take a
special facility to compost them and can’t be thrown in a landfill to naturally
decompose. So if there isn’t a take back program or consumers don’t dispose of the

product properly, then PLAs aren’t really sustainable.

5. Cove

Interviewee: Jan Ravenstijn, Head of Research

Company: Cove, First Biodegradable Water Bottle

Company Description: Cove is the first biodegradable water bottle that is made of PHA, a non-
toxic and natural material that can be broken down by microorganisms.

Key Takeaways:

e Using a waste-based feedstock is achievable if the input is carbon rich. It is still in the
research stages, but it is plausible.

e The definitions and terms for bio-based plastics are lousy. Jan believes we should be
using PLA or PHA terminology and forego using the terms bioplastics or ‘bio-based
plastics’ altogether.

e There are four main reasons why there is a limited supply of PHAs in the market,
according to Jan. First, it takes a lot of effort on the fermentation part and material
scientists and microbiologists are not communicating effectively. Second, the plastics
industry is rich and powerful and spends a lot of money lobbying EU and US legislators;
lobbying against the natural PHA movement. Third, compounders and converters need

to adapt to working with more sensitive materials; suppliers need to adapt to the new
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temperatures that natural PHAs require without breaking the molecules. Lastly,
convincing legislators and NGOs to get on board with natural PHAs.
Interview Notes:
What feedstocks can go into the “next generation PHA.” The reading says it is feedstock flexible,
does that include waste-based inputs?

e PHA landscape analysis from last year showed that many PHA manufacturers are using
waste-based feedstocks. If the feedstock has a rich carbon source and if the input is
carbon rich, PHAs are very flexible feedstock. Report on PHA industry landscape shows
most producers are turning to renewable streams such as biogas from anaerobic
digestion, CO2, liquid materials (cooking oil, other plant oils), or solid carbon source
such as wood. Producers in China are working on technology that allows for flexibility in

carbon-rich materials.

Based on the “niche or mainstream” slides, how would you define “bioplastics,” Or would you
use the term “natural PHAS” are they interchangeable?

e There are billions of PHAs. Most PHAs are not biodegradable, but natural PHAs are
under certain conditions. According to Cove, bioplastics is a lousy term and companies
such as Cove shed light on the clear definitions of bioplastics as either biobased,
biodegradable, or both.

Who are the 4 mains natural PHA manufacturers?
e According to Cove, the three main natura PHA manufacturers in the United States are

Danimer Scientific, WRDC, Newlife, and Mango Materials.

What is limiting the supply of natural PHAs? Input availability? Cost of inputs? Educating
customers that the end product is as good as fossil-based plastics?
e There are four major reasons. Firstly, it takes a lot of effort on the fermentation part,
and material scientists as well as microbiologists are not communicating effectively.
There are two parts to the manufacturing process: Fermentation and downstream

processing. In these two parts, microbiologists and material scientists have not been
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connected before. They need to interact so that everyone is making useful products.
Right now, there is a lack of communication between them and has delayed the scale of
natural PHAs by about 5-8 years. Furthermore, the plastic industry is rich and powerful
and spends a lot of money lobbying EU and US legislators. The startups working on
natural PHAs don’t have the money to lobby like fossil plastics do. From past knowledge,
Cove mentions that it took 24 years and around 4 billion dollars to make PLA profitable.
Cove has seen a push from OEMs, such as Unilever, to want to move faster on natural
PHAs, but the traditional plastics and legislators are causing the slow down. Lastly,
compounders and converters need to adapt to working with more sensitive materials,
and suppliers need to adapt to the new temperatures that natural PHAs require without
breaking the molecules (150 degrees C). Cove believes PHAs can make it by convincing

legislators and NGOs to get on board.

What are some of the technological, economic, environmental, logistical, or reqgulatory benefits

and challenges with input sources?

In the early days of natural PHAs, they did not meet quality expectations, they were
smelly and sticky. Natural PHAs had struggled to move past that first impression.
Microbiologists that were setting up natural PHA companies had no clue what the

market wanted, so they struggled with uptake.

When using an input material due to its claims of being from “waste”, how do you determine

that the material is a waste product? Is there industry consensus on a certification or standard

regarding the classification of an input source as “waste”?

Waste companies say that there is no such thing as waste to feedstock; the value chain
of goods is linear and the industry needs to make them circular. The materials of the

future must be easy to use in feedstock for the next product.

Are you familiar with incoming or present legislation requlating PHAs? How will (or does) that

legislation affect your business? How is your company preparing (or prepared) for that

legislation?
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Landscape regulation looks very different depending on what country we are looking at.
Cove spoke with legislators in Brussels, EU regulators, and asked why they were banning
plastics. Legislators mentioned it was to prevent marine plastic, but that they will allow
plastics to be made from other materials. Jan asked what materials, legislator said
wood, which Jan pointed out does not biodegrade in the ocean. Natural PHAs were not
P

accepted by Brussels because they don’t consider it a “natural material” if it’s made in a

commercial setting. Some countries in the EU support natural PHAs, while others don't.

Are there any model legislation that he likes? Or what would be in his dream legislation?

I would like to see the idea of “Anything that is polymeric is plastic and any plastic is

dirty” to go away. He wants us to stop calling any polymer dirty.

6. Eco Products

Interviewee: Megan Jorgensen, Sustainability Maven

Company: Eco-Products

Company Description: Eco-Products is an American leader in the sustainable single-use

foodservice packaging space. The company offers better choices for their consumers to have

access to purchase foodservice products that are made from renewable resources and post-

consumer recycled content. The company currently offers bio-based plastics such as PLA

(polylactic acid).

Key Takeaways:

There is already a global expectation that there needs to be a significant decrease in
single use.

Composting access is limited right now. Compost access across the US is less accessible
than recycling. Expanding and increasing funding for compost facilities may help drive
more sustainable packaging to be used in the current supply chain.

The beginning of life and end of life of a product should go together.
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e Mixed products are a huge contaminant to recycling facilities. Some states have a
system in place to sort, but most don’t. For instance, the state of Colorado collects and
sorts separately and turned back into new products.

Interview Notes:

Does your company have internal goals to reduce virgin plastic usage in your supply or value
chain? Any goals to increase the percentage of bioplastics in your supply or value chain? What
about waste-based bioplastics?

e The company Eco - Products was purchased by Novolex in 2018. Up until the last couple
of years, Novolex was the largest producer of plastic bags. 75% is food service products,
25% is hard durables (plastic liner for construction). When they acquired eco - products,
it was their ‘green’ business.” Eco-Products does not make any virgin products.

e The company has different product lines: Greenstripe which is a PLA made with plant
starch, wheat straw, sugarcane, and sugarcane, all made from renewable plant
materials. The vast majority of the company’s products are compliant with ASTM
standards for compostability and many are BPI certified compostable, which means they
can return to the soil to help plants grow. The Greenstripe products are compostable in

commercial facilities ONLY, which may not exist in YOUR area. Not suitable for backyard

composting; Bluestripe is made with Post-Consumer Recycled Fiber, as known as PCP. It
is made from post-consumer recycled materials that have been used, recycled, and
repurposed, meaning fewer virgin resources are required and less landfill waste is
created. Eco Products has noticed making new products from recycled materials has
helped drive recycling markets and infrastructure.

e The market price shows that everybody wants items to be recyclable, reusable, or
compostable. Eco- Products has noticed there has been a lot of legislation around

plastics. Eco Products is dabbling in what type of materials can be reusable.

What are the main value drivers for your company to purchase waste-based bioplastics? Please
describe market pressure, incoming regulation, or economic benefits to using waste-based

bioplastics.
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In the beginning, it wasn't about regulations for the company. It was about
environmentalism and trying to do the right thing. Eco Products is aware that we are still
a society that relies on single use plastic, and this is not going anywhere. The question is:
“how we can still have a more sustainable single use product?” It is still the best option
out there and does not see it going away anytime soon. Eco Products started ahead of
regulation with just starting to want a compostable product. Compostable products
were designed to help with zero waste goals (e.g., a large event venue could have
compostable reflex, helping them achieve zero waste goals since all those food scraps
on these products can always go to the compost bin). If it is not compostable, you must
scrape the food in the trash and put that product in the landfill. Recycling is limited and
if it has a ton of food on it, the recyclers don’t want it as much.

There is a global expectation to reduce plastic waste as much as possible. Sadly,
industrial composting access across the US is less accessible than recycling. The recovery
of that product in the facility being turned into compost is so much higher than the

chances of the plastic to be recovered and turned into something else

When using an input material due to its claims of being from “waste”, how do you determine

that. Is the material a waste product? Are there any frameworks or protocols that your

company follows when sourcing waste-based bioplastics?

Eco products are currently not using waste — based bioplastics. Trying to better
understand what the feedstock is. These ideas haven’t been re-visited in a while. The
company is focused more on EOL advocacy and is using full corn base and sugarcane
feedstocks.

PLA or molded fiber (clam shell) LCA, the PLA raw material is going to be a lot bigger.
Eco-Invent is what Eco Products is using to build their LCA. Unfortunately, the PLA
information that is in the software is extremely dated. Legislation is driving against PLA
and driving Eco-Products to start using PHA. Legislation is driving innovation since they
are no longer able to use PLA for that market-base. The difference in cost between PLA

and PHA is five times as much money. PLA just got in the same price bracket as a PP cup.
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Legislation and consumer expectations are the need to be better. PHA has a smaller
environmental footprint, from an LCA standpoint, than PLA.
How are you managing traceability within your supply chain?

e With supplier surveys. The Eco — Products CEO would go to the physical facilities for Eco
Products in China. Novolex also has a person in China that checks in on the factories. A
lot of it is about relationships, and certifications are also helpful.

Any entities that are doing certifications for bioplastics?

e Yes. There are beginning of life certifications and end of life certifications. BPI, which is a
lab-based certification test, and CMA, which is to make sure the material can be
composted, are two popular end of life certifications.

To what extent do you consider EOL impacts (e.g., environmental consequences) when procuring
waste-based bioplastics?

e The beginning of life and end of life impact go hand in hand. PLA has a higher raw
material, but it can be composted and breaks down better than molded fiber products
do in a facility.

e First and foremost: made from renewable resources and is post-consumer content and
then reused, upcycled at end of life. Because of that, it helps with that better beginning
of life story. For instance, what is accepted in their recycling will change from county to
county. Since that is so complicated, being able to tell them you still have a better
beginning of life story with Eco Products through the raw material selection.

Do products that are mixed end up in recycling?

e Yes. PLAs are a big contaminant to recycling facilities. However, in Colorado, they are
collected and sorted separately, and turned back into new products. It is not a
contaminant if they are thinking of THAT collection. Sadly, 30% or less have access to
this type of sorting facility.

7. Seventh Generation

Interviewee: Tim Fowler, VP of Research & Development

Company: Seventh Generation
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Company Description:

Seventh Generation is a for-profit American company that sells eco-friendly cleaning and

personal care products. The company uses recycled and post-consumer material in their

packaging and has claimed to use biodegradable and plant-based materials.

Key Takeaways:

There is a huge cost disadvantage; the current challenge is getting the price at an
affordable place for consumers to be willing to put their money towards the sustainable
alterative instead of virgin material plastic.

Seventh Generation has noticed commitment to bioplastics, but not a lot of movement
towards creating a space and opportunity for the type of material to completely remove
plastic.

There needs to be an understanding on how that waste-based bioplastic will be recycled

or composted. The EOL plan of a bioplastic is just as important as the feedstock.

Interview Notes:

Does your company have internal goals to reduce virgin plastic usage in your supply or value

chain? Any goals to increase the percentage of bioplastics in your supply or value chain? What

about waste-based bioplastics?

“Good, better, best” objective; good meaning there are plastics and plastics solve some
challenges, so how do we take existing plastics and make them as good as they can be
(example, making all bottle post-consumer recycled content), making plastic that’s in
the supply chain gets reused as much as it can Better — concentrated laundry detergent
where the bottle is PCR but smaller because the detergent is more powerful (light
weighting packaging)

Best — getting to zero plastic in their offerings; example: liquid laundry bottle where the
bottle is cardboard; still has a plastic lid, so they are working on removing that plastic
cap

Objective are getting everything to 100% PCR, then how do we reduce the amount of

plastic they are using, and then how do they remove the plastic completely s}
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What are the main value drivers for your company to purchase waste-based bioplastics? Please

describe market pressure, incoming regulation, or economic benefits to using waste-based

bioplastics.

In all instances, they are paying a premium for the “better” plastics vs plastic from
natural gas or crude oil; whether it’s PCR or corn-based bioplastic, that costs more than
regular plastics

California has regulation around PCR in packaging, so to some extent they must follow
that but there isn’t a ton of regulation (25% in CA)

Two pronged

o They want to lead the industry and show the industry that there is another way;
“hold a mirror up to the industry”; which means they must make better choices
even if it’s not the absolute best choice (e.g., bioplastics are a better plastic)

o They have a segment of consumers who wants the more sustainable alternative;
gets tricky though trying to communicate to them that this bottle (bioplastic) is
better than other bottle (plastic) and have them know that bioplastics are better;
which is why they are leaning into cardboard packaging for now, because it looks
so different than plastics; the more they can move away from plastics, the more

appealing they are to certain consumers

What are the main challenges associated with purchasing waste-based bioplastics? Please

describe any technological, economic, environmental, logistical, or regulatory challenges with

procuring waste-based bioplastics?

Challenges are the economical; bioplastics (PLA or polyethylene) are more expensive;
so, challenge is getting the price right for the proposition because ultimately, they must
price the product similarly to what their competitors are doing when using crude-based
plastic; so, Seventh Generations must make up that cost elsewhere, either through

formula, shipping, etc.
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If virgin material is 100, PCR is 110 range (depending on quality of PCR), bioplastic tends
to be 20 more, specialty PLA can be 30 more. But he doesn’t have any trouble getting

bioplastics. o8:

Based on your understanding of the current waste-based bioplastics industry, do you think there

is sufficient waste-input sources to meet demand for waste-based bioplastics? If not, please

explain. Please also explain how your company is ensuring sufficient supply or waste-based

bioplastics.

Today he thinks there is enough supply, but it depends on the back end, i.e., does
waste-based bioplastic get recycled and then get back into the feedstock system; or
does that waste-based bioplastic degrade back into soil. Right now, because there are
commitments to bioplastics but not a lot of movement, his supply chain is fine for

now. It is getting increasingly difficult to source high quality PCR in the US because Coca
Cola, Pepsi, Nestle have all made commitments. But the problem is that if they are
making a green, red, blue bottle, that bottle is not going to get turned into a bottle
again, it’ll get made into a car input or something that’s not a bottle. So, PCR is getting
harder to get, which is creating an opportunity for bioplastics.

He doesn’t see a big issue in terms of availability of supply; sees bigger issue on cost.
Bioplastics that can be recycled have an opportunity. They have created a bottle that is
three layers, where the lower quality PCR (that doesn’t look good) is what touches the
product but what consumers see is the higher quality PCR.

Thinks bioplastics need to create demand on the back end (recyclability). “What am |
going to do with a bottle made of PLA?” a saying that if the only value we can get from
the bottle is to let it biodegrade or throw it by a river, then that stops the economic
value and we should not be littering and our landfills aren’t equipped to handle
biodegradable products properly. So he thinks for bioplastics that biodegrade, they need
to think about what value they can extract from end of life. Said they are doing the right
thing, but they don’t have that EOL value prop yet. The fossil fuel industry will do

everything in their power to make sure PLAs are not recyclable.
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Are you familiar with incoming or present legislation regulating waste-based bioplastics? How

will (or does) that legislation affect your business? How is your company preparing (or prepared)

for that legislation?

CA has a regulation coming into place (thinks it was voted into law in April of last year)
and it’s saying what can/cannot be called biodegradable or not. Said it’s poorly written
so it’s not super clear. CA wanted to stop the issue of having bioplastic forks, doggy
bags, etc. that clutter up composting stations. But how the law was written makes it
seem like you can’t call a leaf or milk biodegradable.

Vermont has a law that you can’t put compostable products in your garbage, and they
audit garbage (for businesses). In Vermont, you must compost, it’s a law. Limited to
food scraps for now, not bioplastics, but you can extend that out to broader extended
producer responsibility.

The only way plastics will work is through EPR. There’s nothing stopping a PHA or PLA

fork from biodegrading except that the finances don’t work out for the recyclers.

To what extent do you consider EOL impacts (e.g., environmental consequences) when procuring

waste-based bioplastics?

This was indirectly answered through his “good, better, best” logic and recurring theme
of bioplastics that are recyclable. All of their laundry bottles have bioplastics. When
they can’t use 100% PCR, they fill it in with bioplastic. Ex: 80% PCR and 20% bioplastic
from Braskem (supplier of theirs)

Polypropylene out of plants, which can be recycled. In contrast to something like the
Cove water bottle, which has the goal of biodegradable. Bioplastics as he looks at them
is see what’s the starting material and what’s the EOL plan

Said that most recyclers won’t use bioplastics like PHA or PLA when the end of life
should be recycled. They like to use PLA bioplastics for things that can’t be recycled,
such as diapers (they don’t advertise that, but they do use PLA in that). Like to use
bioplastics for landfill products because at least it’s better than traditional plastics and

will eventually biodegrade
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e The ideal feedstock is a waste material; they want corn from stover or stalk, not the
corn what you would feed to a cow or person. Most of the materials they use are
secondary materials; tend not to advertise that (Example: palm oil that is left over from
palm oil for food production gets used in their laundry detergent!)

e Suppliers: they will buy from the material suppliers, e.g. bottle producer or nonwoven
producer (for diapers); they tell the supplier, | want the end product made from these
materials; Seventh Gen specs to suppliers what materials they want and suppliers
source that material (Seventh Gen is one degree removed); same thing with bottle,
Seventh Gen will go to Berlin, Alpla (?) and say “l want this bottle to be 100% PCR” and
then that supplier will source the PCR or the bioplastic or whatever they want; tends not
to specify a particular supplier unless they know that Braskem (for example) will be the
only input that works.

e Supplier using waste-based inputs: Braskem. Tim hasn’t audited them or flown out to
Brazil to verify that.

e Seventh Gen created a compostable diaper, but SF and Toronto were the only two cities
in North America who would accept the design. Seventh Gen didn’t launch it because it
was too expensive and because they couldn’t get traction with composting facilities.

e Message to our partner: Must think about your supply chain from ground to ground,
otherwise you’re going to recreate the same problem that the plastics industry has
created. Plastic is a great material, but we never thought about the ramifications. The
same logic should be applied to bio-based plastics. What happens after we create bio-
based plastics? “Mother Nature has no waste”. So, if bioplastics doesn’t think it through
beginning to end, then bioplastics might be cool for a few years, but then people will
start wondering, “why is this PLA floating in my river?” “Not a material problem, it's a
societal problem.” Never think of supply chain as a straight line between two points,
think of it as a circle.

Follow up Q: how are they determining that it’s waste? Are you asking your suppliers? Are there

are certifications or audits?
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e They run a test to see if the material comes from a new source of carbon or an old
source. They don’t test if it’s waste-based, but they do confirm whether it’s a bio-based

material. Waste definition is different for everyone.

8. Aptar

Interviewee: Taylor Price, Senior Manager, Global Sustainability
Company: Aptar

Company Description: Aptar is a global packaging manufacturer of durable plastic good for a
variety of industries including pharmaceuticals, personal care, food and beverage, and home
care. Their products range from pumps, aerosol valves, closures, and custom packaging
solutions based on a client’s need. Aptar strives to conserve natural resources by creating

solutions that respect the environment and improve life on earth.
Key Takeaways:

1. Aptar’s clients have not seen a big enough interest in bio-based plastics to ask the
company to truly invest, and the currently available bio-based plastics do not meet the
quality standards the company has for durable goods.

2. For now, customers are focused on recyclability and reusability, which influences what
type of packaging companies want to use. Additionally, there is a lot of conflicting
terminology around bioplastics that consumers don’t understand (e.g., biodegradable, bio-

based, compostable, etc.).

Before Aptar makes a large investment in this space, or looks into waste-based bioplastics, they

want to wait and see what customers demand of this market.
Interview Notes:

Does your company have internal goals to reduce virgin plastic usage in your supply or value
chain? Any goals to increase the percentage of bioplastics in your supply or value chain? What

about waste-based bioplastics?
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Most of the products made at Aptar (about 90-95%) are made with traditional plastics.
We have considered bio-based plastics in the past, but they do not currently work for
our specific manufacturing needs. They seem to be better suited for the single-use
packaging space over the durable packaged goods industry. It is still an emerging market
in my eyes and one that we are curious about.

But Aptar does believe that sustainability is a little bit of everything. This includes
external organization collaborations (e.g., foundations, certifications, etc.) and product
manufacturing, (i.e., how a product is used at its end of life). This belief is why we are a

part of the Ellen MacArthur global plastics commitment. So when we design a product,

we are considering from the beginning how to ensure it does not end up as w For our
products, we can use post-consumer recycled content and ensure the end product is

reusable and/or recyclable at its end of life.

What are the main value drivers for your company to produce bio-based plastics? Please

describe market pressure, incoming regulation, or economic benefits to using these plastics.

The industry thinks about end of life and typically focuses on this question. So, to
manufacture goods, we look at reusability, recyclability, and composability based on a
client’s need. We have produced bio-based plastic products in the past, but that has
been per a client’s request. For instance, we had a client request a sustainable plastic
pump for their product. The packaging aligned with their mission and values, but they
only did it with one product instead of all their products.

As you can see, our customers do talk/ask for bioplastics as their consumers are talking
more about recyclability and reusability. But consumers don’t want to pay the price
premium that comes with a fully biodegradable plastic. Additionally, they don’t fully
understand the minute terminology in this space and don’t know the difference in types
of composability (e.g., at-home or at a facility). For now, they want their engineering
team to stay up to date with bioplastic news. But with a lot of uncertainty in the market

it is hard to currently invest.
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What are the main challenges associated with producing waste-based bioplastics? Please
describe any technological, economic, environmental, logistical, or regulatory challenges with

procuring waste-based bioplastics?

e Waste-based bioplastics is not a space that they have dug into deeply. But | would be
curious to know what happens at the end of a waste-based bioplastic’s second life? You
don’t really want plastics in the environment at all even if it’s a bio-based plastic. Once
the bio-based product has been turned into plastic, what happens to the material once
that product is disposed of? We need to consider what the LCA/end of life looks like for
bio-based plastics and waste-based bioplastics. Can it go into a recycling stream, can it

be compostable?

Are you familiar with incoming or present legislation regulating waste-based bioplastics? How
will (or does) that legislation affect your business? How is your company preparing (or prepared)

for that legislation?

e There are general plastic regulations, but it gets “gray” when you start looking at plastic
recycling regulation. We have seen regulation on post-consumer recycle content, but

nothing super strong.

To what extent do you consider EOL impacts (e.g., environmental consequences) when

producing plastics?

e Aptar wants to look at this and consider it a circularity question on how they develop
their packaging. We can use an LCA process to look at our overall impact. We so look at
Europe and US design guidelines on how packaging can be recycled, as well as APR has a
design guide we follow. We also train employees about the circular economy to think
through the EOL of products.

e Some places can recycle easily to get material back, but the ability to recycle can be
dependent on if it is at home recycling or if it needs something more industrial.
Industrial composting is hard to do because it is not available everywhere, as the

infrastructure is missing in most places. Usually single-use plates, cups, utensils can be
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compostable, instead of our durable goods products, but application is extremely
important.

e There are some bio-based plastics accomplishments. Bio-based plastics may find more
success in products that are not consumer facing as they may have less regulations,
which reduces the barrier to entry. PCR is being used to make trash cans and park
benches. Some people may say down cycling is not the best use, but it is keeping it out

of the oceans, so it is a place start.

9. Plant Based Products Council
Interviewee: Jessica Bowman, Executive Director
Company: Plant Based Product Council (PBPC)
Company Description:
PBPC is a member-based trade organization that represents the interests of companies across
the value chain of the plant-based product industry including producers, manufacturers, and
retailers. The organization engages policymakers and the public through education and policy
advocacy. While the PBPC claims to be ‘feedstock agnostic’ the organization was founded by
the Corn Refiners Association (CRA).
Key Takeaways:

e Second- and third- generation feedstocks are an attempt to avoid the impacts to land,
water, and biodiversity associated with virgin feedstocks such as corn and soy. However,
the PBPC is not convinced that first-generation feedstocks are bad for the environment.

e The main policy driver for bio-based plastics in the U.S. is currently the Farm Bill which
provides funding to the Bio-Preferred Program which will be updated again in 2023.

Interview Notes
Do you see companies making goals to use bioplastics in their supply chain?

e Yes, Jessica noted a growing interest in bio-based plastics and materials based on goals
surrounding plastic usage or goals related to other sustainability efforts including net-
zero commitments.

What are the main value drivers for companies to purchase waste-based bioplastics? Please
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describe market pressure, incoming regulation, or economic benefits to using waste-based

bioplastics.

PBPC works with member organization to increase availability of bio-based materials
including corn and other feedstocks. Primary drivers for first generation feedstock are
the environmental benefits of bio-based materials compared to conventional
petroleum. Second generation feedstocks are an attempt to avoid issues related to land-
use change, biodiversity loss, and water contamination. However, Jessica is not

convinced these claims targeted at first generation feedstocks are substantiated.

Are you familiar with incoming or present legislation regulating waste-based bioplastics? How

will (or does) that legislation affect your business? How is your company preparing (or

prepared?)

Jessica identified the E.U. as a hotbed for bio-based plastic legislation including the
recent guidance on bio-based and biodegradable plastics. As for the United States,
Jessica noted that there was more interest in the bioeconomy in the previous Congress
than the current legislature. Other legislative efforts to regulate bio-based plastics
include the Bio-Preferred Program which is funded by the Farm Bill in the U.S. and TUV-

certification on the E.U.

To what extent do you consider EOL impacts (e.g., environmental consequences) when procuring

waste-based bioplastics?

The PBPC collaborates with BPI on advocating for legislation surrounding the EOL of bio-
based plastics. In 2021, PBPB supported the Compost Act which was introduced in both

the House and Senate and provide policy and regulation to govern the EOL of bio-based
products. Jessica mentioned the lack of infrastructure that can process bio-based

products and food waste as a significant barrier.

10.Biodegradable Products Institute

Interviewee: Alex Truelove, Legislation and Advocacy

Company: Biodegradable Product Institute (BPI)

Company Description: BPI is a member-based nonprofit organization comprised of companies

that produce or use compostable packaging and products. BPI provides third-party certification
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and labeling based on ATSM standards for compostable products. They are called the BPI, not
the compostable products institute, because they are certifying products to be compostable in
a certain environment. BPI is compostable in an industry environment, but they do certify
biodegradability in other environments for certain products (e.g., marine biodegradable fishing
nets).

Key Takeaways:

e There is strong demand for bio-based plastics with significant growth opportunities
related to compostable food packaging.

e Industry would benefit from federal funding to support compost programs and
infrastructure development. Funding and support for the industry is a bipartisan issue
due to the link between composting and the agricultural industry.

e Thereis a lot of interest from state, local and federal government surrounding bio-based
plastics. California and Washington are considering legislation that would provide a
uniform system for bio-based plastic used in certain items including cutlery, straws, and

coffee cups that would shift away from the use of conventional plastics.

Interview Notes

What are the main value drivers for companies to purchase waste-based bioplastics? Please
describe market pressure, incoming regulation, or economic benefits to using waste-based
bioplastics.

e Alex and his colleagues don’t know when the market will saturate. BPI believes
compostable plastics will increase and that the industry is still a small slice of pie, but
there is lots of potential for growth, particularly in food packaging space.

What are the main challenges associated with purchasing waste-based bioplastics? Please
describe any technological, economic, environmental, logistical, or regulatory challenges with
procuring waste-based bioplastics?

e The compostable version of an item is currently more expensive than a conventional
version of that same item. Additional costs associated with compostable plastics include

labeling, certification, and the premium price for bio-based feedstocks. Alex believes
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that regulation will play in important role in leveling the cost between bio-based plastics
and their conventional alternatives. Alex also identified the use case for compostables
as a challenge that must be overcome by ensuring that farmers are applying compost in

agricultural practices.

Are you familiar with incoming or present legislation regulating waste-based bioplastics? How

will (or does) that legislation affect your business? How is your company preparing (or

prepared?)

Alex noted executive action from Biden administration to invest in bioeconomy. He also
mentioned Seattle is mandating that single use coffee cups, straw, forks, etc. must be
recyclable, however, the conventional alternatives aren’t recyclable, so the law
effectively mandates compostable plastics. California will be mandating composability
for certain types of plastic items in the coming months. Washington is also making
coloring and labeling uniform which will be helpful for distinguishing compostable
plastics from other items. Alex believes that legislation and regulations that standardize

both the definitions and labeling of bio-based plastics is needed.

To what extent do you consider EOL impacts (e.g., environmental consequences) when procuring

waste-based bioplastics?

BPI provides lab testing and certification of compostable bio-based plastics that
guarantees products and packaging will break down at industrial compost facilities.

There is no evidence of BPI-certified products breaking down into microplastics.
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