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Abstract

Businesses are turning to bio-based, compostable plastic packaging as a circular econ-
omy solution to global plastic pollution. However, there is a lack of proper waste
management systems for collection and processing. Through an international
research initiative, a social innovation lab was undertaken in Brazil, Canada, Poland
and the United Kingdom to understand and address key barriers in closing the bio-
based plastic packaging loop. Based upon a qualitative data set of 100 stakeholder
interviews and three phases of workshop activities in each country, a grounded
model was generated to illustrate how competing views and actions are inhibiting a
circular system for bio-based plastic packaging. Key issues were the lack of end-
of-life processing infrastructure, contamination in processing facilities and absent or
ineffective regulation. A systemic approach that includes shared responsibility for
infrastructure, simplified packaging design and materials and equitable regulation to
reduce susceptibility to greenwashing can improve collaboration to meet circular

goals.

Abbreviations: AD, anaerobic digestion; ADBA, Anaerobic Digestion and Bioresources Association; B2B, business-to-business; BBIA, Bio-based and Biodegradable Industries Association; BPI,
Biodegradable Products Institute; COVID-19, coronavirus disease 2019; ECBPI, European Circular Bioeconomy Policy Initiative; EPR, extended producer responsibility; EU, European Union;
NPSW, National Policy on Solid Waste; OPRL, on-pack recycling label; REA, Association for Renewable Energy and Clean Technology; SIMBIO, Social Innovation Management for Bioplastics;
STM, American Society for Testing and Materials; UCL, University College London; UK, United Kingdom; WRAP, Waste and Resources Action Programme.
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1 | INTRODUCTION

Interest in the circular economy has grown rapidly in recent years
(Barreiro-Gen & Lozano, 2020; Suchek et al., 2021). This interest has
spurred new business models and innovations such as using waste as
a resource (Moggi & Dameri, 2021; Nogueira et al., 2023; Puntillo
et al, 2021) and developing more sustainable products (Pinkse &
Bohnsack, 2021), such as producing plastic materials from bio-based
sources (Gurunathan et al., 2015; Kochanska et al., 2021). ‘Bio’ here
refers to biologically derived materials and is part of a wider bioecon-
omy proposed as a more sustainable replacement to using environ-
mentally damaging materials such as fossil fuels (Hinderer &
Kuckertz, 2022). Bioplastic packaging is one application of many
within the bioeconomy, and is commonly perceived by businesses,
institutions and consumers as a sustainable packaging option (Dilkes-
Hoffman et al., 2019; Meeks et al., 2015).

As a broad term, bioplastics encompasses both bio-based plastics,
which are made wholly or partly from biomass, and biodegradable
plastics, which break down into components such as biomass, water,
carbon dioxide and methane according to the specifications in a stan-
dard or test method (Atiwesh et al., 2021; Lackner et al., 2023;
Lambert & Wagner, 2017). While scholars in this field have been
advocating for clear definitions that all stakeholders should adopt to
overcome confusion in the literature, there are still no standard defini-
tions used in the sector. A confusing scenario has arisen whereby
some bio-based plastics can be non-biodegradable, while some other
non-bio-based plastics are biodegradable. This lack of clarity comes
from the broadly defined nature of the term biodegradable, as this
does not automatically mean that degradation will happen in any envi-
ronment (Atiwesh et al., 2021; Prieto, 2016). Instead, degradation
may require certain conditions. For example, bio-based compostable
plastics (referred to as compostable plastics for brevity) typically can
only degrade in industrial composting facilities if the right conditions
are met (Lackner et al., 2023; Lambert & Wagner, 2017). In this paper,

TABLE 1 Plastic definitions.

Term Definition

Bio-based plastic

we focus on bioplastics that are bio-based. Table 1 gives further clari-
fication of the definitions of plastics used in this paper based on
review articles in this field. The term “conventional plastic” was added
to this paper to refer to plastics that are not bioplastics, in other
words, derived from fossil fuels.

Despite the environmental sustainability claims associated with
bio-based plastics, there is still a lack of consensus on their environ-
mental impacts. Studies on the environmental impacts of bio-based
plastics are generally technologically focused, such as through life
cycle assessments. Spierling et al. (2018) as well as Walker and Roth-
man (2020) warn of difficulties in the application of such assessments
to bioplastic materials given the unestablished nature of their use and
development. Furthermore, results are highly variable and depend on
factors such as the raw material source, how residues and side
streams are treated, transport distances and end-of-life management
(Bishop et al., 2022; Hottle et al., 2013; Van Roijen & Miller, 2022).
End-of-life management is often not included in life cycle assessments
and is currently a blind spot in sustainability assessments of bio-based
plastics (Gerassimidou et al., 2021). When end-of-life management is
taken into consideration in life cycle assessments, then greenhouse
gas emissions could increase due to the degradation of bio-based
plastics in landfills (Hottle et al., 2013; Van Roijen & Miller, 2022).
While a global figure specific to bio-based plastics is not available,
landfilling is a common route of disposal according to one study in the
United States (Meeks et al., 2015).

In the food sector, which uses a large amount of single-use pack-
aging, bio-based plastics are seen as a substitute that supports the cir-
cular economy (Tan et al., 2021; Tardy et al., 2022). Global acceptance
of bioplastic packaging as a replacement for conventional plastic pack-
aging is high (Kochanska et al., 2022). Studies have found that con-
sumers are willing to pay a premium for food products in bio-based
plastic packaging (Findrik & Meixner, 2023; Skouloudis et al., 2023),
although the premium may be very low (Kochanska et al., 2022).

There are, however, social challenges associated with the use of bio-

Plastic that contains organic carbon from a renewable origin such as “agricultural, plant, animal, fungi, microorganisms, marine,

or forestry materials living in a natural environment in equilibrium with the atmosphere” (ASTM, 2016, as cited in Lambert &
Wagner, 2017, p. 6857). This also includes “partially bio-based (or hybrid) plastics” that are made from a mix of bio-based

materials and fossil fuels (Atiwesh et al., 2021, p. 2).

Biodegradable

Plastic that “can be broken down into monomeric or polymeric components, including biomass, water and carbon dioxide or

plastic methane, via microorganisms” (Atiwesh et al., 2021, p. 2).

Compostable plastic  “Plastic that undergoes biological degradation during composting to yield carbon dioxide, water, inorganic compounds, and
biomass at a rate consistent with other known compostable materials and leaves no visually distinguishable or toxic residues”
(ASTM, 2012, as cited in Lambert & Wagner, 2017, p. 6857). While this can include industrial or home composting, only
industrial composting is considered in this paper to align with common testing standards for compostability.

Conventional plastic  Plastic that is derived from fossil fuels.
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based plastic packaging. COVID-19 has exacerbated the reliance on
single-use plastic packaging for sanitary reasons and bio-based pack-
aging is seen as a viable replacement, yet its social sustainability is
questioned because the demand for raw materials may compete with
food resources (Brizga et al., 2020; Kochanska et al., 2022).

With regards to the development of bio-based plastics as a circular
economy, consumer-focused studies have found that with such a wide
range of products on the market, users do not know or are confused
about what different types of plastics are and their disposal routes
(Dilkes-Hoffman et al., 2019). Studies have also shown how bioplastic
waste management infrastructure has not been designed appropriately
due to the lack of processing facilities or problems that these products
cause within facilities (Kakadellis et al., 2021; Lambert &
Wagner, 2017; Meeks et al., 2015). Multiple sectors like packaging,
food and waste management, are all important actors in the bio-based
plastic packaging supply chain (or product life cycle, in circular econ-
omy terms), yet have differing business priorities and operations
(Gerassimidou et al., 2021). End-of-life management challenges for
bio-based plastic packaging, therefore, can be considered a ‘wicked’
problem as it is seemingly impossible to solve due to the numerous
interdependent factors that simultaneously impact circular economy
solutions (Hopkinson et al., 2018; Rittel & Webber, 1973), leading
many scholars to question its premise (Corvellec et al., 2022). The situ-
ation echoes studies that have explored the tensions businesses con-
tend with in pursuing circular economy goals (Daddi et al., 2019),
whereby firm competitiveness and product quality have been noted as
being negatively affected (De Angelis, 2021). Implementing a circular
economy has frequently been described as ‘paradoxical’ as efforts to
make social and environmental improvements compete with the com-
plex reality of business practices and different system levels that sup-
port such arrangements (Dagiliené & Varaniuté, 2023; Van Der Byl &
Slawinski, 2015). Exploring these competing tensions is an emerging
field of work with a significant gap in considering the circular economy
challenges faced within the bio-based material sector.

Whilst collaborative, multi-stakeholder initiatives are well-suited
to working on wicked problems (Dentoni & Bitzer, 2015), such solu-
tion development approaches have not been widely used in the field
of bioplastics with the exception of this study and the Aachen bioplas-
tic living lab. Bringing together 15 research groups across social, natu-
ral and engineering sciences as well as members of the public and
wider stakeholders, the Aachen bioplastic living lab is still ongoing but
initial findings display how such initiatives can act as a catalyst to
overcome persistent challenges in synchronising multi-actor change
(Backhaus et al., 2023).

To address the complex challenges of bio-based plastic packaging
throughout its entire supply chain from production to end-of-life man-
agement, a joint project was carried out in Brazil, Canada, Poland and
the United Kingdom (UK) as part of an international social innovation
research collaboration initiative. While these countries represent dif-
ferent states of bio-based plastic packaging market development,
infrastructural development and policy, there was a common theme
throughout: Participants raised concerns and frustrations about how

compostable plastic packaging is not being composted but is instead

and the Environment @ .§;—WI ]_‘E.YJ_3

disposed of as garbage. This was seen as a key gap in closing the prod-
uct cycle for compostable plastic packaging to be a truly circular inno-
vation. While the objectives of the overall project had a wider scope,
for this paper, the research questions are focused on the end-of-life

management gap:

1. What is preventing bio-based plastic packaging from fully integrat-
ing into the circular economy?
2. What are the potential solutions to these challenges and what fac-

tors will influence their adoption?

A social innovation lab process (Domanski et al., 2020; McGann
et al., 2018; Nesti, 2018; Westley & Laban, 2015) was used to strate-
gically bring participants, businesses active in these supply chains,
together to develop a common understanding of a problem and col-
laborate innovative solutions through iterations of information collec-
tion, analysis, creative engagement and prototype development. It
provided a whole systems approach with the intent of exploring solu-
tions that result in a profound and permanent shift in the social sys-
tem. This study is unique in eliciting the viewpoints of diverse
participants through dialogue and co-creation from social innovation
lab workshops in four distinct regions around the world (Brazil,
Canada, Poland and the UK).

In the study of sustainability transitions, narratives are “a story
ascribing meaning to social or physical phenomena by connecting a
sequence of events and actions in a plot” and can “fundamentally
enable or constrain our thought spaces and practical options for the
future” (Leipold, Weldner, & Hohl, 2021, p. 2). Narratives can also
shape the interpretation of problems and prioritisation of solutions. In
the interviews and during the interactions between participants work-
ing in different areas of the supply chain in the social innovation lab
workshops, it became clear that there were competing narratives on
the end-of-life management of bio-based plastic packaging. Further
exploration of these tensions through facilitated activities during the
labs generated rich insights that would not have been uncovered
through traditional research methods, such as surveys, interviews and
focus groups. Through analysing the competing narratives that
emerged from this research, this paper offers new perspectives on
how current solutions are falling short of achieving circularity and
systems-oriented interventions that could be more effective in closing

the loop for bio-based plastic packaging.

2 | REGIONAL CONTEXT

Given the large geographic spread of this research, there are different
social, cultural and political contexts to consider. Table 2 provides an
overview of the state of the bio-based plastic packaging sector in each
country based on a review of the literature. The availability of litera-
ture specific to each country varied greatly and, in some cases, was
very sparse. Therefore, the information presented in Table 2 may not
be directly comparable between each country but instead serves as

background to contextualise the findings in this study.
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(Continued)

TABLE 2

United Kingdom

Poland

Canada

Brazil

Context

e Directive (EU) 2019/904 of the European

applied to certified products and prohibits the
use of the terms biodegradable or degradable

(Environment and Climate Change

Canada, 2022).

Parliament and of the council on the reduction
of the environmental impact of certain plastic

products.

e Directive (EU) 2018/851 of the European

Parliament and of the Council of 30 May 2018
amending Directive 2008/98/EC on waste as

regards Articles 8 and 8a, which relate to
extended producer responsibility (EPR).

o Plastic pact between many key industry

organisations across the value chain is

® 2030 National Waste Management Plan
aims to develop infrastructure for both

e Canada Plastics Pact between businesses,

government, and non-governmental

o No targets or strategic plans.

Targets and
strategic
plans

targeting all packaging to be reusable,

aerobic and anaerobic organic recycling, which
also accepts biodegradable packaging waste

(Stys et al., 2018).

organisations has targets of 100% of plastic
packaging being designed to be reusable,

recyclable, or compostable by 2025 - The UK

Plastic Pact (WRAP, 2024).

recyclable or compostable by 2025 and at least
50% of plastic packaging is effectively recycled

or composted by 2025 (Canada Plastics

Pact, 2021).

Business Strat E
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In Canada, Poland and the UK, bio-based plastic packaging is an
emerging market that is projected to grow, especially in the food sec-
tor. For these three countries, while composting and anaerobic diges-
tion facilities exist, many are not prepared to process compostable
plastics. In Brazil, the market remains a small niche due to the high
investment cost for product development and the lack of composting
infrastructure. Public perception of bio-based plastic packaging is gen-
erally positive across all four countries, but there is some scepticism
around environmental claims and product quality. Standards and/or
certifications for industrially compostable plastics exist in all four
countries, but only Brazil has a regulation that mandates such stan-
dards to be met for products to be labelled as compostable. In Canada
and Poland, regulatory frameworks to govern the labelling of environ-
ment claims on products (including compostability) are under develop-
ment. Broader regulations restricting the use of single-use plastic
products such as shopping bags and straws are in place in Canada and
Poland (as part of the European Union), which include bio-based plas-
tics. Strategic plans and targets include plastic pacts by industry for
plastic packaging to be reusable, recyclable or compostable by 2025
(Canada and the UK) and infrastructure development for aerobic and

anaerobic recycling (Poland).

3 | MATERIALS AND METHODS

Each country's research team followed a similar social innovation lab
process that included four phases based on Westley and Laban (2015)
(1) defining the challenge, (2) understanding the system, (3) exploring
solutions and (4) prototyping solutions. Phase 1 consisted of key
informant interviews to define the challenge of bio-based plastic
packaging and establish a convening question for the social innovation
lab workshops. Phases 2 to 4 consisted of a series of three social inno-
vation lab workshops that roughly followed the method from Westley
and Laban (2015). This process was customised for each country
based on the local context, participants and restrictions due to the
COVID-19 pandemic. Research ethics approval was granted by each
of the universities in the consortium for the research activities con-
ducted in each country. Table 3 gives an overview of the methods
employed throughout the project. The description of these methods is
offered within the presentation of the four phases of the research

project as this best describes how the project took place.

3.1 | Recruitment

Participants were recruited purposively based on their knowledge of
and experience with bio-based plastic packaging. A good coverage
was achieved of stakeholders operating across the bioplastic supply
chain. Potential participants were first identified through existing
contacts who are connected to bio-based plastic production, use,
end-of-life management, research or governance. To improve repre-
sentation from different parts of the product life cycle, additional

potential participants were identified via web searches, engagement
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TABLE 3 Overview of the methods employed throughout the four phases of the project.

Project phase Methods employed

Literature review
Semi structured interviews (mostly online)

1. Defining the challenge

Social innovation lab workshop activities:
o focus group discussions

2. Understanding the system

o collaborative group activities (system role identification)

* mapping of barriers and opportunities
o identification of leverage points

Social innovation lab workshop activities:
o solution identification

e solution visualisation

e ideation of business models

3. Exploring solutions

4. Prototyping solutions Social innovation lab workshop activities:

o presentation and narrowing down of applicable solutions
o evaluation of the feasibility, practically and potential impact of proposed solutions
o gamification of decision making around the implementation of potentials and their configuration
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* Workshop 3 in Brazil was open to the public. The number of participants representing consumers was not tabulated.

FIGURE 1 Participants by country and sector.

32 |

with industry associations and referrals from existing contacts. A com-
prehensive list of potential participants was created for each country.

Phase 1: defining the challenge

Invitations to participate in the different phases of the project were
sent to relevant potential participants from the lists based on their
knowledge domain. See Figure 1 for an overview of the participant

types by country and project phase.

A total of 100 participants took part in semi-structured interviews
between February 2020 and June 2021. Questions were open-ended
and covered topics such as perceptions of bio-based plastic packaging,

current production, use and end-of-life management processes,
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drivers, enablers and inhibitors to the market, and identification of key
stakeholders in the product life cycle. Almost all interviews were con-
ducted via web conferencing or telephone. A few interviews in
February 2020 were conducted in-person before COVID-19 became
a global pandemic. The interview duration ranged from 30 to
120 minutes, with most interviews taking approximately 45 to
60 minutes. Interviews were recorded via a digital voice recorder or

through web conferencing software.

3.3 | Phase 2: understanding the system

The objective of this phase was to develop a common understanding of
the key challenges and barriers in the production, use and end-of-life
management of bio-based plastic packaging. Lab workshops (Lab 1)
were held between October 2020 and July 2021 and engaged a total
of 95 participants. Examples of workshop activities included focus
group discussions, building group timelines, reflecting on participants'
roles in the system, identifying barriers and opportunities, mapping bar-
riers and opportunities using different techniques (e.g., systems map-
ping, cause-and-effect diagrams), and identifying leverage points.
Workshops were convened online using Zoom or Microsoft Teams.

See Appendix A for the workshop agendas by country.

3.4 | Phase 3: exploring solutions

This phase aimed to evaluate current innovations in bio-based plastic
packaging, their successes, failures and shortcomings. The workshops
were designed to expand thinking on possible social innovation solu-
tions and identify solutions for rapid prototyping. Lab workshops (Lab
2) were held between February 2021 and January 2022 and engaged
a total of 86 participants. Examples of workshop activities included
visualising solutions with bricolage, mapping out solutions on a busi-
ness model canvas (Miro, n.d.), clustering and prioritising solutions
with online tools and focus group discussions. Workshops were con-
vened online using Zoom, Microsoft Teams or Gather. Town. See

Appendix A for the workshop agendas by country.

3.5 | Phase 4: prototyping solutions
The original objective of this phase was to test and prototype solu-
tions within the social innovation lab container to evaluate their feasi-
bility, practicality and potential impacts. Based on the findings of the
previous phases, the approach for this phase was more flexible with
the workshop content appropriated to the relevant context of each
country. In Brazil and the United Kingdom, workshops were convened
in a hybrid format with some participants attending in-person and
others online. In Canada and Poland, workshops were convened
completely online using either Zoom or Microsoft Teams.

In Brazil, presentations were made by 13 stakeholders to explain

their products already developed or under development to be pitched
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as potential solutions. The event was presented in four sessions with
the following themes: Legislation, Market, Waste Management and
Research and Development. After each block of presentations, inter-
active debates were held between the team, stakeholders including
waste pickers and general consumers.

In Canada, a gamification approach (Li et al., 2023) was used to
prototype two solutions that dominated discussions in the previous
phase: standardised plastic labels and single-use plastic bans. For the
first game, participants designed labels for different types of plastics
(including compostable plastics) in groups and then tested how well
these plastics were sorted by other groups via an online game. For the
second game, participants designed a retail system without single-use
plastics in groups for a specific product which was then evaluated by
another group for its feasibility.

In Poland, the three top solutions identified by stakeholders as those
with the greatest potential to stimulate the development of the com-
postable packaging market in Poland underwent rapid prototyping and
testing. The solutions were: a national strategy for the development of
the compostable packaging market, an industry organisation and a digital
multi-sided business-to-business platform. Stakeholders worked in three
discussion panels. Each panel was devoted to a multidimensional discus-
sion on the design of a given solution and the possibility of its implemen-
tation. Stakeholders filled in a business model canvas (Miro, n.d.) in
terms of five to seven key elements describing the solution, including
strategic goals, tangible and intangible resources to be created and oper-
ated, or types of risk for the success of the implementation.

In the UK, experts presented each of the six solution areas
(Tjahjono et al., 2022). Participants then discussed each cluster solution
in break-out groups in terms of its transformative potential. The break-
out discussions posed three evaluative factors: feasibility, practicality
and configurations for proposed innovations. Participants then played a
scenario game to prototype feasible systemic solutions for specific bio-
based biodegradable plastic products (Tjahjono et al., 2022).

Lab workshops were held between April 2021 and June 2022
(Lab 3) and engaged a total of 89 participants. See Appendix A for the
workshop agendas by country.

3.6 | Analysis
Audio recordings of interviews were transcribed manually or using the
Otter.ai transcription tool. Each country's research team coded
the transcripts according to their own codebook. Observations and out-
puts (e.g., notes taken by research assistants, Miro whiteboards, group
diagrams, game results) from workshops were summarised as internal
notes or reports that were shared with workshop participants. Key find-
ings from the workshops by country and activity are included with the
agendas in Appendix A. The combination of transcripts, internal notes,
workshop findings and reports served as the data for analysis.
Inductive and deductive approaches were employed iteratively to
code the data. Gioia et al.’s (2013) method of qualitative data analysis
provided a basis for the collaborative process through which the

themes were derived from the data. Figure 2 gives an overview of
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First Order Concepts Second Order Aggregate FIGURE 2 Coding themes.
Themes Dimensions
Existing facilities cannot accept compostable plastics; Infrastructure
Facilities to process compostable plastics do not exist capacity

Stakeholders acting in own interests; Businesses and
government should collaborate

Businesses should fund infrastructure; Cost too high for
upgrades; Governments should invest in infrastructure

Collaboration

Lack of end-of-
life processing
infrastructure

Contamination

in processing
facilities

Consumers confused by different messages; c
d o onsumer
Consumers do not care; Consumer education is :
" . behaviour
needed; Improper sorting leads to contamination
Waste pickers unable to earn income; Compostable Quality of
plastics incorrectly sorted into conventional recycling recyclables
Hard tq identify c_ompostable plastics; Change design to Producer
be easier for sorting ;
practices

to small suppliers; Companies have large influence
over policies; No consequences for greenwashing

False compostability claims; Certification not accessible >

Many types of compostable plastics and standards;

Unfair advantage

Absent or
ineffective

standards may not align with field conditions; Make
standards that are consistent and account for broad

Regulatory
overhaul

regulation

range of conditions; Create enforceable regulations

the first-order concepts, second-order themes and aggregate
dimensions.

The consortium first met to identify general discussion topics that
generated polarised opinions during participants' discussions. The
consortium selected topics that were common between the countries:
communication about bio-based plastic packaging, impacts on waste
management systems and equity issues. The research team in each
country then reviewed their data to identify excerpts that were rele-
vant to each topic. Excerpts from Brazil and Poland were translated
into English by a member of the country's research team. The excerpts
were compiled into one data set and inductively coded by one of the
researchers on the Canadian team into first-order concepts.

The first-order concepts were then organised into second-order
themes. Three aggregate dimensions were derived from the second-
order themes and represent broader narratives which frame the problem
of why bio-based plastic packaging is not being properly managed at
end-of-life and solutions to overcome it: (1) lack of end-of-life proces-
sing infrastructure, (2) contamination in processing facilities and
(3) absent or ineffective regulation. The coding was reviewed by at least
one other researcher from each country for accuracy and revised as
needed. Each country team contributed additional examples of first-
order concepts that were relevant to the second-order themes from
their findings. A grounded model was then generated from the aggre-

gate dimensions and how they relate to the linear and circular economy.

3.7 | Limitations

While this study engaged diverse stakeholders that represented a vari-

ety of professions, sectors and regions, it may not be representative of

all the viewpoints from different stakeholder groups in the bioplastics
sector. To achieve deeper and more meaningful conversations and inter-
actions, a key strength of this research project, the number of partici-
pants had to be limited. This limitation was mediated through additional
literature review to gain other perspectives and facilitating activities that
encouraged participants to think about problems and solutions in multi-
ple ways. Since most of this research was conducted during the COVID-
19 pandemic, most interviews and workshops took place online. This
was a barrier to participation for some stakeholder groups, particularly
waste pickers (also known as binners). In Brazil, where waste pickers are
a key stakeholder group, support was provided for virtual participation

and a hybrid event was held to improve accessibility.

4 | FINDINGS
This section is organised by the aggregate dimensions and their asso-

ciated second-order themes.

4.1 | Lack of end-of-life processing infrastructure

4.1.1 | Infrastructure capacity

There was consensus from all four countries that end-of-life proces-
sing infrastructure for compostable plastic packaging is lacking. In
places with little to no processing infrastructure such as Brazil, rural
regions of Canada and some parts of Poland, compostable plastic
packaging must be disposed of as garbage, as explained by this inter-

view participant:

95U8917 SUOIWOD SAITe81D 3|qeal|dde auy Ag peussnob afe sopie VO ‘8sn Jo S3|nJ oy Aleld18U1IUO A1 UO (SUONIPUOD-PUE-SWLIS) 0D AB [ AR ]BU1|UO//SANY) SUONIPUOD pue SWiS 1 8U) 39S *[7202/0T/ST] U0 AReid18uluo AS|IM 159 L Ad £66€950/200T 0T/I0P/W0 A3 1M Alelq 1 jBul |uoy/:Sdiy WOl pepeojumod ‘0 ‘9£80660T



LI T AL

Business Strateqy ~ pe.

“It is necessary to send [compostable plastics] to com-
posting plants, which are practically non-existent in
Brazil. This material does not have a destination, it is not
recycled like plastic, it is not recycled like other materials,
it can only be recycled as a part of the industry itself.” -
Interview 1 (Production), Brazil

In urban regions of Canada, the UK and most of Poland, proces-
sing facilities for organic waste are already established for green
waste like garden waste and food waste. However, most facilities do
not accept, or only accept limited amounts of compostable plastic
packaging. There are a range of compostable plastic packaging prod-
ucts with different properties and certification standards. For exam-
ple, compostable plastics may degrade well in industrial composting
facilities (e.g., windrows, in-vessel), but anaerobic digesters are not
well suited to compostable plastic packaging, as explained by this lab

participant:

“You cannot just put a load of plastics into a digester and
an autoclave to make it digest. It does not work ... it
nearly broke the machine ... [with] the sticky residue
nature of these plastics, they basically got stuck to one
side of the machine.” -

Lab 2, Participant 52 (Waste Management), U K

As the typical operating conditions or the technology used by the
processing facility may not be suitable for handling compostable plas-
tics, even if they are certified, upgrades are necessary so the materials

can properly degrade and not cause operational challenges.

4.1.2 | Funding and collaboration

High capital investments are needed for both the development of
new facilities and retrofitting of existing facilities. In the UK, during
the second and third Lab, the need for capital investment for infra-
structure was identified, but divergent opinions emerged about who
should pay for such investments. If government funds are to be used
to facilitate the sector's development, there was a debate on which
activities should be the focus, and which stakeholder funds should be
aimed towards. Similarly, in Poland during Lab 1, participants identi-
fied a lack of sufficient investments for composting infrastructure due
to low public interest in using composting infrastructure, limited
investment by local governments in the circular economy and lack of
interest of public administration bodies for the contribution of bio-
waste to the economy (Razniewska, 2022).

For existing facilities, processing technology can be adapted to be
more suitable for processing compostable plastic packaging
(Kakadellis et al., 2021), but are subject to a lock-in effect (Grin
et al., 2010), as identified during a system mapping exercise in Canada
(Lab 1). Due to the large amount of physical infrastructure involved,
the payback periods for capital investments can last decades. Facility

owners (e.g., governments, businesses) therefore are committed to
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the use of a certain technology until the end of the payback period.
Processing facilities built before compostable plastic packaging
became more popular are therefore locked-in to their current technol-
ogy unless major capital investment can be obtained.

To overcome the funding problem for upgrading or building new
facilities, one private sector funding mechanism discussed in Lab 2 in
Canada was Extended Producer Responsibility (EPR) for compostable
plastic packaging (Springle et al., 2022). Under this mechanism, pack-
aging producers fund end-of-life management infrastructure. Support-
ing reverse logistics for bio-based plastic packaging in a similar
manner to EPR was also discussed in Labs 1 and 2 in Brazil, although
the focus was on regulation (see 4.3). The challenge in Canada is that
EPR is established on a provincial or territorial basis, not across the
entire country. Like the UK (Kakadellis et al., 2021), compostable plas-
tic packaging is still a very small fraction of the waste stream. Even
though compostable plastics are technically included in EPR for resi-
dential packaging in British Columbia and Ontario, the stewardship
agencies in both provinces are not targeting the collection of these
materials because their quantities are so low (Government of
Ontario, 2023; Recycle BC, 2019). Therefore, funding from an EPR
program in a single province or territory (or a few) might not be ade-
quate to make any improvements for end-of-life management. While
the responsibility for funding end-of-life infrastructure remains an
ongoing debate, it is likely that contributions need to be made from
both businesses and government.

4.2 | Contamination in processing facilities

421 | Consumer behaviour
The introduction of compostable plastic packaging into biowaste has
led to contamination in processing facilities. Even if facilities are built
or upgraded to be able to handle compostable plastics, the contamina-
tion problem will persist without some type of intervention. Compost-
able plastic packaging looks and feels like non-compostable plastic
packaging, so they cannot be differentiated from each other
(Findrik & Meixner, 2023). Non-compostable plastic packaging is then
mistakenly sorted as organic waste by consumers (Law &
Narayan, 2021). Processing facilities carry the financial burden of pay-
ing to dispose of items that are unacceptable in their systems
(Kakadellis et al., 2021). The resultant consequence of inaccurate sort-
ing is high rates of rejections by processing facilities because they are
too contaminated (Meeks et al., 2015).

Different labelling schemes currently exist such as the Moébius Loop
for recycling or the Seedling Logo for composting (Tkaczyk et al., 2014).
While these labels are widely used on plastic packaging (where applica-
ble), they do not appear to be effective in guiding consumers to sort
plastic packaging into the correct waste stream for processing due to
confusion and unfamiliarity (Buelow et al., 2010). Even though the
Mobius Loop is widely recognised for recycling, there are multiple sym-
bols used to depict that plastic is compostable so it may not be well-

known to consumers, as this interview participant observed:
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“It turns out that this (the Seedling Logo) is an under-
recognised symbol, especially when you enter an eco shop
where everything is BIO and this symbol ‘disappears’ in a
certain way.” -

Interview 14 (sector), Poland

Sorting confusion was evident in the results from the Can You
Sort It? game (see 3.5) played during Lab 3 in Canada (Springle
et al., 2022). Even though participants were mostly experts and pro-
fessionals who were knowledgeable in this field, only 65% of the
plastic packaging items were correctly sorted. This level of sorting
accuracy is like other studies that observed waste sorting behav-
jours more broadly (Luo et al., 2019; Wu et al., 2018). Consumer
confusion over how to sort bio-based plastic packaging was also
highlighted at Lab 3 in the UK in a video shared by an industry

association.

422 | Quality of recyclables

The lack of differentiation between compostable and non-
compostable plastics does not just affect processing facilities for bio-
waste, it also affects conventional recycling. This interview participant
describes how plastic recycling facilities are also facing a contamina-
tion problem:

“Consumers mistakenly throw bioplastic [referring to
compostable plastic] into conventional plastic waste, then
in the sorting plant, workers are unable to recognize the
bioplastic and it becomes a contaminant in the stream of
conventional plastic waste.” -

Interview 3 (Producer), Poland

In Brazil, where it is more common for waste pickers to collect
plastic packaging and sort it into different categories to sell to recy-
cling facilities, the contamination of conventional plastic packaging
waste with compostable plastic packaging waste impacts the quality
of recyclables and, consequently, their market price (Correa
et al., 2022). This can be a threat to their livelihoods:

“With these new biodegradable plastic technologies, we
(waste pickers) will not be able to add income, as buyers
and large industries do not absorb this material, there is
no return to the cycle.” -

Interview 15 (Waste Management), Brazil

Instead of relying solely on labels for sorting plastic packaging,
the design of plastic packaging can be changed so that it is easier
to sort. When discussing ways that the impact on waste pickers
can be reduced during Lab 1 in Brazil, industry representatives
proposed simpler packaging that can be recycled and/or

composted.

4.2.3 | Producer practices

Rather than taking a downstream approach that focuses mostly on
costly waste management infrastructure, an upstream approach that
controls the materials going into processing facilities could enable the
loop to be closed for compostable plastics with lower capital invest-
ment and increase the willingness of waste processors to accept these
materials. To do this, there needs to be an easy way to identify if plas-
tic packaging is compostable or not to prevent contamination at pro-

cessing facilities, as described by this interview participant:

“| think there needs to be clear identification because a
lot of the greenwashing that's going on, there's different
companies like [name of brand] has a bag that's green ...
light green, almost looks compostable, so people think
that that bag is compostable, they use it to throw their
organic waste ... you know I've had loads where there's
hundreds of those green bags...” -

Interview 14 (Waste Management), Canada

Across all four countries, a common solution proposed by partici-
pants is for producers of plastic packaging to use standardised label-
ling so bio-based compostable, bio-based non-compostable and
conventional plastic packaging can be differentiated throughout the
product life cycle. This can overcome current challenges in signalling
which products are compostable, and thus improve adoption of com-
postable packaging and proper disposal (Baskoro et al., 2023).

A second approach is to change the design of the packaging itself.
Collaboration in developing bio-based plastic packaging (co-innova-
tion) mostly occurs between suppliers and consumers (Liliani et al.,
2020), so the waste management sector and its associated concerns
are underrepresented in the design process. Current developments in
packaging design favour the use of multilayer films and material
blends due to their lighter weight and better performance (Schmidt
et al., 2022). Designers may not be aware of the end-of-life implica-
tions of their packaging products, such as the specific conditions
needed for biodegradation (Liu et al., 2023). Deliberate efforts would
therefore be needed to shift design paradigms that embrace circularity
so end-of-life management becomes a part of standard specifications.
Avoiding the use of multilayer or biopolymer mixtures for plastic pack-
aging and sticking to a few single resin plastics that are guaranteed to
be accepted by recycling or biowaste processing facilities will make
sorting easier. However, a regulatory intervention would likely be nec-

essary to restrict which plastics are permitted for packaging (see 4.3).

4.3 | Regulation is absent or ineffective

43.1 | Unfair advantage

There are multiple case studies of companies selling plastic packaging

or products with compostable and biodegradable labels without
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meeting certification standards (Goel et al., 2021). The lack of nega-
tive consequences for greenwashing has been a source of frustration
for stakeholders who are trying to do the right thing, as explained by

this interview participant:

“It's just a wholly broken system. At the moment there's
no one enforcing any standards or specifications that
would help in establishing a more robust, effective system
and few people are actually investing in it. Investing in
systems that would enable their disposal, such as this, the
vast majority of plastics that are currently compostable
even if, or called compostable, actually go to landfill
where they will sit and just, well they'll just sit, and they
will not decompose.” -

Interview 8 (Consumption), Canada

Greenwashing was also identified as one of the key barriers to
developing the compostable packaging industry in Poland (Kedzia &
Turek, 2022). This interview participant commented on the inability to

regulate the industry:

“However, we do not have the tools to legally react to
such practices (producer fraudulently using biodegradabil-
ity and compostability labels). All that remains is to report
to the relevant authority.” -

Interview 22 (Government), Poland

A common theme across the four countries was a strong
desire amongst participants for regulation to prevent counterfeiting,
fraud and greenwashing. While regulations were generally viewed
in a positive light, one concern was on who makes the decisions.
For example, in the UK, the government promotes the use of vol-
untary approaches, driving the industry to decide on regulatory
standards and essentially self-regulate. This lab participant com-
mented on how self-regulation can be problematic if the decision-
making power becomes amalgamated into one body without
oversight:

“| think that's an issue with self-regulation, is that you
kind of put all of your decision making on one body
that is like not technically privately run, | guess, but
they do get a lot of their funding from the manufac-
turers and stuff. So, there's still a bit of an issue with
oversight.” -

Participant 48 (Academic), Lab 3, U K

Another concern about regulation is fairness. The differential
impacts of regulation need to be considered such that they do not
unfairly burden small businesses or start-ups that do not have as many
resources. If regulation requires products to meet specific certification
standards, then the certification process should be accessible to a

broad range of companies. Otherwise, compliance could be cost-
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prohibitive for small businesses and start-ups, as this interview partici-

pant described:

“As a small supplier, we have not yet undertaken the cer-
tification process for our packaging. The costs of the
certification procedure are high, amounting to approx.
EUR 20-30 thousand, and the procedure takes several
months. Certification would limit us to cooperation with
one supplier of granulate, because we would certify our
packaging from this granulate.” -

Interview 1 (Production), Poland

Similarly, certification may be more difficult to obtain for compa-
nies from the Global South because current certification bodies are
concentrated in the Global North, which may impact the financial cost
and the competitiveness of Global South companies, like this inter-

view participant described:

“It's inconceivable, we have all this movement, and in
Brazil we do not have a certifier for our products, we do
not have the biodegradability certification. If | want the
certification, | have to file my application in the US or the
European Union, as we do not have anything like that in
Brazil, we simply have a rule that was copied, so | think it
needs a set of private incentive agencies.” -

Interview 14 (Production), Brazil

4.3.2 | Regulatory overhaul

Only Brazil has a regulation that restricts the labelling of compostable
plastics to those that are certified (Sarantopoulos & Rego, 2020). A
regulation on plastic labelling is being developed in Canada and is
anticipated to only allow plastics to be labelled as compostable if they
meet certification standards (Environment and Climate Change
Canada, 2023b). While having a regulation in place is a good first step,
the lack of enforcement was brought up as a problem in Brazil during
Lab 1. For example, the National Policy on Solid Waste (NPSW) was
created in 2010 to support reverse logistics and shared extended pro-
ducer responsibility in the management of solid waste (Lima et al.,
2021). However, the lack of specific responsibilities for each stake-
holder in the NPSW poses challenges in effectively enforcing the rein-
sertion of materials into the post-consumer market (Matias
et al., 2022). This absence of clarity hinders efficient implementation
efforts. As this lab participant describes, new laws must be enforce-

able to be effective:

“See the example of the PNRS [Politica Nacional de Resi-
duos Sélidos - Brazilian Solid Waste Legislation], which is
a consistent law, (...) Even so, there is a lack of supervision
by the public authorities. | am very much in favour of

implementing new regulations. But for that we need very
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well-prepared legislation, and that there be proper inspec-
tion of industries.” -
Participant (Waste Management), Lab 1, Brazil

Regulations are introduced under the assumption that certifica-
tion standards are realistic for field conditions and for a wide variety
of products. If that is not the case, as elaborated by this interview par-
ticipant, then certified products may not fully break down in biowaste

processing facilities:

“It needs to be the standard so everywhere in the world
every person can actually refer to what condition we are
talking about, what timeline we are talking about. So,
that's what we do and then we go another step which is
testing the final product itself because the material can
basically pass that ASTM D6400 and get BPI certification
and so on, but it might not actually happen - the compost-
ability of it - in an actual composting facility. And why is
that? [The] thickness of the product matters, the shape
factor matters, how big, how small the product is. What is
the shape of the product? And so on, and so on.” -

Interview 6 (Production), Canada

Standards therefore need to account for a broad range of condi-
tions. One way to do this is through field testing. Current methods
used for compostable plastic packaging certification do not include
field testing, nor is there a standard protocol for carrying out field
tests, although there are protocols being developed (Compost
Research and Education Foundation, n.d.). However, there is strong
potential for field testing to improve the reliability of certification and
close the gap between rigid international standards and local compost

5 | DISCUSSION: CIRCULAR ECONOMY
CHALLENGES FOR THE BIO-BASED PLASTIC
PACKAGING SECTOR

Insights across the four-country study indicate that the majority of
bio-based plastics are being disposed of within a linear system, with
this paper able to provide further depth to studies that have shown
how bioplastic waste management infrastructure has not been
designed appropriately due to the lack of processing facilities or prob-
lems with how bio-based materials are processed within waste man-
agement facilities (Kakadellis et al., 2021; Lambert & Wagner, 2017;
Meeks et al., 2015). Figure 3 illustrates the arrangements of the differ-
ent stages of the bio-based plastic packaging sector and their position
as an attempted circularity loop within a waste management system
that is still dominantly linear. The aggregate dimensions connected to
these various stages indicate how current actions can be considered
linear or circular. This shows the woven and reinforcing nature of the
competing narratives that manifest as tensions in sustainability transi-
tions, whereby the aggregated dimensions identified are evidence of
how the dominant economic paradigm acts to impede progress
towards circularity (Van Der Byl & Slawinski, 2015).

Whilst the steps exist to facilitate a circular system through the
processing of bio-based plastic packaging as a biodegradable or com-
postable material, several different tensions are inhibiting their suc-
cessful implementation. The findings demonstrate the circular
working vision of some actors with regard to infrastructural bio-waste
processing and the recycling of bio-based plastic packaging materials
(shown in Figure 3 through the dashed circled lines present in all parts
of the system except disposal). However, high investment costs and
long payback periods are a disincentive to invest in new technology,
particularly given that this may lock-in recyclers to technologies that

conditions. may only be appropriate to specific materials (such as compostable
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materials) that hold a low market share (Taufik et al., 2020). The tech-
nicalities related to the challenges of deciphering between compost-
able and non-compostable materials are an active barrier for such a
circular system, meaning that linear arrangements are the inevitable
outcome of a system that has been unable to close the loop.

Other studies have observed how the collaborative design of
products with sustainable inputs can lead to combined circular econ-
omy solutions between stakeholders (Daddi et al., 2019). However,
our study showcased how such activity is disrupted through the unfair
advantage of producers manufacturing products that do not meet bio-
degradable regulations. The limited possibilities for cascading use of
bio-based products give this supply chain unique limitations, demon-
strating the considerable negative implications across the supply chain
of such producers in how bio-based materials that are not fully com-
patible with waste management infrastructure confines packaging to
linear pathways. The impact of business acting in an unfair or unethi-
cal nature and the resulting tensions in the circular economy is a topic
that has seen little engagement in literature (Jian et al., 2021).

Figure 3 also highlights how contamination has a widespread
effect on stakeholders and processes within systems of bio-based
material reuse, a new contribution to factors influencing circular econ-
omy adoption. Contamination is somewhat of an outcome of a lack of
standardisation of the production of bio-based materials as well as
waste treatment and recycling mechanisms. The findings are a good
example of the consequences of improper attention to ‘fully inte-
grated design for remanufacture’ that posits the need for the durabil-
ity of design through consideration of a material's biological or
technical pathways (Hopkinson et al., 2018). Given that such a piece-
meal system for the recycling of bio-based materials now exists, busi-
ness are in a similar position as other material reuse sectors in
working towards ‘moving targets’ whereby “the volatility of commer-
cial pressures, regulatory change, and faster innovation cycles requires
capabilities to manage transitions back and forth as well as to realign
the circular model” (Hopkinson et al., 2018, p. 88).

Figure 3 displays how a regulatory overhaul is required to demon-
strate its influential connection between recycling stakeholders, infra-
structural capacity and producer practices. This paper's findings
contrast with other scholars who have touted third-party compliance
as a successful strategy for dealing with competing narratives in circu-
lar economy transitions (Daddi et al., 2019). Producers have found it
challenging to set their goals in relation to compliance with regula-
tions given the complexity of bio-based packaging materials. Even
with standards in place, the extent to which such materials are truly
biodegradable is contested due to the variation in products and field
conditions. Furthermore, there is unclear demand from the market
given retailer and consumer confusion. Similarities can be drawn with
the work of Dagiliené and Varaniute (2023, p. 581) in how “a tension
exists between the need for companies to comply with institutional
regulations and established practices and the need for companies to
embrace innovations for more sustainable business practices”. The
institutional regulations however in the case of bio-based plastic pack-
aging are challenging to both understand and act upon by actors

across the supply chain. Whilst clear regulations may exist (such as in
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the case of Brazil, Canada, and Poland), their limitation in stating what
bio-based plastic packaging can and cannot be on a material level does
little to lead, organise and bring order to how stakeholders might be
better arranged and work together to create a working circular reuse
loop. The convenience of not addressing the material complexity has
led to incremental, not transformational, changes which have failed to
facilitate circular business models (Dagiliené & Varaniuaté, 2023).
Finally, the findings of this study showed a consistent narrative
that there is great consumer confusion over how to recycle and prop-
erly dispose of bio-based and compostable packaging, as demon-
strated elsewhere (Dilkes-Hoffman et al, 2019). This study also
shows how this narrative has had little influence in bringing greater
standardisation to the material nature of how bio-based packaging is
produced as well as decipherability of the pathways through which it
can be recycled. The competing narratives demonstrated in this work
align with critiques of the circular economy that have noted how con-
sumers are confronted with “hard to solve choices and trade-offs” as
that the “temporality and spatiality in which consumption occurs”
lacks proper acknowledgement (Corvellec et al., 2022, p. 425). This is
evidence of how the transition towards greater use of bio-based pack-
aging materials, particularly in the food sector, is framed as a novel
development in the cultural norms and ethics of packaging consump-
tion (Gurunathan et al., 2015). However, the problematic nature of
the everyday material relations that consumers hold with such pack-
aging materials, and the supporting business, regulatory and waste
management arrangements, have created unrealistic expectations that
consumers can take the correct actions and play their part as impor-

tant actors in circular economies.

6 | CONCLUSION

This paper offered new perspectives on how current solutions are fall-
ing short of achieving circularity and system-oriented interventions
that could be more effective in closing the loop for bio-based plastic
packaging. Whilst bio-based plastic packaging is commonly perceived
as a more sustainable alternative to conventional plastic packaging, it
is currently not managed in a fully closed-loop system. Of particular
concern is the widespread use of compostable plastic food packaging
without proper collection and processing systems, which results in
these items being disposed of as waste.

Drawing from outputs of a social innovation lab process that
engaged diverse stakeholders in Brazil, Canada, Poland and the UK, an
analysis of competing narratives on challenges and solutions to close
the product cycle of compostable plastic food packaging was con-
ducted. A grounded model was created to illustrate how three aggre-
gate dimensions identified in the analysis (end-of-life processing
infrastructure, contamination in processing facilities and absent or
ineffective regulation) influence the circularity of bioplastics.

In most regions, end-of-life processing infrastructure is lacking or
underdeveloped. Existing facilities need to be retrofitted to accommo-
date compostable plastic packaging, which requires high capital

investments. EPR can be a mechanism to develop this infrastructure,
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but it needs to be set-up at a large enough scale and to hold packaging
producers accountable.

It is very difficult to visually distinguish compostable plastic pack-
aging from other types of plastics, which has led to contamination in
both recycling and biowaste processing facilities. Clearly defined,
standardised labels were identified as a solution, but have limitations
in being easily recognised. A more systemic solution would be to sim-
plify packaging materials and use eco-design principles, so end-of-life
management is part of the design.

Compostable plastic packaging is not currently regulated or effec-
tively enforced (where regulations exist) in the countries where this
research was conducted. The lack of regulation has created an unfair
market environment for packaging. Challenges are evident with regard
to the cost, accessibility, and reliability of current certification pro-
cesses. Regulation and certification are important to ensure compost-
able plastic packaging can be properly managed in a closed-loop
system, but need to be developed and implemented with equity,
enforceability and practical implications in mind.

Four specific knowledge contributions are offered to under-
stand the competing tensions limiting the transition towards circular
economies. Firstly, the study's context on bio-based plastic packag-
ing unearthed specific challenges that stakeholders are facing given
the limited cascading use of this material. Secondly, the paper gives
insight into the implications of unfair advantages that result from
producers manufacturing materials that fail to meet regulations.
Thirdly, the paper provides insight into the competing narratives
regarding contamination within circular systems and how this limits
circular material reuse. Finally, the study gives insight into the
impact of consumer confusion over recycling sorting of bio-based
plastic packaging in terms of its wider impact on the supply chain,
as a critical factor that is limiting the transition towards more circu-
lar business models. Overall, by considering the case of bio-based
plastic packaging in four countries, the study offers a cross-country
perspective on how actors are navigating several complexities in
implementing a solution. This paper offers a unique look at the bar-
riers to achieving circularity where there is differentiation and con-
fusion over the material make up and waste processing pathway of
the material itself.
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APPENDIX A.

TABLE A1. Brazil lab 1.

Time Activity

10 min  Opening

20 min Initial presentation

45 min  Division into subgroups (3 groups
divided with different
stakeholders mediated by a team
member)

30 min  Report Back (10 min each
member team)

15 min  Final considerations

LI ET AL

2% 3

Description

Reception of participants on the Zoom platform and
waiting time for the start.

Team presentation on the project objectives and
findings through interviews with key informants and
convening questions. The main points in common vs
polarities were explained through analysis of
categories: Cost; replacing conventional plastics with
bioplastics; solution or problem?; alternatives; public
policies involved; environmental and social impact.

Discuss in each group the dilemma questions:

1. How can we advance in the discussion of
legislation and creation of norms, while there is a lack
of understanding for society, in general, about the
terms and types of bioplastics?

2. How can we correctly dispose of waste and
expand recycling, while there is a need to create
conditions for composting and there is no trade for
some types of post-consumer packaging? In addition
to avoiding the impact on waste pickers' cooperatives
3. How can we expand the production and
consumption of bio-packaging, while having a high
cost and difficulty in standardising the process?

4. How can we reduce the cost, while there is
difficulty in scaling and there are few tax incentives
for the industry?

Suggest discussions:

*what do you agree with?

*what is missing? What would you add?

*what are your covening questions?

Discussion completion using MIRO interactive
whiteboard support

Moderators explain the results of their group's
discussion by presenting the MIRO interactive
whiteboard obtained

Presentation of next steps, reinforcing the
importance of each stakeholder. Thanks to the
participants for their participation. Open for
questions/doubts and considerations about the
workshop.

Key findings

e not applicable

e not applicable

o finding-gaps and finding-ideas:

o better outline the correct definitions for
each type of bioplastic, before defining better
legislation;

o national versions (ABNT standard) are
missing for all type of bioplastics and their
classifications, as well as the biodegradability
seal;

o expose and raise awareness not only among
consumers, but also among legislators;

o better understanding and meaning of
biopolymers;

o prevent forgery, fraud and greenwashing;

o ban or surcharge single-use plastics;

o effectiveness in labelling so that society
understands the standards;

o life cycle analysis for better decision making;
o disseminated information to better
understand the added value of bioplastics
compared to conventional single-use plastics;
o add value to biopolymer waste, applying
reverse logistics by companies and startups;

o decentralise cooperatives and recyclers to
avoid greater impact on waste pickers;

o increase competitiveness with tax breaks;

o surcharge on the disposal of conventional
plastics;

o reducing taxes on imports of biopolymers.

e not applicable

o not applicable
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TABLE A2. Brazil lab 2.

Time

10 min

15 min

90 min

Activity
Opening

1st step:
Initial
presentation
2nd step
(discussion
session)

Description

Reception of participants on the Zoom platform and waiting
time for the start

Detailed presentation of the issues raised in lab 1

a) in terms of legislation and for bioplastics to become
competitive in the market, some participants suggested
surcharges on the production of conventional plastics. Faced
with this issue, the key question is: How could this solution
be put into practice? What are the barriers, what resources
are needed and who needs to be involved?

a-1) participants will use Mentimeter to respond in a few
words: In addition to surcharges, what other measure/
proposal could be applied in terms of legislation? (leave
open)

b) for the legislation to be effective, the stakeholders
proposed that society understand the existing rules and how
the phenomenon of biodegradation happens, justifying that
consumers will be able to choose more consciously for their
products/packaging. Faced with this issue, the key questions
are: How can we develop effective environmental education
projects for large masses? What are the barriers, the
resources needed and who needs to be involved in these
projects?

b-1) Mentimeter: What other ways to raise awareness in
society and reach large masses to disseminate information in
this context?

c) in terms of management and correct disposal of waste and
the impact that it may have on cooperatives and waste
pickers in the future, one of the solutions discussed in lab 1
was the application of reverse logistics by bioplastic
companies and industries. Reverse logistics are already
seldomly used for conventional materials and plastics. Faced
with this issue, the key question is: Thinking about the future
scenario and taking into account that there will be an
increase in the consumption of biodegradable bioplastics,
how can waste pickers and cooperatives be included in the
management process and reverse logistics for these
materials? What types of packaging are important to replace
and how to include waste pickers in the collection of
biodegradables? Which actors do we need to involve so that
an effective solution to this dilemma is outlined? (thinking
about a future scenario, with the expansion of bioplastic
production and possible replacement for some packaging,
how to guarantee waste pickers and cooperatives...)

c-1) Mentimeter: In addition to reverse logistics, what other
solution would be relevant to avoid the impact on
cooperatives and the income of waste pickers?

d) in terms of cost, stakeholders pointed out that a
prohibitive factor in the market is the issue of scaling and
standardising processes. Faced with this issue, the key
question is: What is missing for Brazil to reach a
biodegradable and compostable scale? What are the barriers,
the resources needed and who needs to be involved to solve
this dilemma?

d-1) Mentimeter: What are the main obstacles to expanding
the market for compostables in Brazil? Thinking beyond the
cost...

Business Strat E
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Key findings

e not applicable

e not applicable

a) Taxes on single-use plastics:
e Main impacted:
o Commodity market;
o Population of classes B and C (economically lowest).
o Key partners:
o Associations;
o Industries responsible for single-use;
o Consumers;
o Government.
o Key barriers:
o Lack of adhesion from those involved;
o Consumers still do not understand the alternatives;
o Improve the cost and accessibility of new
technologies.
b) Raising awareness in society:
o Effective actions:
o Disseminate information - all actors involved;
o Insert courses on the environment in basic education;
o Provide icons on packaging for proper disposal;
o Discussion forums without excluding the most
marginalised;
o Projects in schools and condominiums.
o Key partners and key resources:
o Environmental associations;
o Social media;
o Marketing by startups;
o Universities;
o Research centres;
o Large industries/major players;
o Government;
o Waste picker cooperatives.
e Key barriers:
o Management and government;
o Municipal and state laws;
o Change of government and social disruption;
o Lack of knowledge, training and qualifications of
educators on the subject.
c) Impact on waste picker cooperatives (marginalised
professionals):
o Key gaps:
o Partnerships between municipal management and
selective collection by waste pickers;
o Inclusion of waste pickers in debates about market
transition in new packaging technologies.
o Key training:
o Short courses with illustrative booklets;
o Easy-to-understand banners to identify different
types of materials;
o Integration and dynamic actions involving associations
and other actors involved in the chain.
o Key barriers:
o Need for recognition of the work of cooperatives and
waste pickers;
o Lack of support for collection-transport-separation
processes;

(Continues)
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(Continued)
Time Activity
30 min  3rd step

(reflections)

LPL|

LI ET AL

Description

Bring a final reflection to everyone, and ask participants to
consider the next 10 years, and ask them how they see
these solutions and the scenario in Brazil until 2030? What
other solutions would be important to be taken? What
resources could we use in the social innovation lab to gain
traction? Who can we involve to ensure greater success?

Key findings

]

Non-payment for each process and service provided
by waste pickers.

d) Market growth:
Gaps in scheduling

]

Increased volume does not guarantee affordable
prices;

Process bottlenecks: Inputs, equipment, qualified
labour, etc.;

Competing with commodities is unfair in the current
scenario;

Planning: Production, distribution, consumption and
disposal;

Avoid incorrect flow that continues to harm the
environment.

Key partners:

o

o]

o]

[e]

]

Government, universities and industries with effective
communication;

Innovation incentive agencies;

Government regulatory agencies;

Research centres;

Support entrepreneurs.

Key barriers:

o

Investment in new technologies by the private sector
and the government;

Investment in new equipment and machinery;
Distance between universities and companies;

Tax breaks;

Encouraging entrepreneurship;

Consumer interest;

Practice of greenwashing.

Key beliefs:

]

Biopolymers are part of the solution, especially with
regard to marine pollution and the impact on fauna;
Mainly biopolymers produced from waste will
positively impact a circular economy and reduce the
consumption of non-renewable sources;

Gradual increase in the production and application of
biopolymers in disposable packaging;

Each Brazilian municipality (among the 5,530 in the
country), has at least one waste pickers cooperative
been paid for the collection, separation/sorting of
waste, or any other service provided (hiring
cooperatives would reduce unemployment in the
country);

Governments that are more competent and
committed to the environment, social issues and with
more responsibilities than current administrations
have;

More incentives for research and development of new
materials, with increased investments in the packaging
sector based on biopolymers;

Return of paper packaging, returnable bags and
improvements in the world's environmental issues;
Brazil is no longer sending waste to landfills and by
2030 there will be a significant increase in recycling
and composting.

Key solutions:

o

Greater involvement of public managers for more
committed legislation for biodegradable and
compostable materials;
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o Shared responsibility together with public authorities
and citizens;

o Mandatory separation of wet and dry waste, and how
managers should demand this practice from citizens,
through more effective laws and public policies.

¢ Not applicable

LI T AL
(Continued)
Time Activity Description Key findings
5 min Closing Next steps of research (lab 3). Thank stakeholders for their
session participation.

TABLE AS3. Brazil lab 3.

Time Activity

15 min  Opening

45 min  Legislation
presentations and
discussion

90 min  Markets presentations

and discussion

Description

Reception of participants at the event and on
Zoom platform and waiting time for the start

Presentation 1: Bioplastics and the reverse
logistics of packaging in general

Presentation 2: Integrated Management of
Municipal Waste in a post-pandemic scenario:
Case of Santo André

Discussion with in-person and online attendees
with remaining time following presentations

Presentation 1: Innovation and sustainability in
practice: Learn about cassava bio-packaging
Presentation 2: Bio-polyamide from a renewable
source for engineering plastics and Fibres
Presentation 3: BioSmart: A startup based on
biopolymers

Presentation 4: Brazil: A global platform for
bioplastics

Presentation 5: I'm green bio-based - bioplastic
from a renewable source

Discussion with in-person and online attendees
with remaining time following presentations

Key findings
o Not applicable

e Prioritise: Non-generation of waste, reduction, reuse,
recycling, treatment, final disposal (with energy reuse);

o Offer post-consumer waste return channels for the
industry;

e Encourage companies, mainly transnational ones, to adopt
sustainable practices;

e Sectoral agreement by Brazilian associations: Reduce
packaging in general, with a reduction of at least 22% of
packaging disposed of in landfills;

o Certification and seals for different types of bioplastics to
generate the correct destination (recycling x composting)
and avoid microplastics; barrier: There are not enough
composting plants active in Brazil

e Avoid waste contamination: The use of biodegradable
materials in the manufacture of packaging cannot damage
the recycling of conventional packaging;

e Mandatory reverse logistics: The use of biodegradable
materials in the manufacture of packaging must be
accompanied by reverse logistics actions that guarantee
the composting of this waste to meet the goals defined in
the legislation (collection of post-consumer packaging
placed on the market) with adequate disposal and landfill
diversion.

e Support between companies towards a low-carbon
economy, but what about disposal (final destination)?

o Strategic partners in biotechnology (from packaging
design);

o Launching sustainable (compostable) packaging is not
enough. There is a need for a paradigm shift in society,
adaptation of consumer behaviour, customers, the
supply chain, the use of renewable materials, public/
private support and incentives in companies seeking
change.

o Transition the design of packaging with a very short life
cycle in terms of usage time (a few minutes), very long
decomposition time (hundreds of years);

e Brazilian prototypes experiencing the circular economy:

o Raw material planted by small producers and family
farming, practice of polyculture, does not generate
waste (generates input, fertiliser), water reduction in
production, CO2 capture, national technology -
biodegradable and compostable packaging in up to
90 days and can be composted in domestic compost

(Continues)

95U8917 SUOIWOD SAITe81D 3|qeal|dde auy Ag peussnob afe sopie VO ‘8sn Jo S3|nJ oy Aleld18U1IUO A1 UO (SUONIPUOD-PUE-SWLIS) 0D AB [ AR ]BU1|UO//SANY) SUONIPUOD pue SWiS 1 8U) 39S *[7202/0T/ST] U0 AReid18uluo AS|IM 159 L Ad £66€950/200T 0T/I0P/W0 A3 1M Alelq 1 jBul |uoy/:Sdiy WOl pepeojumod ‘0 ‘9£80660T



22 | Wl LEY— Business Strategy %& g LIET AL

and the Environment H

(Continued)

Time Activity Description Key findings

bins - still practices reverse logistics by converting
packaging into inputs (nature's cycle, zero waste);

o Biodegradable packaging made from bacterial cellulose,
and edible packaging made from onion, papaya, among
other fruits.

e Barriers not yet resolved:

o Scaling;

o Cost;

o Preservation of cultivable areas and preservation of
food security in Brazil;

o Greenwashing refers to regulations that still mislead
consumers about the biodegradability of some types of
bioplastics.

20 min  Break e Not applicable

45 min  Waste management Presentation 1: Waste picker cooperative o Waste pickers, whether or not organised in cooperatives,
presentations and Presentation 2: Waste picker cooperatives for represent a fundamental element in maintaining the
discussion recyclable materials and the challenge with the recycling production chain in Brazil;

packaging of new materials e Act as environmental agents, as they reduce the amount of
Discussion with in-person and online attendees solid waste to be disposed of in locations that are not
with remaining time following presentations always suitable;
e Cooperatives provide the inclusion of historically excluded
people;
e Propositions:
o Recognition by public authorities and society of the
importance of the work of waste pickers;
o Organisation of these workers on 3 fronts:
e Inclusion in the social movement of the category;
e Organisation in collective enterprises;
e Organisation of cooperatives and associations into
solidarity networks;
o Contracting by municipal public authorities for services
provided;
o Implementation of reverse logistics,
o Shared responsibility and sectoral agreements (provided
for in legislation),
o Inclusion of waste pickers in strategic plans for
collecting biodegradable and compostable plastic waste,
o Addition of regulations for the use of bioplastics and
easy identification seals to avoid social impact on the
category and diversion of materials that can and should
be returned to the cycle.

75 min  Research and Presentation 1: Use of food processing by- e Valorization of food by-products generates economy,
development products as sources of bioplastics lower environmental impact and is in line with the
presentations and Presentation 2: Environmentally friendly approach related to resource management from the
discussion polymers perspective of sustainability (resources are

Presentation 3: Use of bioplastics in the interconnected);
preparation of edible films e Food waste/by-products can be used as resources to
Presentation 4: Upcycling in the context of produce compostable packaging (zero waste);
bioplastics e Upcycling: Reusing and adding value to agro-industrial
waste/by-products without competing with food. Food
takes priority over materials (packaging);
e Compostable and primary biopackaging prototypes:
o Mango seed films;
o Cashew by-product films;
o Whole waste films (orange pomace, sugar cane
pomace);
o Edible films of cocoa pulp and cupuacu;
o Edible gelatin films;
e Barriers:
o Lower reproducibility due to biological, seasonal and
spatial variability;
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o Technological challenges (component solubilization,
component aggregation, etc.) to achieve materials with
properties similar to the original natural structures;

o Achieving packaging that is as good and returnable to
the earth cycle as natural shells;

o Assessment of the life cycle (environmental + economic
+ social) to make the correct decision on the use of
compostable packaging compared to others;

o Focus on prompt disposal and pay attention to
greenwashing, always based on circularity with zero or
minimum waste possible (extraction, consumption and
return to nature in a fair way).

Not applicable

Key findings

e Not applicable

e Not applicable

e Not applicable

o Different ways that participants first became aware of
plastic waste problems, e.g., at work, at school, living
abroad, through news

o Initial involvement in bioplastics life cycle at different
stages, such as looking for alternatives to single-use
plastics (product use), others seeing more products at
waste management facilities (product end-of-life)

o Key themes:

o End-of-life management
o Confusion
o Regulation
Single-use items
o Type of feedstock

o Not applicable

¢ Not applicable

o Not applicable
e Not applicable
e Not applicable
e Not applicable

o Key challenges/barriers:
o Bioplastic product labelling inconsistent/not

LI T AL
(Continued)
Time Activity Description Key findings
15 min  Closing Closing remarks from the research team
TABLE A4. Canada lab 1.
Time Activity Description
Part A
10 min  Opening Participants sign into Zoom. Introduction to study and land
acknowledgement.
15 min  Introductions  Participants split into 3 groups and introduce themselves by
icebreaker name and organisation, and two words to describe bioplastic
packaging without using “taboo” words.
10 min  Presentation Introduction to findings from the key informant interviews
and convening question.
35 min  Group Participants split into 2 groups. Each participant makes notes
timelines on Miro about what they see as milestones on personal and
societal timelines related to bioplastic packaging then post
them on the timelines.
10 min  Report Back Facilitators share timelines of their breakout groups with the
whole group.
5 min Wrap up Thank participants for attending. Review next steps in the
research process. Introduce “homework”. Share survey link.
Part B
10 min  Opening Participants sign into zoom. Introduction to study and land
acknowledgement.
15 min  Show-and- Participants split into 3 groups and share the 2 pieces of
tell packaging that they found at home and their observations of
icebreaker how the packaging is used.
5 min Recap Summary presentation of previous session.
5 min System Introduction to system mapping exercise.
mapping
45 min  System Participants split into 3 groups. Using Miro, each group maps
mapping out the stakeholders involved and challenges/barriers that
breakouts they face related to the assigned bioplastic package type.

regulated

(Continues)

95U8917 SUOIWOD SAITe81D 3|qeal|dde auy Ag peussnob afe sopie VO ‘8sn Jo S3|nJ oy Aleld18U1IUO A1 UO (SUONIPUOD-PUE-SWLIS) 0D AB [ AR ]BU1|UO//SANY) SUONIPUOD pue SWiS 1 8U) 39S *[7202/0T/ST] U0 AReid18uluo AS|IM 159 L Ad £66€950/200T 0T/I0P/W0 A3 1M Alelq 1 jBul |uoy/:Sdiy WOl pepeojumod ‘0 ‘9£80660T



24 | Wl LEY— Business Strategy @ § LIET AL

and the Environment H

(Continued)
Time Activity Description Key findings
5 min Move groups  Short break and switch facilitators/notetakers to a different o Lack of bioplastic research
breakout group. o Sourcing sustainable materials
o Volatile industry and risk of lock-in to production
20 min  Breakouts Facilitator shares systems map with the new group. New technology
sharing group comments on the systems map. o Consumers misinformed, do not have proper disposal
10 min  Report Back Reporters from each breakout group share the key insights channels
from their discussions. o Composting facilities lacking/unwilling to take
bioplastics
o Bioplastics cannot be recycled
o Key opportunities:
o Guidelines, regulations, enforcement on labelling
o Research that takes whole systems approach and
long-term effects on soil and water
o Connecting feedstock producers to bioplastic
producers, find ways to use residues
o Extended producer responsibility to encourage more
sustainable design and ensure capture at end-of-life
o Closing knowledge gap between consumers,
bioplastic industry, waste management
o Lab and field testing reflective of composting facility
conditions
5 min Wrap up Thank participants for attending. Review next steps in the o Not applicable
research process. Share survey link.
Part C
10 min  Opening Participants sign into zoom. Introduction to study and land e Not applicable
acknowledgement.
15 min  Vision Participants split into 3 groups and draw their vision for the e Not applicable
drawing ideal system of how bioplastics packaging will function in
icebreaker society, then share the picture with the group.
5 min Recap Summary presentation of previous session. o Not applicable
5 min Leverage Introduction to the concept of leverage points and “leverage e Not applicable
areas areas” (where possible leverage points could be).
60 min  Leverage Participants split into 3 groups and discuss the “leverage o Leverage areas:
areas areas” and identify any that may be missing or need to be o Differentiating bioplastic products from each other
changed. o Materials used to make bioplastics

Role of bioplastics in packaging food

o Handling bioplastics from one stage to the next in
the supply chain

o Product design and the innovation process/pipeline

15 min  Report Back Facilitators from each breakout group share their Miro board
and key insights from their discussions.

10 min - Wrap up Thank participants for attending. Review next steps in the e Not applicable
research process. Share survey link.
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TABLE Aé. Canada lab 3.

Time Activity Description Key findings
Part A
25 min  Opening and Participants sign into Zoom. Introduction to study and ¢ Not applicable
game set-up land acknowledgement. Summary presentation of previous
session. Introduction to the concept of serious games and
the Can You Sort It? game.
30 min  Can You Sort It? Participants split into 3 groups. In each group, participants o Key themes in label design:
set-up have 5 minutes to sketch out their own ideas for labels to o Symbols which communicate the concept, like the
categorise plastics as compostable, biodegradable, Mobius loop for recycling, leaf for compost, trash
recyclable, and other. Participants share what they have can for disposal
created and work together to come up with a “standard” o Colour scheme associated with different pathways,
that will be prototyped in the next session. such as blue for recycling, green for compost, black
for disposal
e Considerations for label design:

o Biodegradable does not have a standard meaning

o Accessibility for visual impairments

o Different cultural contexts for symbols

o Visual identifier needed for reusables

5 min Break
5 min SIMBIOCity Introduction presentation to the SIMBIOCity game. e Not applicable
intro
45 min  SIMBIOCity set- Participants split into 3 groups for different locations e Grocery store:
up (grocery store, mall food court, urban vegetable farm). o Cheese sold as a whole wheel, in cloth, or reusable
Participants will need to design a system for selling clamshell
different assigned products without using single-use o Crackers and cereals in standardised reusable glass
plastics. or recycled aluminium containers in different sizes
with QR codes for branding

o Reusable containers can be returned for deposit

refund
e Mall food court:

o Reusable and durable plastic wares for plates,
utensils, cups, and takeout containers or customers
bring their own (with clear rules to ensure hygiene)

o Deposit system with chips/barcodes to track items
so they are returned

o Centralised dishwashing

e Urban vegetable farm:

o Greens in linen or hemp mesh bags, reusable glass or
plastic containers, or wrapped in local plant leaves

o Berries in cardboard baskets/egg cartons, reusable
containers with lids, or reusable woven baskets lined
with recycled paper

o Subscription model for repeat customers to
exchange the same packaging

o Allow customers to fill own containers/packaging at
markets

5 min Wrap up Thank participants for attending. Review next steps in the e Not applicable
research process.
Part B
15 min  Opening Participants sign into zoom. Introduction to study and land e Not applicable
acknowledgement. Summary presentation of previous
session.
5 min Kahoot! Practice  Introduction to Kahoot! Platform and a practice game with e Not applicable
all participants to get to know the platform.
25 min  Can You Sort It? Participants split into 3 groups to play the game. e 65% of items were correctly sorted

e Challenges with sorting:
o Not having enough time (a few seconds)
o Difficulty seeing the symbols and colours
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(Continued)

Time Activity Description

5 min Break

5 min SIMBIOCity intro  Introduction on how to “play” SIMBIOCity. Each breakout
group will get the design from a different group to
evaluate.

60 min  SIMBIOCity Participants split into 3 groups. Facilitators narrate the
design of another group as a story. Participants score the
design on a scale of 1 to 5 based on criteria presented in
the introduction to the activity and discuss the
considerations in the scoring.

5 min Wrap up Thank participants for attending. Review next steps in the

research process.

Key findings

o Paying attention to only the symbol, rather than the
colour

o Prior associations with the colours and symbols
which conflicted with their meanings in the game

e Not applicable

e Average scores:

o Grocery store: 3.7

o Mall food court: 3.5

o Urban farm: 3.7

o Key discussion themes:

o Standardisation/centralisation: Proposed changes
would be more feasible if they occurred on a
systems level, not just at individual locations.

o Food safety: Concerns relating to food safety, but

with the right system set up they could be mitigated.

o Local systems: Single-use plastic ban presented
exciting opportunities for more localised systems,
products, and supply chains.

o Environmental impact: Complexity of determining
environmental impact, which would extend beyond
the impacts of reducing single-use plastic waste.

o Equity/inclusion: Risk that changes could disqualify
people who are unable to participate in a deposit
system or purchase and carry reusable items.

o Bioplastics: Only used for specific applications, like
on the distribution side/back end of the farmer's
market, but not for mass consumption by the public,
or developing products for reuse.

o Not applicable

and the Environment % E_WI ]_‘E.YJ_29
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TABLE A7. Poland lab 1.

Time

15 min

30 min

30 min

15 min

10 min

10 min
90 min

Activity
Opening

Presentation

Presentation

Q&A

Introduction

Break

Group
timelines

LI ET AL

Description

Participants sign into Microsoft teams. Introduction to study
and the project

“Bioplastics through the prism of waste management” -
speech the Institute of Circular Economy representative and
SIMBIO stakeholder

Diagnosis of challenges for the use of bioplastic packaging in
the light of the report on the implementation of the first
stage of the SIMBIO project

Comments, questions and answers session

The purpose and assumptions of the dialogue and
cooperation of stakeholders during discussion panels”

Participants split into 3 pre-assigned breakout groups

In each group, participants introduce themselves by name
and organisation. A facilitator leads each group discussion
“analysis of barriers and identification of their causes as key
challenges for the development of the bio-packaging market
in Poland”.

Key findings

Not applicable

Providing the participants with knowledge in the field of
compostable waste management and the possibilities of
composting bioplastic packaging

A summary of the results of the first stage of the project,
as the starting point for lab 1.

There are four key problems regarding the development
of bioplastic packaging in Poland: 1.Insignificant share of
bioplastic packaging in the food packaging market in
Poland 2. Low awareness and the willingness of
consumers to buy food products in bio-packaging 3.
Insufficient social and environmental responsibility of
enterprises in the supply chains of food packaging for the
benefit of the circular economy 4. The low level of
development of the compostable packaging waste
management

Not applicable
Not applicable

Not applicable

Completing Ishikava diagrams for each of the four
problems.

Barriers to market development under problem I: 1. High
market prices of compostable packaging in relation to the
prices of conventional plastic packaging 2. Limited
properties of bio-packaging in relation to conventional
plastic packaging 3. A lack of support to level the playing
field for compostable packaging

Barriers to market development under problem II: 1. An
insufficient level of consumer knowledge about bio-
packaging in the circular economy 2. A low social
commitment to circular waste management 3. The poorly
developed infrastructure supporting the selective
collection of packaging by consumers 4. Greenwashing in
the food bio-packaging market (from the consumer
perspective)

Barriers to market development under problem Ill: 1.
Insufficient integration of economic, environmental, and
social goals into one main sustainable goal 2. A lack of
the link between investor assessment and corporate
sustainability, including the approach to managing
packaging in an environmentally responsible manner 3. A
lack of sufficient cooperation of enterprises for the
benefit of circular economy in the field of, i.a., design, and
development of the food bio-packaging, including
compostable packaging 4. A lack of social pressure on the
implementation of environmentally and socially
responsible activities by enterprises 5. Greenwashing in
the food bio-packaging market (from the perspective of
companies)

Barriers to market development under problem IV: 1.
Lack of uniform and transparent regulations regarding the
planning and organisation of the closed-loop
compostable packaging 2. Insufficient communication
between the private and public sectors on how to
increase the use of compostable food packaging 3. Poorly
developed compostable waste management system 4.
Lack of sufficient financial incentives to support activities
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(Continued)

Time Activity

10 min  Break
30 min  Report Back

5 min Wrap up

Description

Facilitators share conclusions of their breakout groups with
the whole group

Thank participants for attending. Review next steps in the
research process.

and the Environment 1

Key findings

for the benefit of the circular economy of compostable
packaging at the level of local government units

e 16 causes of barriers were identified for problem I, 23
causes of barriers were identified for problem I, 39
causes of barriers were identified for problem Ill, 25
causes of barriers were identified for problem IV

o Not applicable

e Presentation of four Ishikawa diagrams to all participants.

o Not applicable
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TABLE A8. Poland lab 2.

Time

15 min

30 min

30 min

30 min

25 min
10 min

15 min
95 min

Activity
Opening

Presentation

Presentation

Presentation

Q&A

Introduction

Break

Group
timelines

LI ET AL

| L]

and the Environment &

Description

Participants sign into Microsoft teams. Introduction to study
and the project's third stage

“Diagnosis of the problems and barriers to the development
of the food bio-packaging market in Poland “- In the light of
the report of the second stage of the SIMBIO project

“Composite materials with a biodegradability trigger - a case
study” - a speech by a professor from another university in
the same city

.government approaches to bioplastics Management in
Canada” -a speech by the research associate within the
SIMBIO project from Canada

Comments, questions and answers session

The purpose and assumptions of the dialogue and
cooperation of stakeholders during discussion panels

Participants split into 3 pre-assigned breakout groups

In each group, participants introduce themselves by name
and organisation. A facilitator leads each group discussion
“solutions for managing supply chains and the life cycle of
bio-packaging for food in accordance with the principles of
circular economy”.

Key findings
e Not applicable

e A summary of the results of the second stage of the
project, as the starting point for lab 2.

e Providing the participants with knowledge in the field of
innovations in packaging materials.

e Providing the participants with knowledge in the field of
legislative conditions for the development of the
bioplastics market in Canada

o Not applicable
o Not applicable

e Not applicable

e A survey questionnaire was prepared with the aim to
discover the most important problems and barriers along
with their causes for the development of the bio-
packaging market, according to the stakeholders. The
results were the subject of discussion panels during Lab2.

o The key barrier to the problem of insignificant share of
bio-packaging, including compostable packaging, in the
food packaging market in Poland, is the high price of bio-
packaging in relation to the price of the packaging made
of plastics. The main reasons for this barrier are: 1. The
high prices of raw materials, the low availability of
imported and domestic raw materials to produce bio-
packaging, the high logistics costs related to the import of
raw materials 2. The low demand for bio-packaging
(resulting from low environmental awareness of
consumers and difficulties in identifying such packaging).
Panel participants indicated 10 different solutions that
could help eliminate the barrier and its causes. However,
the most urgent solution identified during the panel was
an increase in the number of production plants
(producing bioplastics) in Poland and improving their
cooperation with organisations performing R&D projects.

o The key barrier related to the problem of the low
awareness and willingness of consumers to buy food
products in bio-packaging, is the insufficient level of
consumer knowledge about bio-packaging (including
compostable ones) in a circular economy. The main
reasons for this barrier are: 1. The lack of consumer
awareness of the importance of the packaging problem,
the lack of education (e.g. in schools, social media),
information campaigns on bio-packaging (including
compostable packaging), and the shortage of mobile
applications supporting the dissemination of knowledge
and waste segregation 2. The lack of clear information on
the packaging about its compostability. Panel participants
indicated 4 different solutions that could help eliminate
the barrier and its causes. According to the participants,
the most urgent and the most difficult solution to
implement is the inclusion of uniform information on the
compostability placed on the packaging. The information
serves to educate the consumer about the packaging and
how to manage the packaging waste.

o The key barrier related to the problem of insufficient
social and environmental responsibility of enterprises in
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the supply chains of food packaging, is the lack of
sufficient cooperation of enterprises for the benefit of
the circular economy. The main reason for this barrier is
1. The lack of cooperation between enterprises in the
field of acquiring and gathering knowledge about bio-
packaging and the circular economy, the lack of joint
R&D works for bio-packaging, no economies of scale, no
joint actions to simplify and standardise the specifications
of bio-packaging, the lack of sufficient cooperation for a
uniform European standard and the lack of
interdisciplinary cooperation within enterprises. Panel
participants indicated 29 different solutions that could
help eliminate the barrier and its causes. However, the
most urgent solution identified during the panel was
designing a strategy for the development of the bio-
packaging market (including compostable packaging), i.e.
an ‘umbrella’ for the activities of internal stakeholders of
supply chains, is extremely urgent and difficult to
implement.

The key barrier related to the problem of the low level of
development of compostable packaging waste
management, is the lack of uniform and transparent
regulations regarding the planning and organisation of
closed-loop compostable packaging. The main reasons for
this barrier are: 1. The legal regulations that are
inadequate and insufficient for the market, often also
inconsistent, and above all (especially in recent years)
changing legal regulations 2. The limited awareness of
the implementation of the circular economy idea. Panel
participants indicated 10 different solutions that could
help eliminate the barrier and its causes. The panel
discussion led to the definition of the two most urgent
solutions. The first is the development of a strategy for
the compostable packaging market along with
operational documents. The second solution is
establishing an association of processors of bioplastics
(and/or producers of compostable packaging) obtained
from biodegradable renewable raw materials.

Presentation of the lists of solutions (aimed at solving
four problems by eliminating key barriers and their main
causes) to all participants.

LI ET AL
(Continued)
Time Activity Description Key findings
20 min  Report Back  Facilitators share conclusions of their breakout groups with
the whole group
5 min Wrap up Thank participants for attending. Review next steps in the

research process.

Not applicable
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TABLE A9. Poland lab 3.

Time

10 min

20 min

30 min

20 min

20 min

15 min
15 min

10 min

60 min

35 min

35 min

Activity
Opening

Presentation

Presentation

Presentation

Presentation

Q&A
Break

Introduction

Group
timelines

Group
timelines

Group
timelines

LI ET AL

and the Environment &

Description

Participants sign into Microsoft teams. Introduction to study
and the project's fourth stage

“|dentification of potential solutions to the problems and
barriers to the development of the food bio-packaging
market in Poland “- Summary of results included in the
report of the third stage of the SIMBIO project

“Best practice in food waste collections. The case study of
Italy” - a presentation delivered by the representative of the
Bio-based and Biodegradable Industries Association (BBIA)
and the European Circular Bioeconomy Policy Initiative
(ECBPI)

“Eco-designing packaging for organic and material
recyclability” -a presentation delivered by the
representative of Institute of Biopolymers and Chemical
Fibres from Poland

“Packaging - standardisation in practice” - a presentation
delivered by the representative of polish Committee for
Standardization

Comments, questions and answers session
Participants split into 3 pre-assigned breakout groups

“Purpose and assumptions of the dialogue and cooperation
of stakeholders during the discussion panels” - Introduction
to group work

Participants introduce themselves by name and organisation.
A facilitator leads group discussion “designing a strategy for
the development of the compostable packaging market”.

A facilitator leads group discussion “establishing an
industrial organisation for stakeholders in bio-packaging
supply chains”. (carried out at a later date)

A facilitator leads group discussion “developing a
technological platform for stakeholder cooperation in bio-
packaging supply chains”. (carried out at a later date)

Key findings

Not applicable

A summary of the results of the third stage of the project,
as the starting point for lab 3.

Familiarising participants with knowledge in the field of
organic recycling within the circular economy and food
waste collection in Italy.

Providing the participants with knowledge in the field of
eco-design challenges related to bio-based packaging.

Providing the participants with knowledge in the field of
standards of packaging biodegradability and the
packaging standardisation process.

Not applicable
Not applicable
Not applicable

A national strategy can play a key role both to stabilise
the conditions and to dynamise the development of the
compostable packaging market at each macro (central
government administration) level, meso- (regional and
local government administration) and microeconomic
(businesses and consumers).

The strategy should provide a coherent and integrated
vision and key strategic goals defined which support the
creation of the ecosystem of external and internal
stakeholders of a compostable packaging supply chain,
who perform their own activities and cooperate in the
circular economy.

The industry organisation should be aimed at a wide
range of stakeholders representing the links of the
compostable food packaging supply chains, including
suppliers of raw materials and bioplastics, packaging
producers, packaging distributors, waste management
operators, business customers as well as research
institutions.

The main roles of the industry organisation are as
follows: The integration and collaboration of stakeholders
in the compostable packaging market, the exchange of
knowledge and experience as well as the elimination of
barriers limiting the development of the compostable
packaging market, the creation of a strong entity working
for the benefit of all parties involved, through
representative, educational, research and lobbying
functions. It also aims to achieve added value through
trust-based cooperation in a network of various
stakeholders, becoming an impetus to accelerate the
development of the compostable packaging market.

The role of a digital multi-sided business-to-business
(B2B) platform for the development of the compostable
packaging market is diverse. Firstly, it can facilitate the
interaction and exchange of goods or services between
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two or more groups of participants. Secondly, the
platform is for support coordination and the
improvement of material flows, information and financial
as well as business relationships and processes
management. Thirdly, the technology platform can also
be perceived as the foundation of innovative activity in
creating new, complementary services and products.
Moreover, the role of technology platforms is seen as
crucial in stimulating, creating and sustaining a successful
innovation ecosystem that supports information and
communication flows between supply chain participants.
Synergic results from the collaboration of different
organisations are achieved especially on digital
multilateral platforms B2B that gather companies in one
place - supply chain participants with diverse scopes and
goals of activities.

Presentation of key assumptions for developing a
national strategy, establishing an industry organisation
and a technological platform for stakeholder cooperation
to all participants.

LI T AL
(Continued)
Time Activity Description Key findings
L]
15 min  Report Back  Facilitators share conclusions of their breakout groups with .
the whole group
5 min Wrap up Thank participants for attending and discuss the next steps .

in the research process.

Not applicable
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TABLE A10. UK lab 1.

Time
30 min
10 min

10 min

15 min

10 min

10 min

65 min

10 min

30 min

5 min

Activity
Soundcheck

Welcome
and
introduction

Presentation

Presentation

Presentation

Instruction
and
guidance

Breakout
groups

Break
Report Back

Wrap up

LI ET AL

Description
Participants sign into Zoom, and soundcheck.

Introduction to study and the project (Coventry University
representative)

Perspectives: Future of bioplastic industry (BBIA
representative)

What do we know about bioplastic packaging systems so
far? (Coventry University representative)

Perspectives: Exploring barriers and opportunities for
relevant industrial compostable plastic waste (Association
for Renewable Energy and Clean Technology [REA]
representative)

Instruction and guidance next step (Miro instructions)
(Coventry University representative)

Participants split into 3 pre-assigned breakout groups
(production, consumption, waste management). Facilitated
discussion groups in parallel sessions.

Facilitators share the conclusions of their breakout groups
with the whole group.

Discuss the next steps in the research process and thank
participants for attending.

Key findings

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Key challenges/barriers::

o

Need for improved certification standards for industrial
composting, AD, and waste management procedures.
Bioplastic materials developed without consideration
of how waste management can process them.
Consumers doubted their ability to separate out
bioplastic packaging in waste collection streams
despite eco-friendly labels being used.
Infrastructure's role in waste management: Concerns
about the biodegradability of current compostable
food waste caddies available to consumers and the
implications for packaging made of bioplastics.

Key opportunities:

o

Develop clearly defined and legally binding labels for
compostable products.

Develop guidelines for waste management (WM)
industry to process compostable plastics.

Provide certainty about producers' claims regarding
their products by enforcing current certification
standards.

Improve compatibility of industrial certification
standards with label and WM procedures.

Provide and develop clear and consistent terminology
to avoid confusion; for instance, for industrially
compostable plastics or home compostable plastics.
Develop educational programmes for home
composting products.

Replace the material made for hard-to-recycle
applications with compostable materials..

Develop industrial infrastructure for disposing of
compostable materials, such as a composting and AD
plant.

Improve research and development of other
feedstocks.

Adopt consistent policies to support the use of
compostable plastics.

Not applicable
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TABLE A11. UK lab 2.

Time
30 min

5 min

15 min

15 min

30 min

30 min

20 min

5 min

Activity
Soundcheck

Welcome
and starting
points

Presentation

Presentation

Activity

Breakout
groups

Report Back

Worap up

Description
Participants sign into Zoom, soundcheck.

Update of the study (Coventry University representative).

Perspectives: The compostable materials certification
scheme (stakeholder engagement compostable materials -
REAL).

Perspectives: Regulatory (certifications) and consumers'
perspectives (garden organics bioplastics representative).

Embracing possibilities and consumer perspectives

Participants split into 5 pre-assigned breakout groups to
explore the design of the solutions. Facilitated discussion
groups in parallel sessions.

Facilitators share the conclusions of their breakout groups
with the whole group (designing solutions).

Discuss the next steps in the research process and thank
participants for attending.

Key findings

Not applicable
Not applicable

Not applicable

Not applicable

Solution themes (bolded items for next activity):
o Communication with the consumers

o Educational programmes

o Certification standards and guidelines

o Specific products and more feedstocks

o End of life

o Policies

Not applicable

Communication with the consumers

o Reduce message complexity to achieve clear and
consistent communication. Bioplastics are available in a
variety of types (e.g. fossil-based plastics that can
biodegrade, biobased [or partially biobased] and non-
biodegradable; and biobased and biodegradable plastics),
and they have a similar appearance to conventional
plastics..

Identify how and where to dispose of compostable plastics.

Create appropriate eco-labels for packaging, making it

easier for consumers to understand.

Certification standards and guidelines

o Develop regulatory tools, such as certification standards
and guidelines for waste management, with the aim of
supporting a sustainable packaging system.

End of life

o Develop home composting, industrial composting, AD or
dual processing (AD and composting) as possible end-
of-life routes.

o Increase the evidence that compostable plastic can be
degraded by home composting.

Not applicable
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TABLE A12. UK lab 3.

Time

30 min

10 min

10 min

10 min

10 min

10 min

10 min

10 min

10 min

10 min

20 min
10 min
40 min

20 min

Activity
Soundcheck

Reception

Welcome
and
introduction
Presentation
Presentation

Presentation

Presentation

Presentation

Presentation

Presentation

Presentation

Q&A
Break

Break-out
rooms

Report Back

LI ET AL

Business Strategy 3 E
and the Environment 4 &

Description

Participants sign into Zoom and soundcheck.
Participants are welcome at techno Centre (Coventry
University) and online)

Update of the study (Coventry University representatives)

Perspectives: When did we stop thinking! (plastic
manufacturer representative)

Perspectives: Communication with consumers (BBIA
representative)

Perspectives: Importance of labelling - What consumers
want (the on-pack recycling label [OPRL] representative)

Perspectives: End of life: AD perspective.
Anaerobic Digestion and Bioresources Association
representative (ADBA)

Perspectives: Together, we can (Waste and Resources
Action Programme [WRAP] the UK Plastic Pact
representative)

Perspectives: Compostable plastics: Unlocking existing
barriers to systems change (University College London
[UCL] academic representative)

Perspectives: No clue about bioplastics (Vrije Universiteit
Amsterdam academic representative)

Perspectives: Policies to move forward the bioplastics
agenda (bioladies network representative)

Participants split into 6 pre-assigned breakout groups to
explore the prototype of the solutions (certification
standards & guidelines, end-of-life, policies, specific
products, education and communication) in terms of
feasibility (main positive or negative factors to take into
account for the implementation of these solutions),
practicality and impact. Facilitated discussion groups in
parallel sessions.

Facilitators share the conclusions of their breakout groups
with the whole group.

Key findings

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable

Not applicable
Not applicable
Not applicable

Certification standards & guidelines
o Feasibility (feasible, but requires)
e Technical competence.
e Wider accountability.
o Practicality (practically possible, but depends on)
e Uptake of the measures and how stringent the
standards are in comparison to current industry
practices.
e Desire for certification standards by the wider
industry and the perceived benefits.
End of life
o Feasibility (feasible, but requires)
e End-of-life investment.
e Address the risk of contamination of waste
streams.
o Practicality (practically possible, but depends on)
e Contamination of the digestate
e Greater investment
Policies
o Feasibility (feasible, but requires)
e Producer responsibility and place tax incentives to
encourage recycling.
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e Address specific changes needed across the sector
(such as an increase in investment in industrial
composting).

o Practicality (practically possible, but depends on)

e Cost of compostable over fossil fuel-based plastic
materials

e Policy alignment with the circular economy

Specific products
o Feasibility (feasible, but requires)

e Use experience from existing biobased
biodegradable plastics.

e Producers and brands to redevelop into BBPP.
Reluctancy after investing in recyclability
innovation.

e Unified driver for compostable plastic be the most
appropriate sustainability pathway.

o Practicality (practically possible, but depends on)

e Waste management systems.

e Address the high cost of developing and
purchasing compostable materials.

Not applicable

A sustainable path for these products, can be facilitated by:

The implementation of certifications with a specific
timeframe over which high degradability standards can

Collaboration between brands and retailers to help
implement closed-loop recycling systems, which are
accessible to consumers and thus may have a significant
impact on consumer behaviour.

Collaboration between stakeholders involved in the
commercialisation of packaging products and waste
management, including collection, sorting, and recycling
of household food waste, aiming at improving the
processing of the end-of-life of compostable packaging.
Assisting behaviour change by providing consumers with
better information about the differences between
conventional & conventional plastics and providing
innovations that act as “bridge technologies” (e.g. bio-
paper caddy liners made of cellulose or biopolymers), so
they can distinguish between them easily. By introducing
these bridge technologies faster on the market,
consumers' behaviour may change and certification
standards and waste management processes may evolve
to include a wider spectrum of materials.

Rising inflation and production costs across industries
are a barrier to investment in the development of new
biobased biodegradable materials, with consumers wary
of price increases.

Products with a clear closed-loop recycling arrangement
would prevail.

LI T AL
(Continued)
Time Activity Description Key findings
L]
60 min Lunch .
120 min  Scenario Prototyping solutions with the scenario SIMBIO game for
SIMBIO three bio-based biodegradable plastic packaging products .
game closer to the market, such as compostable ready meal trays,
coffee pods and food caddy liners. be met.
[ ]
[ ]
L]
Challenges:
[ ]
L ]
5 min Worap up Discuss the next steps in the research process and thank .

participants for attending.

Not applicable
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